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SUMMARY

S e v e r a l  a s p e c t s  o f  th e  in v o lv e m e n t o f  f r e e - l i v i n g  nem atodes in  

th e  d e c o m p o s it io n  o f  th e  k e lp  L am in aria  s a c c h a r in a  have b een  in v e s t i g a t e d .

The s e a s o n a l  p a tte r n  o f  grow th and decay o f  th e  L . s a c c h a r in a  

p o p u la t io n  a t  a s i t e  on th e  I s l e  o f  Cumbrae was fo l lo w e d . B r i g h t f i e l d ,  

f lu o r e s c e n c e  and sc a n n in g  e l e c t r o n  m icro sco p y  w ere u sed  t o  s tu d y  th e  

d i s t r i b u t i o n  o f  a l l  e p ip h y te s  from  b a c t e r ia l  s i z e  upwards on fr o n d s  o f  

d i f f e r e n t  y e a r -g r o u p s  o v e r  a  p e r io d  o f  o n e  y e a r .  The a r e a s  o f  d ecom p osin g  

t i s s u e  a t  th e  fro n d  t i p  had a  d i s t i n c t i v e  m ic r o b ia l  com munity: b a c t e r ia  

o f  s e v e r a l  m o r p h o lo g ic a l t y p e s ,  y e a s t s ,  d ia to m s , f l a g e l l a t e s  and c i l i a t e s .  

M ost e p ip h y te s  on th e  i n t a c t  fr o n d  s u r fa c e  (d ia to m s , ro d -sh a p ed  b a c te r ia )  

w ere m ost abundant on th e  o ld e r ,  a p ic a l  p a r t  o f  th e  fr o n d . In  t h e  s p r in g  

and e a r ly  summer a netw ork o f  f i la m e n t s  o f  an e c to c a r p o id  a lg a  d ev e lo p e d  

a t  t h e  fro n d  t i p ,  and around t h e s e  f i la m e n ts  accum ulated  a  m u c ila g e  

m a tr ix  c o n t a in in g  b a c t e r ia ,  d ia to m s , f l a g e l l a t e s ,  c i l i a t e s ,  s ed im en t  

g r a in s ,  f a e c a l  p e l l e t s  e t c .  The d i s t r i b u t i o n  o f  h y d r o id s , b ry o zo a n s  e t c .  

i s  d e s c r ib e d .

The d i s t r i b u t i o n  and abundance o f  nem atodes w ere s tu d ie d  o v e r  th e

same p e r io d .  Four s p e c i e s  dom inated  t h e  fauna: M onhystera d i s j u n c t a ,

M. r e f r in g e n s , Chromadora n u d ic a p ita ta  and T heri s t u s  a c e r . N em atodes

w ere  v i r t u a l l y  a b se n t from t h e  m eristem  and m id -fro n d  r e g io n s .  The

f i r s t  th r e e  o f  th e  ab ove s p e c ie s  a re  o f  s im i la r  body s i z e ,  w ere p r e s e n t

th ro u g h o u t th e  y e a r ,  b o th  on th e  t i p  s u r f a c e  and i n  th e  decom posin g  t i s s u e ,

and b red  c o n t in u o u s ly .  An attem p t i s  made to  r e l a t e  t h e i r  s e a s o n a l

ch a n g e s  in  abundance to  th o s e  o f  p a r t i c u la r  e p ip h y te s ,  c o n s id e r in g  a l s o

d a ta  from g u t c o n te n t s  a n a ly s e s .  T. a c e r  i s  a  l a r g e r  nem atode. As th e

e c to c a r p o id  f i la m e n ts  grew in  s p r in g ,  p r o g r e s s iv e ly  la r g e r  T. a c e r
T.«c tr

c o lo n iz e d  th e  fr o n d . One c y c le  o f  ̂ b re ed in g  took  p la c e ,  and th en  th e  

f i la m e n t s  d ie d , th e  m a te r ia l  trapp ed  around them d is p e r s e d  and T. a c e r



d isa p p e a r e d  from th e  fr o n d . Gut c o n t e n t s  a n a ly s e s  su g g e s te d  th a t  T. a c e r  

fe d  on m u cila g e  and b a c t e r ia .

M. d is j u n c t a  appeared  to  b e th e  nem atode m ost c l o s e l y  a s s o c ia t e d

w ith  d ecom p osin g  t i s s u e .  T h is  s p e c i e s  was c u ltu r e d  and i t s  f e e d in g

32on  b a c t e r ia  i s o l a t e d  from t h e  fro n d  was in v e s t ig a t e d  u s in g  P as a  

l a b e l .  T h ere was s i g n i f i c a n t  u p ta k e o f  l a b e l  from o n ly  on e o f  th e  fo u r  

b a c t e r i a l  s t r a in s  t e s t e d .  C om parison o f  th e  g u t  r e t e n t io n  

d eterm in ed  by m ic r o sc o p ic  o b s e r v a t io n ,  w ith  th e  t im e -c o u r s e  o f  u p ta k e  o f  

l a b e l  showed th a t  a s s im i la t io n  was o c c u r r in g .  U ptake o f  l a b e l  from  

s o lu t io n  was i n s i g n i f i c a n t .

L . s a c c h a r in a  p la n t s  w ere a llo w e d  t o  decom pose below  th e  p h o t ic  

z o n e , and ch a n g es in  th e  nem atodes and e p ip h y te s  w ere fo l lo w e d . The r a t e  

and p r o c e s s  o f  d eco m p o sitio n  w ere e s s e n t i a l l y  t h e  same as t h o s e  o f  

d i s t a l  t i s s u e  l o s s  in  l i v i n g  p la n t s .  A p r e lim in a r y  a ttem p t a t  r e s p ir o m e tr ic  

m easurem ent o f  d ec o m p o s itio n  r a t e s  in  t h e  la b o r a to r y  i s  d e s c r ib e d .
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CHAPTER 1 

INTRODUCTION

F r in g in g  v e g e t a t io n  i s  a f e a t u r e  o f  m ost a q u a t ic  e c o s y s te m s .

Around th e  ed g es o f  la k e s  and r i v e r s  grow subm erged and em ergent 

a n g io sp erm s: w a ter  l i l i e s ,  reed  beds e t c .  Around th e  c o a s t ,  s a ltm a r s h e s ,  

m angrove swamps and s e a g r a ss  meadows a r e  found on s o f t  b o tto m s, w h i le  

m a cro a lg a e  form com m u nities on rock y  s u b s t r a t a .  In  b oth  s a l t  and f r e s h  

w a te r  th e r e  a r e  a l s o  m ic r o p h y te s , s im p le  o r  c o l o n i a l  m ic r o a lg a e , fo rm in g  

m ats on th e  bottom  o r  l i v i n g  i n t e r s t i t i a l l y  or  a t ta c h e d  t o  m a cro p h y tes . 

The prim ary p r o d u c t iv i t y  o f  t h i s  f r in g in g  v e g e t a t io n  i s  u s u a l ly  h ig h  

( s e e  re v ie w s  by Mann, 1972b; T e a l ,  1 9 8 0 ) ,  com parab le w ith  th a t  o f  

p r o d u c t iv e  a g r ic u l t u r a l  c r o p s  and p erh ap s 1 -50  t im e s  as h ig h  as p h y to 

p la n k to n  p r o d u c t iv i ty  in  th e  same h a b i t a t .  The p r o p o r t io n  o f  t h i s  

p r o d u c t iv i t y  w hich  i s  c o n tr ib u te d  by th e  m icr o p h y te s  v a r ie s  from l e s s  

th a n  1% to  more th an  50% (r e v ie w  by T e a l ,  1 9 8 0 ) . A h ig h  p r o p o r t io n  o f  

th e  m icro p h y te  p r o d u c t iv i t y  may be consumed by h e r b iv o r e s  such  a s  i n s e c t  

l a r v a e  (A lla n s o n , 1 9 7 3 ) ,  g a s tr o p o d s  (C a s te n h o lz ,  1961) o r  c r u s ta c e a n s  

(J a n s s o n , 1 9 6 9 ). In  c o n t r a s t ,  s e v e r a l  s t u d ie s  h a v e  found th a t  <10% o f  

th e  p r o d u c tio n  o f  th e  m acrophytes o f  th e  f r in g in g  v e g e t a t io n  i s  g ra zed  

( T e a l ,  1962; M i l le r  and Mann, 1 9 7 3 ); th e  rem a in in g  90% must e n te r  

d ecom poser fo o d  w eb s.

F r e e - l i v i n g  nem atodes a re  abundant in  b oth  fr e s h w a te r  and m arine

e n v iro n m en ts , l i v i n g  in  th e  sed im en t and on m a cro p h y tes . The v ery  la r g e

5 -2numbers in  w hich  th ey  o c c u r  ( 1 0  m w ould  be common in  a m arin e sed im en t)
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and t h e i r  r a p id  grow th and re p r o d u c t io n  s u g g e s t  t h a t  th e y  a r e  o f  

c o n s id e r a b le  e c o lo g ic a l  im p o rta n ce  (G e r la c h , 1 9 7 1 ) . D e s p it e  t h i s ,  l i t t l e  

i s  known ab ou t th e  e c o lo g y  o f  th e s e  a n im a ls ,  p rob ab ly  b e c a u se  t h e i r  sm a ll  

s i z e  and t h e i r  d i f f i c u l t  taxonomy have d e te r r e d  many e c o l o g i s t s .

T h is  t h e s i s  d e s c r ib e s  a  s tu d y  o f  some o f  th e  ways in  w h ich  f r e e -  

l i v i n g  nem atodes a r e  in v o lv e d  i n  th e  d e c o m p o sitio n  o f  th e  k e lp  

L a m in ar ia  s a c c h a r in a  (L .)  Lamour.

K e lp s  o f  th e  o rd er  L a m in a r ia le s  ( e . g .  M a c r o c y s t is , E c k lo n ia ,  

L a m in ar ia ) a r e  th e  dom inant m acrophytes on s u b l i t t o r a l  ro ck  in  th e  c o ld  

and c o ld  tem p era te  s e a s  in  b o th  th e  N and S h em isp h e res . Of th e s e  a lg a e ,  

th e  genus L am inaria  i s  e s s e n t i a l l y  n o r th e r n  in  d i s t r i b u t i o n ,  a lth o u g h  a 

few s p e c i e s  a re  found in  th e  S h em isp h ere ( s e e  maps in  Mann, 1 9 7 2 b ). The 

o b v io u s  la r g e  L am inaria  p la n t  i s  th e  sp o r o p h y te , w h ich  p ro d u ces  h a p lo id  

z o o sp o r e s  from s o r i  on th e  o ld e r  p a r ts  o f  th e  fr o n d . T h ese  z o o sp o re s  

d e v e lo p  i n t o  m ic r o s c o p ic , b e n t h ic ,  f i la m e n to u s ,  m ale  and fe m a le  

g a m e to p h y te s , w h ich  in  tu r n  prod uce gam etes w hich  f u s e  to  g iv e  th e  

z y g o te sw h ic h  d e v e lo p  i n t o  t h e  n e x t  sp o ro p h y te  g e n e r a t io n .  A L am inaria  

sp o ro p h y te  c o n s i s t s  o f  a  fr o n d , a s t i p e  and a h o ld f a s t .  New fron d  and 

s t i p e  t i s s u e  a r e  produced by a  m eristem  a t  th e  f r o n d - s t ip e  j u n c t io n .

The v a r io u s  f a t e s  o f  fro n d  t i s s u e  a re  shown s c h e m a t ic a l ly  in  F ig .  1 . 1 . ,  

s e e  a l s o  J o h n sto n  (1 9 7 1 ) .  Some t i s s u e  i s  consumed d i r e c t l y  by h e r b iv o r e s  

su ch  a s  g a s tr o p o d s  and s e a  u r c h in s ,  b u t ,  a s  m ention ed  a b o v e , t h i s  

p ro b a b ly  amounts t o  l e s s  th an  1 0 % o f  n e t  p r o d u c t io n  i n  a s t e a d y - s t a t e  

k e lp  bed ( M il l e r  and Mann, 1973) . The rem aind er o f  th e  n e t  p r o d u c t io n  

e n te r s  decom poser food  c h a in s  i n  a v a r ie t y  o f  w a y s . Some d i s s o lv e d  

o r g a n ic  m a tter  (DOM) i s  r e le a s e d  by h e a lth y  a l g a l  t i s s u e .  E a r ly  a ttem p ts  

t o  q u a n t ify  t h i s  r e le a s e  in  a  ra n g e  o f  brown a lg a e  produced  c o n f l i c t i n g  

r e s u l t s ;  Moebus and Johnson  ( 1 9 7 4 ) ,  f o r  ex a m p le , found much lo w e r  r a t e s  

o f  r e le a s e  th an  d id  S ie b u r th  (1 9 6 9 ) and K h a ilo v  &. B u rlak ova  ( 1 9 6 9 ) .



A
DECMPOSITKDNdecomposing

area PARTICULATE
DETRITUS

.LEAKAGE 
OF DOM TO DECOMPOSER 
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GRAZING

GROWTH
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FIG. 1 .1 . (a )  D iagram  o f  a  L am in ar ia  s a c c h a r in a  fro n d  sh o w in g
p a t t e r n  o f  grow th and p r o c e s s e s  o f  d e c o m p o s it io n .

(b ) P a r t  o f  a L . s a c c h a r in a  fro n d  sh o w in g  p o s i t io n  o f  
c e n t r a l ,  d im pled  and w in g  t i s s u e  ( s e e  C h a p ters  2 
and 3 ) .
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Two more r e c e n t  s t u d ie s ,  on L a m in a r ia  s p p . , h ave g iv e n  r e s u l t s  c l o s e r  to  

th o s e  o f  th e  l a s t  two o f  t h e s e  s t u d ie s :  H a tch er  e £  al_ (1 9 7 7 ) a t t r i t u t e d  

to  r e l e a s e  o f  DOM th e  35% o f  th e  n e t  p r o d u c t io n  o f  L . l o n g i c r u r i s  ce l a  P y l .  

w hich  was o th e r w is e  u n a cco u n ted  fo r ;  J o h n sto n  e t  al^ (1 9 7 7 ) fou n d  th a t 20% 

o f  th e  n e t  p r o d u c t io n  o f  L . s a c c h a r in a  p la n t s  was r e le a s e d  a s  DOM irom 

h e a lth y  t i s s u e .  S m all a r e a s  o f  d ecom p osin g  t i s s u e  a r e  a lw a y s  p r e s e i t  

around th e  t i p  o f  a  L am in aria  fr o n d . T hese c o n t r ib u t e  to  d eco m p o sitio n  in  

t h r e e  w ays. F i r s t l y ,  some L am in aria  t i s s u e  decom poses in  s i t u  in  th ese  

a r e a s .  S e c o n d ly , th e r e  i s  le a k a g e  o f  DOM from th e  d ecom p osin g  c e l l s ;  

J o h n s to n  e t _ a l  (1 9 7 7 ) e s t im a te d  t h a t  16% o f  th e  n e t  p r o d u c t io n  o f  

L . s a c c h a r in a  was l o s t  in  t h i s  w ay. T h ir d ly ,  th e  d eco m p o sin g  a r e a s  

c o n t in u o u s ly  prod uce p a r t i c u l a t e  d e t r i t u s .  In  a d d i t io n  t o  t h e  sm all 

d e t r i t a l  p a r t i c l e s  p rod uced  d i r e c t l y ,  th e  d ecom p osin g  a r e a s  c a n  weacen 

th e  fro n d  s o  th a t  l a r g e  s e c t io n s  a r e  to r n  o f f  by wave a c t io n .  Johnston  

e t  a l  (1 9 7 7 ) found t h a t  64% o f  n e t  L . s a c c h a r in a  p r o d u c t io n  was lo s t  i n  

p a r t i c u l a t e  form . Whole L a m in a r ia  p la n t s ,  p a r t i c u l a r l y  young p la n ts  and 

t h o s e  on u n s t a b le  s u b s tr a ta  can  be removed by wave a c t io n  in  t h e  autumn 

and w in te r .  A la r g e  amount o f  p a r t i c u l a t e  d e t r i t u s  i s  th u s  produce! by 

L am in aria  p la n t s  in  a v a r ie t y  o f  w a y s.

The DOM r e le a s e d  by k e lp s  may decom pose by s e v e r a l  p a th w a y s. Some 

w i l l  be ta k en  up by p la n k to n ic  b a c t e r ia  ( f o r  a d i s c u s s io n  o f  t h e s e  

b a c t e r ia  s e e  S ie b u r t h ,  1 9 7 9 ) . Some may form o r g a n ic  a g g r e g a te s  by 

m echanism s su ch  as th o s e  d e s c r ib e d  by R ile y  ( 1 9 7 0 ) .  Both b a c t e r ia  ;nd 

a g g r e g a te s  may be consumed by f i l t e r - f e e d i n g  z o o p la n k to n . DOM o f  a:gal 

o r i g i n  may th u s be decom posed in  th e  w a te r  colum n o r  may s e t t l e  o u t  in  

f a e c a l  p e l l e t s ,  c a r c a s e s  e t c .  and e n te r  d e t r i t u s  fo o d  w eb s. F in e  aigal 

d e t r i t u s  p a r t i c l e s  may s im i l a r l y  be decom posed in  th e  w a te r  colum n <r 

may s e t t l e  o u t d i r e c t l y  o r  i n d i r e c t l y  as f a e c a l  p e l l e t s  e t c .  S ed im n ta tio r  

o f  d e t r i t a l  p a r t i c l e s  o r i g i n a t i n g  from k e lp s  was d e s c r ib e d  by Webste* e t  a l  

( 1 9 7 5 ) .  L arger  p a r t i c l e s  a r e  more l i k e l y  to  a r r iv e  on th e  b o tto m . D r if t
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k e lp  i s  r e g u la r ly  tra w led  from d ep th s  o f  40-50m in  th e  C lyd e n ea r  M il lp o r t ,  

and o b s e r v a t io n s  w h i le  d iv in g  h a v e  shown th a t  i t  ca n  accum ulate in  

l o c a l i z e d  d en se  b e d s , though th e  o c c u r r e n c e  o f  th e s e  i s  r a th e r  u n p r e d ic t a b le .  

Cowper (1 9 7 8 ) r e co rd ed  s im i la r  a cc u m u la tio n s  o f  d r i f t  a lg a e  from s e a g r a s s  

b ed s on th e  T exas c o a s t .  Beds o f  d r i f t  a lg a e  p r o v id e  a h a b ita t  f o r  a 

d i s t i n c t i v e  com m unity o f  a n im a ls ,  and th e  r o l e  o f  th e s e  an im als in  th e  

d eco m p o sitio n  o f  th e  a lg a e  h as been  s tu d ie d  a t  M il lp o r t  by Mr. A .P . B edford  

(P h .D . t h e s i s  i n  p r e p a r a t io n ) .  Some la r g e  p ie c e s  o f  L am inaria  end up on  

th e  s t r a n d l in e ,  w h ere th e y  a re  c o lo n iz e d  by a n o th e r  community o f  a n im a ls ,  

o f  la r g e ly  t e r r e s t r i a l  o r ig in  ( i n s e c t  la r v a e ,  o l i g o c h a e t e s ,  r h a b d it id  

nem atodes e t c . ) ,  (B a ck lu n d , 1 9 4 5 ) .

V a r io u s  a s p e c t s  o f  th e  d e c o m p o s it io n  o f  m arine m acrophytes a re  

rev ie w ed  by F en ch e l ( 1 9 7 2 ) ,  Mann ( 1972b, 1 9 7 6 ) .

In  su ch  a  com plex p r o c e s s  th e r e  are  c l e a r l y  many p o in t s  a t  w hich  

nem atodes a r e  l i k e l y  to  be in v o lv e d .  Much o f  th e  en ergy  in p u t  in t o  

c o a s t a l  s e d im e n ts  comes from m a cro p h y tes , and th e s e  sed im en ts  u s u a l ly  h ave  

a d iv e r s e  nem atode fau n a th e  b io lo g y  o f  w h ich  i s  v ery  p o o r ly  u n d e r s to o d .  

G erlach  (1 9 7 8 ) d is c u s s e s  th e  way in  w hich  m eio fau n a  may s t im u la t e  b a c t e r i a l  

p r o d u c t iv i ty  and h en ce  sp eed  up d e c o m p o s it io n . D eco m p o sitio n  in  th e  

s t r a n d l in e  in v o lv e s  a v a r i e t y  o f  n em atod es: I n g l i s  & C o le s  (1 9 6 1 ) d e s c r ib e  

s t r a n d l in e  r h a b d it id s ;  th e  o n e  sam ple ta k e n  in  t h i s  p r e s e n t  s tu d y  c o n ta in e d  

r h a b d i t id s ,  m o n h y ster id s  and o n c h o la im id s . N e ith e r  d e c o m p o s it io n  i n  t h e  

sed im en t n o r  d e c o m p o s it io n  on  th e  s t r a n d l in e  w ere c o n s id e r e d  in  t h i s  s tu d y .

C h ap ters 2 ,  3 and 4 d e s c r ib e  a s e a s o n a l  s tu d y  o f  th e  d i s t r i b u t i o n  o f  

nem atodes and o f  a l l  e p ip h y te s  from b a c t e r ia l  s i z e  upwards on l i v i n g  

L am in aria  s a c c h a r in a . An u n d e r s ta n d in g  o f  th e  e c o lo g y  o f  nem atodes on  

l i v i n g  fr o n d s  i s  n e c e s s a r y  i f  any ch a n g es  w hich  ta k e  p la c e  when t i s s u e  

becom es d eta ch ed  and decom poses a r e  to  b e r e c o g n iz e d  and in t e r p r e t e d .

Such a s tu d y  sh o u ld  a l s o  r e v e a l  w h ether nem atodes a re in v o lv e d  in  i n  s i t u  

d ec o m p o s itio n  a t  th e  fron d  t i p  and th e  a s s o c ia t e d  le a k a g e  o f  DOM and



p r o d u c t io n  o f  p a r t i c u la t e  d e t r i t u s .  T h is  i s  th e  m ost d e t a i l e d  stu d y  w hich  

h a s y e t  been  made o f  th e  r e la t io n s h ip  b etw een  nem atodes and e p ip h y te s  on 

a m a r in e  a lg a ;  s e v e r a l  p r e v io u s  w orkers h a v e  su g g e s te d  th a t  su ch  a stu d y  

w ou ld  be u s e f u l  ( e . g .  O t t ,  1967; W arwick, 1 9 7 7 ) .  T here has o n ly  been  on e  

p r e v io u s  s e a s o n a l  s tu d y  o f  an a lg a l  nem atode fa u n a  (W arwick, 1 9 7 7 ) .

C h ap ter 5 d e s c r ib e s  ex p er im en ts  to  i n v e s t i g a t e  f e e d in g  by th e  nem atode 

M on h ystera  d is .ju n c ta , w h ich  appeared  t o  be th e  s p e c i e s  m ost c l o s e l y  

a s s o c ia t e d  w ith  th e  a rea s  o f  d ecom posin g  t i s s u e ,  on b a c t e r ia  i s o l a t e d  from  

L . s a c c h a r in a  f r o n d s .  Such a s p e c t s  a s  f e e d in g  r a t e s ,  g u t  r e t e n t io n  tim e s  

and s e l e c t i v e  f e e d in g  a r e  c o n s id e r e d .

C h a p ter  6  d e s c r ib e s  a f i e l d  e x p er im en t on th e  d e c o m p o s it io n  o f

L . s a c c h a r in a  p la n t s  a t ta c h e d  below  th e  p h o t ic  zon e t o  a l i n e  ru n n in g  a lo n g
*

t h e  b o tto m . The r a t e  o f  t i s s u e  l o s s  was m easured , and ch a n g es in  th e  

e p ip h y te s  and nem atodes w ere m o n ito red . The seco n d  p a r t  o f  t h i s  c h a p te r  

c o n c e r n s  a p r e lim in a r y  a ttem p t to  m easure d eco m p o sitio n  r a t e s  in  th e  

la b o r a to r y  u s in g  a r e s p ir o m e tr ic  t e c h n iq u e .
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CHAPTER 2

THE FIELD STUDY : THE STUDY AREA ; THE BIOLOGY OF 
LAMINARIA SACCHARINA POPULATION ; SAMPLING STRATEGY

I
| 2 . 1 .  THE STUDY AREA

2 . 1 . 1 .  The C ly d e  S ea  a rea  -  g e n e r a l p h y s ic a l  f e a t u r e s  ( F ig .  2 . 1 . ) .

B a th y m etry ; s u r fa c e  sed im e n ts ;  s o l i d  g e o lo g y . The s h a llo w  drowned

e s t u a r y  o f  t h e  C ly d e  e n te r s  th e  area  a t  th e  NE c o r n e r  and ru n s in t o  a sy s te m  

o f  s t e e p - w a l l e d ,g l a c i a l l y  deep en ed  tr e n c h e s  s e p a r a te d  by s h a llo w  s i l l s .

S o u th  o f  A rran i s  a r e l a t i v e l y  s h a llo w , r e l a t i v e l y  l e v e l  p la t e a u  w hich  form s
!

| a s i l l  o v er  w h ich  w a ter  m ust p a ss  t o  ex ch a n g e betw een  th e  d eep er  a r e a s  t o  

th e  n o r t h  and s o u th . The bathym etry i s  d is c u s s e d  in  B arn es and G oodley (1 9 7 1 )  

and D eeg a n  e t  a l  (1 9 7 3 ) ,  b o th  o f  w hich  in c lu d e  b a th y m etr ic  c h a r t s .  The 

d i s t r i b u t i o n  o f  s u r fa c e  sed im en ts  i s  l a r g e l y  c o n t r o l l e d  by b ath ym etry .

D eegan e t  _al̂  (1 9 7 3 )  r e c o g n iz e d  th r e e  m ajor f a c i e s :  th e  C o a rse  L i t t o r a l  

F a c ie s *  th e  T r a n s i t io n a l  F a c ie s ,  and th e  Deep S i l t y  C la y  F a c ie s ,  and 

d is c u s s e d  in  d e t a i l  t h e i r  c h a r a c te r  and d i s t r i b u t i o n .  The H igh lan d  Boundary 

F ault; ru n s  th ro u g h  th e  a r e a  a lo n g  a c o u r s e  w h ich  i s  in  p a r t  u n c e r t a in .

| D a lr a d ia n  r o c k s  o u tcro p  g e n e r a l ly  t o  th e  n o r th  o f  th e  f a u l t ,  w h ile  to  th e  

s o u th  a r e  m a in ly  Old Red S a n d sto n e , and C a r b o n ife r o u s  la v a s ,  m udstones 

and s a n d s t o n e s .  T e r t ia r y  s i l l s ,  v e n t s ,  dykes and la r g e r  in t r u s io n s  a re  

num erous.

W ater m ovem ents. H ydrographic s t u d ie s  in c lu d e  th o s e  by B arnes

and Gotodley ( 1 9 6 1 ) ,  J oh n ston  e t  a l  (1 9 7 4 ) and D o o ley  (1 9 7 9 ) .  The fr e sh w a te r  

in p u ts  p r i n c i p a l l y  from th e  R iv e r s  C ly d e  and L ev en , i s  sm a ll r e l a t i v e  

t o  the* volum e o f  th e  F ir t h .  The s i l l  in  th e  s o u th  s e p a r a te s  th e  F ir th
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from tlh e v er y  s tr o n g  t i d a l  s trea m s o f  th e  N orth  C h a n n e l, and t i d a l  strea m s  

w it h in  t h e  F ir th  a re  g e n e r a l ly  lo w , though r a th e r  f a s t e r  in  th e  n a rro w er , 

s h a l lo w e r  s e c t i o n s  in  th e  n o r th . The r e s u l t i n g  low  l e v e l s  o f  tu r b u le n c e  

and m ix in g  g iv e  r i s e  to  a p a tch y  and v a r ia b le  w a te r  s t r u c t u r e  w ith  la r g e  

v e r t i c a l  and h o r iz o n ta l  d e n s it y  g r a d ie n t s .  T his d e n s i t y  d i s t r i b u t i o n  

I i n t e r a c t s  w ith  w in d -d r iv e n  flo w s  t o  g iv e  a com plex and v a r ia b le  p a t te r n
l
; o f  w a t e r  m ovem ents.
[
i

S

j S a l i n i t y ;  tem p era tu re . B arnes and G ood ley  (1 9 6 1 ) sum m arized

j s u r f a c e  s a l i n i t y  d a ta  fo r  K ep pel P ie r ,  M il lp o r t  f o r  th e  y e a r s  1 9 4 9 -1 9 5 3 .
i
| The g ra n d  mean s a l i n i t y  was 32.10%* , th e  m onths w ith  th e  lo w e s t  and 

; h i g h e s t  o v e r a l l  means b e in g  Jan uary and J u n e , w ith  31.26% *and 32.98%* 

r e s p e c t i v e l y .  The e f f e c t  o f  r a i n f a l l  on s u r f a c e  s a l i n i t y  was g r e a t e s t  in  

th e  siummer m on th s. J o h n sto n  et^ j i l  (1 9 7 4 ) found t h a t  in  A p r il  1 970 , 

s a l i n i t y  a t  3m d ep th  ranged  from 31.5%* a t  th e  mouth o f  th e  R. C ly d e  to  

33 . 74%*n ea r  th e  M ull o f  K in ty r e ,  w ith  3 3 .2  -  33.5%«>over much o f  th e  F ir th .

| V a lu e s  i n  th e  same range w ere found by D ooley  ( 1 9 7 9 ) .

I B a rn es (1 9 5 9 )  summarized s u r f a c e  s e a  tem p era tu re s  a t  M il lp o r t  f o r  th e
i

| y e a r s  1 9 4 9 -1 9 5 8 . The month w ith  th e  lo w e s t  t e n - y e a r  mean was M arch, w ith
f
! o  o6 .7 6  C , th e  month w ith  th e  h ig h e s t ,  A u g u st, w ith  1 3 .3 9  C. D ata f o r

1959—1 9 7 9  a r e  sum m arized by Moore ( i n  p r e s s ) ;  some tem p era tu re -d ep th

p r o f i l e s  a r e  g iv e n  by D oo ley  ( 1 9 7 9 ) .

N u t r ie n t  l e v e l s . J o h n sto n  e t  a l  (1 9 7 4 ) r e co rd ed  n i t r a t e  l e v e l s  o f  

5 -1 1  p g - a t  NOg-N I” * o v e r  much o f  th e  F ir t h  in  M arch -A p ril 1970 . L e v e ls  

w ere h ig h e r  (1 2 -1 6  p g -a t  NO3 -N 1 S  i n  th e  w a te rs  o f  s a l i n i t y  33% in  th e  

u p p er F i r t h ,  and much h ig h e r  (12 -6 5  pg^-at NO^-N I"1) in  th e  I r v in e  Bay 

a rea  w h ere  i n d u s t r i a l  e f f l u e n t s  a re  d is c h a r g e d . Even th e  lo w e s t  o f  th e s e  

l e v e l s  i s  somewhat h ig h e r  th an  i s  u s u a l ly  found in  s u r f a c e  w a te r s .
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2 . 1 . 2 .  The s tu d y  s i t e

The W ish in g  W ell ( g r id  r e f .  1835 5 6 , OS 1 :5 0 0 0 0  F i r s t  S e r ie s  s h e e t  63) 

i s  a n  th e  E a st  c o a s t  o f  G reat Cumbrae I s la n d ,  1 .5  km n o rth  o f  th e  M arine  

S t a t i o n  ( F ig .  2 . 2 . ) .  A sm a ll strea m  runs down th e  s h o r e . A p r o f i l e  o f  

th e  b ea ch  i s  shown in  F ig .  2 . 3 .  A g e n t ly  s lo p in g  ro ck y  p la tfo r m  ru n s  

from  +-3.3m to  -0 .8 m  ( h e ig h t s  ab ove C h art Datum ). The bedrock i s  O ld Red 

S a n d s to n e  and on th e  p la t fo r m  t h i s  i s  o v e r la in  w ith  s to n e s  w h ich  on th e  

W entw orth  s c a l e  ( s e e  Buchanan and K a in , 1971) f a l l  i n t o  th e  c a t e g o r i e s :  

p e b b l e s ,  c o b b le s  and b o u ld e r s .  T h ere a re  b o u ld e r s  o f  up t o  70x60x40cm  

a t  a l l  l e v e l s  on th e  p la t fo r m , and la r g e r  on es o f  up to  150x130x120cm  

on t h e  u p p er p a r t .  M ost o f  th e s e  s to n e s  a re  O ld Red S an d ston e  b u t a  few  

a r e  b a s a l t ,  p ro b a b ly  from th e  n earb y  d y k e s . The p la t fo r m  en d s w ith  a  

s t e e p  rock  and b o u ld e r  s lo p e  d ro p p in g  from - 0 . 8  t o  -2 .7 m  in  a h o r iz o n ta l  

d i s t a n c e  o f  3m, B elow  t h i s  i s  a  lo n g  sandy s lo p e  w h ich  c o n t in u e s  down to  

-2 8 m , th e  lo w er  l i m i t  o f  o b s e r v a t io n s  made by d iv in g .  There a r e  a few  

b o u ld e r s  l y i n g  on th e  sand im m e d ia te ly  below  th e  s t e e p  rocky s l o p e .  The 

maximum d ep th  o f  t h i s  p a r t  o f  th e  L args Channel ( a  g l a c i a l l y  d eep en ed  

t r o u g h ,  s e e  ab ove) i s  50m.

A t th e  so u th  s i d e  o f  th e  b each  a  ro ck y  o u tc r o p , th e  B u t te r  Lump, 

r i s e s  from  t h e  lo w er  p a r t  o f  th e  p la t fo r m . I t  i s  j u s t  c o v e r e d  a t  HWS and 

i s  c o n n e c t e d  t o  th e  r e s t  o f  th e beach  a t  LW. I t s  o u te r  s i d e  i s  s t e e p  and 

has n o  b o u ld e r s ,  and i n s i d e  i t  i s  a  s m a ll  p a tch  o f  muddy g r a v e l ly  sand  

w ith  s c a t t e r e d  b o u ld e r s .  W hile th e  w h o le  c o a s t l i n e  o f  G rea t Cumbrae, 

e x c e p t  f o r  F arlan d  P o in t  ( F i g .  2 . 2 . ) ,  i s  f a i r l y  s h e l t e r e d  from wave a c t io n ,  

th e  B u t t e r  Lump p r o v id e s  a d d i t io n a l  s h e l t e r  fo r  th e  l i t t o r a l  and s h a llo w  

s u b l i t t o r a l  a t  th e  W ish in g  W ell.
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FIG . 2 . 2 . Map o f  G reat Cum brae, sh o w in g  th e  s tu d y  s i t e  ( t h e  W ish in g  
W ell) and. o th e r  s i t e s  m en tion ed  in  th e  t e x t .



I

FIG. 2 . P r o f i l e  o f  th e  b each  a t  th e  W ishing 1 W e ll , showing: 
p o s i t io n  o f  th e  main a l g a l  z o n e s .

c .JD l «• CMtrr f ^ T a r i .
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Z o n a tio n  o f  th e  a lg a e . The z o n a t io n  o f  th e l i t t o r a l  a lg a e  down

th e  c e n t r e  o f  t h e  beach  i s  t y p i c a l  o f  th a t  s e e n  on b o u ld er  s h o r e s  on 

G reat Cumbrae. The dom inant s p e c i e s  a re  P e l v e t i a  c a n a l ic u la t a  ( L .)  Dene, 

e t  T h u r ., Fucus s p i r a l i s  L . , A scophyllum  nodosum (L .)  Le J o l . ,

G ig a r t in a  s t e l l a t a  (S ta c k h . i n  W ith .) B a t t . , F . v e s ic u lo s u s  L . and 

F . s e r r a tu s  L . ,  and th e  p o s i t io n s  o f  t h e i r  zo n e s  a re  in d ic a t e d  in  F ig .  2 . 3 .  

The a lg a e  a re  more o r  l e s s  c o n f in e d  t o  th e  bed rock  and th e  l a r g e r  b o u ld e r s ,

and th e  o v e r la p  o f  zo n es shown in  F ig .  2 . 3 .  o c c u r s  b eca u se  th e  b o u ld ers

p r o v id e  a  c o n s id e r a b le  ra n g e  in  h e ig h t  a t  one l e v e l  on th e b ea ch . Green  

a lg a e ,  m ain ly  Enterom orpha s p p . , grow in  s m a ll  amounts w here th e  stream  

f lo w s  o v er  th e  u pper s h o r e .

The k e lp  zo n e  was the s i t e  o f  t h i s  s tu d y . At +0,4m  th e r e  i s  a  

narrow  b e l t  o f  L a m in a r ia  d i g i t a t a  (H u d s .)  Lamour. From h ere  to  th e bottom  

o f  th e  b o u ld er  s lo p e  ( -2 .7 m )  th e  zo n e  i s  dom inated  by L . s a c c h a r in a , w ith  

s m a ll  amounts o f  D e sm a r e s t ia  a c u le a ta  ( L . )  L am our., Chorda f i lu m  ( L .)  S ta ck h .  

and S a c c o r h iz a  p o ly s c h id e s  ( L i g h t f . )  B a t t .  V a r io u s s m a lle r  a lg a e  (m a in ly  

R hodophyceae) grow b en ea th  th e  la m in a r ia n  can op y . A few  L . s a c c h a r in a

p la n t s  grow on th e  b o u ld e r s  a t  th e  to p  o f  th e  sandy s lo p e .  F u rth er  down

th e  s lo p e  i s  a zo n e  dom inated  by th e  b r i t t l e  s t a r  O phiocom ina n ig r a  

(A b ild g a a r d ) and th e  burrow ing anemone C er ia n th u s  l l o y d i  G o sse .

A d i f f e r e n t  p a t te r n  o f  z o n a tio n  i s  s e e n  on th e  o u te r  s i d e  o f  th e  

B u tte r  Lump w hich  r e f l e c t s  i t s  s l i g h t l y  g r e a t e r  ex p o su re  t o  wave a c t io n .

In  p a r t i c u l a r ,  th e  mid sh o r e  has a  broad zo n e  w ith  a m osa ic  o f  green  a lg a e  

( s p e c ie s  o f  Enterom orpha and U lv a ) , th e  r e d  a lg a e  G ig a r t in a  s t e l l a t a  

and Porphyra s p . , th e  m u sse l M y tilu s  e d u l i s  L . ,  and th e  b a r n a c le  

B alanu s b a la n o id e s  ( L . ) .  Betw een t h i s  m o sa ic  and th e  L . d i g i t a t a  b e l t  

i s  a  zo n e  w ith  P a lm a ria  p a lm a ta  (L .)  0 .  K un tze (=  Rhodymenia palm ata) 

and a l i t t l e  F . s e r r a t u s .
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2 . 2 .  BIOLOGY OF THE L. SACCHARINA POPULATION

2 . 2 . 1 .  Age s t r u c t u r e . The p o p u la t io n  was f i r s t  su rv ey e d  in  O ctob er 1 9 7 8 .

O
The p la n t s  from s e v e r a l  lm q u a d ra ts w ere h a r v e s te d  and b rou gh t back t o  th e  

la b o r a to r y  fo r  m ea su r in g  and a g e in g . P la n t s  w ere aged by c o u n t in g  th e  dark  

z o n es  v i s i b l e  in  lo n g i t u d in a l  s e c t io n s  o f  th e  h o ld f a s t  and th e  b a s a l p a r t  

o f  th e  s t i p e  (P a r k e , 1 9 4 8 ) .  The s h a llo w e r  p a r t  o f  th e  L . s a c c h a r in a  zon e  

from + 0 .1  t o  -0 .3 m , was p o p u la te d  la r g e l y  by 0 - c la s s  (1 9 7 8 ) sp o r o p h y te s ,  

w h ile  m ost o f  th e  p la n t s  from -0 .4 m  t o  -0 .8 m  w ere 1 - c la s s  (1 9 7 7 )  p la n t s .  

(T a b le  2 . 1 . ) .

SHALLOW ZONE DEEP ZONE

Q uadrat A B C D E F

1977 p la n t s 0 1 4 7 2 9

1978 p la n t s 18 1 1 15 2  0  2

TABLE 2 . 1 . Numbers o f  L . s a c c h a r in a  p la n t s  o f  d i f f e r e n t
y e a r -g ro u p s  in  lm2  q u a d ra ts  from th e  s h a llo w e r  and 
d eep er  p a r ts  o f  th e  L. s a c c h a r in a  zon e in  O cto b er  1 9 7 8 .

T here was some o v e r la p ,  o r  an i r r e g u la r  boundary b etw een  th e  two 

z o n e s . The d i f f e r e n c e  b etw een  th e  z o n e s  p e r s i s t e d  th ro u g h o u t th e  stu d y  

p e r io d . The 1977 p la n ts  d id  n o t  s u r v iv e  th e  1 9 7 8 /1 9 7 9  w in t e r ,  so  th a t  in  

th e  s p r in g  and summer o f  1979  th e  dom inant p la n t s  in  th e  d e e p e r  zone w ere  

1979 p la n t s .  Many o f  th e  1978 p la n ts  in  th e  s h a llo w e r  zo n e  d id  s u r v iv e  

th e  1 9 7 8 /1 9 7 9  w in te r ,  and t h i s  y ea r -g ro u p  a g a in  dom inated th e  zon e in  1 9 7 9 . 

Many o f  th e  1979 p la n t s ,  b u t a p p a r e n tly  none o f  th e 1978 p l a n t s ,  su r v iv e d  th e  

1 9 79 /1980  w in t e r .  L . s a c c h a r in a  a t  th e  W ish in g  W ell th u s  ap p eared  t o  have  

a 2 y ea r  maximum l i f e s p a n ,  and p la n t s  o f  th r e e  y e a r -g r o u p s , 1 9 7 7 , 1978 and 

1 979 , w ere in v o lv e d  in  th e  s tu d y .
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2 . 2 . 2 .  Growth o f  p la n t s  o f  th e  d i f f e r e n t  y e a r -g r o u p s

1977 p la n t s . In  O ctob er 1978 t h e s e  w ere a t ta c h e d  t o  th e  bedrock  

or to  l a r g e  b o u ld ers  ( t h o s e  w ith  b a se s  > 50x50cm ) r a th e r  than  to  sm a ll  

s t o n e s .  The fro n d s w ere m o stly  20-50cm  lo n g  and 16-20cm  w id e , th u s

f a l l i n g  o u t s id e  th e  le n g th -w id th  cu rv e  o f  1978 p la n ts  in  t h i s  month. By

January 1979 m ost o f  th e s e  p la n t s  had b een  redu ced  t o  b a re  s t i p e s ;  a

few  r e ta in e d  rem nants o f  fro n d  up to  12cm lo n g .  T hese 1977 p la n ts  d id  

n o t  r e g e n e r a te  t h e i r  fr o n d s  in  th e  s p r in g  o f  1979 and th e  s t i p e s  s lo w ly  

r o t t e d ,  f i n a l l y  d is a p p e a r in g  in  th e  autumn o f  1 979 , some h a v in g  ser v ed

a s a su b stra tu m  fo r  th e  s e t t le m e n t  o f  1979 p la n t s .

1978 p l a n t s . In  O cto b er  1978 t h e s e  w ere a tta c h e d  m a in ly  to  

b o u ld e r s , b u t some to  s m a l le r  s t o n e s .  The p la n t s  ranged in  le n g th  from  

9cm to  140cm and in  w id th  from 2 to  20cm . By January 1979 a l l  th e  s m a lle r  

p la n ts  and many o f  th e  l a r g e r  had been  l o s t  and th e  re m a in in g  p la n t s  had 

been  redu ced  i n  s i z e ,  th e  l o n g e s t  found b e in g  90cm lo n g  and 15cm w id e .

Most o f  t h e s e  p la n t s  had l o s t  th e  w in g  and d im pled  t i s s u e  from the a p ic a l  

p a r t  o f  th e  fr o n d , g iv in g  a narrow  s t r a p - l i k e  t i p  ( s e e  F ig .  3 . 1 . ) .  The 

p la n ts  s t a r t e d  t o  grow r a p id ly  in  F ebruary 1 9 7 9 , th e new t i s s u e  b e in g  

much b road er th an  the w in te r  fron d  w h ich  rem ained  a tta c h e d  t o  i t .  In  

March 1979 th e  new t i s s u e  was 50-60cm  lo n g  and 20-25cm  w id e ,  and th e  

t o t a l  fro n d  le n g th  was 100-130cm . By May 1979 th e  w in te r  fr o n d s  w ere  

b e in g  l o s t  from th e  t i p s  and th e  fro n d s w ere  120-150cm  lo n g  and ^30cm  

w id e . By J u ly  th e  fro n d s w ere up t o  200cm lo n g  and 40cm w id e . In  

Septem ber th e  fro n d s w ere s t i l l  lo n g  b u t showed c o n s id e r a b le  damage, w ith  

la r g e  p o r t io n s  m is s in g  from th e ed g es in  s e v e r a l  p la c e s .  O ver th e  n e x t  

th r e e  months th e  damage in c r e a s e d  and th e  fr o n d s  to r e  th ro u g h . By 

January 1980 m ost o f  th e  1978 p la n ts  had been  redu ced  t o  b a re  s t i p e s ,

and none had fro n d s lo n g e r  th a n  15cm. T h ese  p la n ts  showed no frond  

r e g e n e r a t io n  in  1980 .
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1979 p la n t s . New sp o ro p h y tes  b egan  to  appear in  l a t e  March 1 9 7 9 .

T hese w ere l-2 cm  lo n g  when f i r s t  n o t ic e d  and seemed to  be a t ta c h e d  

in d i s c r im in a t e ly  to  b o u ld e r s ,  p e b b le s  and th e  s t ip e s  o f  o ld e r  p la n t s .

More sp o r o p h y te s  c o n t in u e d  to  appear u n t i l  Septem ber. Growth in  th e  

s p r in g  was r a p id , th e  e a r l i e s t  sp o r o p h y te s  r e a c h in g  40cm lo n g  and 7-8cm  

w id e i n  May and up t o  100cm lo n g  and 20cm w id e  by J u ly .  Growth th en

slo w ed  and by Septem ber t h e  fro n d s showed some damage w h ich  in c r e a s e d

th rou gh  th e  w in t e r .  D u rin g  th e  w in te r  m ost o f  th e  s m a l le r ,  la t e r -d e v e lo p e d

p la n t s  w ere l o s t ,  a s  w ere t h e  p la n t s  w h ich  had d ev e lo p ed  on p e b b le s  o r  on

th e  s t i p e s  o f  o th e r  p la n t s .  In  January 1980 m ost o f  th e  rem a in in g  p la n t s  

w ere o n ly  40-80cm  lo n g ,  and some as l i t t l e  a s  5cm,

2 . 2 . 3 .  Growth r a t e s

The way in  w h ich  a L a m in a r ia  p la n t  grows was d e s c r ib e d  in  C h a p ter  1 .  

Some in fo r m a tio n  on th e  r a t e s  o f  b a s a l  grow th i n  L . s a c c h a r in a  a t  th e  

W ish in g  W ell ca n  be d e r iv e d  from th e  o b s e r v a t io n s  on frond  le n g th s  

p r e s e n te d  a b o v e . 1979 p la n t s  w h ich  appeared  i n  March had rea ch ed  50-60cm  

by May and 100cm by J u ly .  L i t t l e  a p ic a l  d ecom p osin g  t i s s u e  was p r e s e n t  

i n  th e s e  f i r s t  few  months o f  grow th  ( s e e  s e c t i o n  3 . 3 . )  w h ich  s u g g e s t s  

t h a t  d i s t a l  t i s s u e  l o s s  was m in im a l. The r a t e  o f  b a s a l  growth was

t h e r e f o r e  0 . 8 - 1 . 0cm day * o v e r  t h i s  p e r io d . The grow th r a t e  o f  1978

p la n t s  i n  th e  s p r in g  o f  1979 c o u ld  be o b serv ed  d i r e c t l y  by f o l lo w in g  th e

j u n c t io n  o f  new and o ld  fr o n d s , w h ich  was marked by an ab ru pt ch an ge in

fr o n d  w id th . The r a t e  was 1 . 0 - 1 . 5cm day 1 , r a th e r  h ig h e r  th an  in  th e  

1979 p la n t s .

The punched h o le  method in tr o d u c e d  by P arke (1 9 4 8 ) and su b se q u e n tly  

u se d  in  a  number o f  o th e r  s t u d ie s  ( e . g .  Mann, 1972a; Johnston e t  a l  1977; 

Chapman and C r a ig i e ,  1978) can  r e v e a l  th e  r a t e s  o f  b a s a l  grow th and d i s t a l  

t i s s u e  l o s s  a t  a l l  t im e s  o f  y e a r .  A h o le  i s  punched in  th e  frond  ab ove  

th e  m er istem , a t  a known d is t a n c e  from t h e  fron d  b a s e ,  and a t  i n t e r v a l s  

t h e r e a f t e r  th e  t o t a l  fro n d  le n g th  and th e  new d is t a n c e  o f  th e  h o le  from
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th e  fr o n d  b a se  a r e  m easured . When th e  h o le  ap proach es th e  fron d  t i p  a 

new h o le  i s  punched ab ove th e  m er istem .

I f :  l cm = fro n d  le n g t h  a t  tim e  z e r oo

] cm = fro n d  le n g th  a t  t im e  t  d ays

X cm = d is t a n c e  o f  h o le  from b a s e  a t  tim e  z e r oo

X cm = d is t a n c e  o f  h o le  from b a se  a t  tim e  t  days
v

-1
G cm day = mean d a i l y  r a t e  o f  b a s a l  grow th from tim e  z e r o  t o

D cm day * = mean d a i l y  r a t e  o f  d i s t a l  l o s s  from tim e  z e r o  to

tim e t  d ays

mean d a i l y  : 
t im e  t  days

X+ -  X_ th en  G = z  °
t

and D = ( + G

Parke (1 9 4 8 ) found th a t  a l l  p r o d u c tio n  o f  new t i s s u e  o cc u r red  

w ith in  10cm o f  th e  fro n d  b a s e .  In  th e  p r e s e n t  s t u d y ,h o le s  w ere punched  

15cm above th e  b a se  t o  en su r e  t h a t  th e  m eristem  w ould n o t be dam aged. A 

15cm le n g th  o f  1 cm d ia m e te r  b r a ss  p ip in g  w ith  on e end sh arp en ed  t o  form  

a c u t t i n g  ed g e  was u se d  t o  make th e  h o le s ,  and punched p la n ts  w ere marked 

by t y in g  around th e  s t i p e  a la r g e  (25x15cm ) l a b e l  c u t  from a s h e e t  o f  

f l e x i b l e  w h ite  p l a s t i c .  E ig h t  1978 p la n t s  in  th e  s h a llo w  zon e w ere  

punched in  May 1 9 7 9 . Some o f  th e s e  w ere l a t e r  damaged o r  l o s t  and fu r t h e r  

p la n t s  w ere punched to  r e p la c e  them . O b se r v a tio n s  on th e  p la n ts  w ere  

r a th e r  sp o r a d ic  b u t th e  r e s u l t s  a re  c o n s i s t e n t  w i t h in  th em se lv es  and w ith  

th e  r a t e s  e s t im a te d  above (T a b le  2 . 2 . ) .

Growth r a t e s  in  th e  p e r io d  M ay-July d id  n o t vary much from p la n t  to  

p la n t  and ranged  from 1 .0  t o  1.8cm  day * . D i s t a l  l o s s  in  th e  same p e r io d  

was 0 . 2 - 1 . 9cm day * . From J u ly  onwards grow th  r a te s  w ere lo w e r , 0 . 5 - 0 . 7cm 

day * in  J u ly -A u g u s t  and 0 . 1 - 0 . 4cm day * in  A ugust-D eeem ber. In  th e
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PLANT INITIAL DATE FINAL DATE
lo It G D

A 2 7 . 4 1 2 . 6 110 136 1 .4 0 . 8
1 2 . 6 2 3 . 7 136 168 1 . 0 0 . 2
2 3 . 7 4 . 9 168 153 0 . 7 1 .1

B 2 7 . 4 1 2 . 6 220 205 1 . 6 1 . 9

C 2 7 . 4 1 2 . 6 105 137 1 . 7 0 . 9
1 2 . 6 2 3 . 7 137 172 1 .1 0 . 3

D 2 7 . 4 1 2 . 6 150 142 1 .1 1 . 3

E 2 7 . 4 1 2 . 6 125 181 2 . 0 0 . 7

F 2 7 . 4 2 3 . 7 220 231 0 . 8 0 . 7
2 3 . 7 4 . 9 231 197 0 . 5 1 . 3

4 . 9 2 3 . 1 0 197 81 0 . 3 2 . 2

G 2 3 . 7 4 . 9 183 155 0 . 6 1 . 2  .
4 . 9 2 3 . 1 0 155 94 0 . 2 1 . 4
4 . 9 2 3 . 1 0 174 60 0 . 3 2 . 5
4 . 9 2 3 . 1 0 132 62 0 . 4 1 . 7

TABLE 2 . 2 . R e s u lt s  o f  punched h o le  m easurem ents o f  b a s a l
grow th and d i s t a l  t i s s u e  l o s s .  A l l  d a te s  r e f e r  
to  1 9 7 9 .
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autumn d i s t a l  t i s s u e  l o s s  was r a p id , and th e  r a te  o f  l o s s  v a r ie d  

c o n s id e r a b ly  among: th e  p l a n t s ,  presum ably b eca u se  la r g e  p ie c e s  o f  

t i s s u e  w ere l o s t  a t  i r r e g u la r  i n t e r v a l s  when th e  fr o n d s t o r e  througtfi.

2 . 2 , 4 .  P o p u la t io n  d e n s i t y

No a ttem p t was made to  m easure a c c u r a te ly  th e  d e n s it y  o f  th e

L , sa c c h a r in a  p o p u la t io n . I t  i s  e v id e n t  from th e  r e s u l t s  p r e s e n te d

above th a t  th e  d e n s i t y  was s e a s o n a l ly  v a r ia b le  and th a t  th e  s p a t i a l

d i s t r ib u t io n  o f  th e  p la n t s  was n o t  random. E s t im a te s  o f  summer and

w in te r  d e n s it y  c a n  how ever b e made from o c c a s io n a l  q uad rat sam p les

ta k en  fo r  o th e r  p u r p o se s . R e s u l t s  from th e s e  a re  g iv e n  i n  T a b le  2 . 3 .

-2L a te  summer d e n s i t y  was »^50 p la n t s  m . M ost o f  th e s e  w ere

s m a ll  O -c la s s  p la n t s  w h ich  w ould  n o t  s u r v iv e  th e  f o l lo w in g  w in te r .  In

2
th e  w in te r  a b o u ld e r  o f  a rea  0 .2 5  m c a r r ie d  ab ou t 5 p la n t s .  B o u ld ers

s t a b l e  enough t o  a l lo w  w in te r  s u r v iv a l  o f  p la n t s  c o v e r e d  */»30% o f  th e

—2a rea ; w in te r  p o p u la t io n  d e n s it y  was th u s  < * 6  p la n t s  m

2 . 3 .  DISCUSSION

The W ish in g  W ell i s  to p o g r a p h ic a l ly  t y p ic a l  o f  th e  SE c o a s t  o f  

Cumbrae, and o f  much o f  th e  N p a r t o f  th e  F ir t h  o f  C ly d e , i n  th a t  th e r e  

i s  a  narrow  ro ck y  p la t fo r m  above a  s t e e p  sa n d y  s lo p e  ru n n in g  down in t o  

deep w a te r . The z o n a t io n  o f  th e  l i t t o r a l  a lg a e  on th e  main p a r t  o f  th e  

beach i s  t y p i c a l  o f  f a i r l y  s h e l t e r e d  s i t e s  w ith in  t h i s  g e n e r a l ly  

s h e l t e r e d  r e g io n ;  th e  strea m  ap pears t o  h a v e  a  s i g n i f i c a n t  e f f e c t  o n ly  

on th e  upp er s h o r e .

A k e lp  z o n e  dom inated  by L . s a c c h a r in a  below  a  narrow f r in g e  o f  

L . d i g i t a t a  i s  a l s o  t y p ic a l  o f  th e  In n er  F ir t h .  Round much o f  B r i t a in  

L . s a c c h a r in a  i s  ou tcom peted  in  t h i s  zon e by L . h yp erb orea  (G unn .) F o s l . , 

w h ich  form s a d e n se  p e r e n n ia l  f o r e s t  (K a in , 1 9 7 5 ) .  The u s u a l ou tcom e o f  

c o m p e t it io n  se^m s to  b e  r e v e r s e d  in  tw o s i t u a t i o n s :  on u n s ta b le  s u b s t r a t a ,
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MONTH ZONE QUADRAT
SIZE

NO. OF 
PLANTS REMARKS

O ctob er 1978 s h a llo w i * 2 18
1 2

19

d eep lm2 9
2

1 1

January 1979 sh a llo w (£m ) 2 5
1 2

1 0

3

d eep (£m ) 2 1 o n ly  p la n t s  w ith  some
2 frond  l e f t  a re  in c lu d e d

March 1979 sh a llo w ( ^m) 8 tak en  o v er  b o u ld er
5 none betw een
9 f t  t t  f t

deep (*m ) 2 0 o n ly  p la n t s  w ith  fro n d
0 l e f t  in c lu d e d
1 t t  t t  t t

May 1979 sh a llo w (£m ) 2 14 b o u ld er  and p e b b le s
6 p e b b le s

23 b o u ld er  and p e b b le s

deep (£m ) 2 25 a l l  young p la n t s
7 t t  t t  t t

J u ly  1979 sh a llo w (£m ) 2 14 p e b b le s • you ng  p la n ts
5 b o u ld er

January 1980 sh a llo w (£m ) 2 4 b o u ld ers
0 b o u ld ers

deep (£m ) 2 9
7

TABLE 2 . 3 ,  Q uadrat c o u n ts  o f  L . s a c c h a r in a  p la n t s .
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and i n  m ore s h e l t e r e d  s i t e s  (K a in , 1 9 6 2 ) . L . s a c c h a r in a  i s  s u c c e s s f u l  

on u n s t a b le  s u b s t r a t a  p ro b a b ly  b eca u se  i t s  f l e x i b l e  s t i p e  p ro d u ces l e s s  

l e v e r a g e  on th e  su b stra tu m  th an  th e  r i g i d  s t i p e  o f  L. h y p erb o rea . Around 

much o f  Cumbrae e v e n  th e  b ed rock  c a r r i e s  L . s a c c h a r in a , and s o  s h e l t e r  

i s  p r o b a b ly  th e  im p o rta n t f a c t o r .  T h is  i s  co n fir m e d  by th e  o c c u r r e n c e  

o f  L . h y p e r b o r e a  in  th e  m ost ex p o sed  s i t u a t i o n s  i n  th e  a r e a , i . e .  i n  th e  

u pper p a r t  o f  th e  k e lp  zon e a t  s i t e s  su ch  as F arlan d  P o in t ,  G rea t Cumbrae

! and G u l l  P o in t ,  L i t t l e  Cumbrae (K a in , 1962 and p e r s o n a l o b s e r v a t io n s ) .  

T here I s  no o b v io u s  e x p la n a t io n  fo r  th e  s u c c e s s  o f  L . s a c c h a r in a  in  

s h e l t e r e d  c o n d i t io n s ;  L . h y p erb o rea  can  grow ev en  i n  v ery  s h e l t e r e d  

s i t u a t i o n s ,  w here i t  may assum e th e  n o n - d ig i t a t e  form  L . h y p erb o rea  

f .  c u c u l l a t a  (S v en d sen  and K a in , 1 9 7 1 ) , b ut i t s  grow th  in  su ch  h a b i t a t s  

i s  s l e w .  In  th e  a b sen ce  o f  v ig o r o u s  w a ter  m ovem ents, th e  r a t e  o f  u p ta k e
ii
| o f  d i s s o l v e d  n u t r i e n t s  m igh t l i m i t  grow th . I t  c o u ld  b e th a t  u p ta k e  i s
II

more e f f i c i e n t  in  L . sa c c h a r in a  th an  in  L . h y p e rb o rea . p erh ap s b eca u se  

th e  d im p le s  i n  a  L . s a c c h a r in a  fro n d  g iv e  r i s e  t o  tu r b u le n t  f lo w  o v e r  th e  

s u r f a c e .  N i t r a t e  l e v e l s  i n  th e  F ir th  o f  C ly d e  m igh t b e  to o  h ig h  to  

l i m i t  g r o w th , b u t th e  c o n c e n tr a t io n s  o f  o th e r  n u t r ie n t s  c o u ld  be l i m i t i n g .

The d e p th  t o  w h ich  L . s a c c h a r in a  e x te n d s  a t  th e  W ish in g  W ell i s  

l im ite d !  by su b str a tu m  a v a i l a b i l i t y .  On a ro p e  w h ich  was l a i d  o u t  a lo n g  

th e  b o tto m  p e r p e n d ic u la r  t o  th e  sh o r e  from - 0 . 8 m t o  -28m , sp o r o p h y te s

; d e v e lo p e d  down t o  -7m , w h ich  i s  ab out 2m b elo w  th e  lo w e s t  b o u ld e r s  l y i n g  

on t h e  sandy s l o p e .  T h is f ig u r e  o f  -7m a g r e e s  w ith  t h a t  g iv e n  by 

C lo k ie  and Boney (1 9 7 9 ) ,  who found t h a t  in  th e  C ly d e  L . s a c c h a r in a  

r e a c h e d  40% o f  th e  maximum d ep th  t o  w hich  a lg a e  grew , and th a t  in  th e  

L args C h an n el t h i s  l a t t e r  d e p th , g iv e n  by th e  lo w e r  l i m i t  o f  C o n c h o c o e lis  

( C l o k i e  and B on ey , 1980) was 16-20m below  C .D . The s e a  u r c h in  

E c h in u s  e s c u le n t u s  L . ,  though p r e s e n t  a t  th e  W ish in g  W ell ( p a r t i c u l a r l y  

on th e  s t e e p  ro c k y  s l o p e ) ,  was n o t  found in  la r g e  num bers, and s e a  u r c h in  

g r a z in g  d o e s  n o t  appear t o  c o n t r o l  th e  lo w er  l i m i t  o f  th e  L . s a c c h a r in a
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p o p u la t io n  ( c f .  J o n e s  and K a in , 1 967; K a in , 1977)„

A t th e  W ishing: W e ll ,  sp o r o p h y te s  w ere produced  from May to  S ep tem b er.

Of t h e s e ,  th e  o n ly  o n es  t o  s u r v iv e  th e  fo llo w in g : w in te r  w ere a p r o p o r t io n  

o f  t h o s e  w hich  d e v e lo p e d  e a r ly  in  th e  se a s o n  on s t a b l e  s u b s tr a ta ,  i . e .  

b ed ro ck  and la r g e  b o u ld e r s .  Summer sp o r o p h y te s  and th o s e  on u n s ta b le  

s u b s t r a t a  w ere l o s t  i n  th e  autumn and e a r ly  w in te r .  M ost o f  th e  p la n t s  

w h ic h  s u r v iv e d  t h e i r  f i r s t  w in te r  p e r s i s t e d  th rou gh  th e  fo llo w in g : summer, 

b ut i n  t h e i r  seco n d  w in t e r  th e y  s u f f e r e d  heavy damage and th e r e  was no 

r e g e n e r a t io n  in  th e  t h i r d  s p r in g .  The maximum l i f e s p a n  was th u s  tw o  

y e a r s .  T h is  a g r e e s  w e l l  w ith  th e  r e s u l t s  o f  P arke (1 9 4 8 ) who s tu d ie d  

p o p u la t io n s  in  a v a r i e t y  o f  h a b i t a t s  in  Devon and A r g y l l .  She found t h a t  

in  s h a l lo w  s u b l i t t o r a l  h a b i t a t s  sp o r o p h y te  p ro d u c tio n  c e a s e d  in  th e  

w i n t e r ,  and s p r in g  s p o r o p h y te s  d om in ated  m ost o f  h er  p o p u la t io n s  a s  a  

r e s u l t  o f  t h e i r  b e t t e r  s u r v i v a l .  E x c e p t in  v ery  s h e l t e r e d  h a b i t a t s ,  

d e p o p u la t io n  was r a p id  ev e n  among s p r in g  s p o r o p h y te s , w ith  94-97% l o s t  in  

th e  f i r s t  y e a r ,  and more th an  99% by th e  end  o f  th e  se c o n d . The s p e c i e s  

in  th e  S im p lic e s  s e c t i o n  o f  th e  gen u s L am inaria  a r e  i n  g e n e r a l s h o r t e r -  

l i v e d  th a n  th o s e  i n  th e  D i g i t a t a e .  M ost have a maximum l i f e s p a n  o f  two 

y e a r s ,  w h i l s t  L . d i g i t a t a  and L . h y p e r b o r e a . f o r  ex a m p le , ca n  l i v e  fo r  

up t o  f i v e  and e ig h t e e n  y e a r s  r e s p e c t i v e l y  ( l i t e r a t u r e  rev iew ed  by K a in , 1 9 7 9 ) .

The grow th r a t e s  o f  L . s a c c h a r in a  a t  th e  W ish in g  W ell a g re e  w e l l  

w ith  t h o s e  m easured by P a rk e (1 9 4 8 ) and J o h n sto n  e t  a l  ( 1 9 7 7 ) .  P arke (1 9 4 8 )  

s t u d ie d  b o th  l i t t o r a l  and s u b l i t t o r a l  p o p u la t io n ;  grow th  r a t e s  in  th e  

s u b l i t t o r a l  w ere h ig h e r ,  and c l o s e r  t o  t h o s e  m easured i n  t h i s  s tu d y . As 

a t  t h e  W ish in g  W e ll , grow th  was f a s t e s t  in  th e seco n d  y e a r  o f  l i f e .

In  th e  p o p u la t io n  s t u d ie d  by J o h n sto n  e t  a l  (1 9 7 7 ) ( i n  Loch C reran , A r g y ll )  

a  s e c o n d a r y  peak o f  d i s t a l  t i s s u e  l o s s ,  w h ich  was a t t r ib u t e d  to  "poor  

w a te r  c o n d i t io n s ” , o c c u r r e d  in  J u n e -J u ly .  T h is m igh t co rresp o n d  t o  th e  

i n c r e a s e  in  t i s s u e  d e c o m p o s it io n  o b se r v e d  a t  th e  W ish in g  W ell in  

A u g u st-S ep tem b er  1979 ( s e e  s e c t io n  3 . 3 . ) .  A l l  L am inaria  s p e c ie s  w h ich
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h a v e  b een  s tu d ie d  show s im i la r  s e a s o n a l  p a t te r n s  o f  gro w th , though som e, 

su ch  a s  L . h y p e rb o rea , have a more marked r e d u c t io n  o f  grow th i n  th e  

s lo w -g r o w th  p e r io d  th an  d o es  L , s a c c h a r in a . In fo r m a tio n  on p h o to s y n th e s is  

and r e s p i r a t io n  r a t e s ,  th e  a ccu m u la tio n  and d e p le t io n  o f  r e s e r v e s  o f  

la m in a r a n , m a n n ito l and n it r o g e n , - t r a n s lo c a t io n ,  th e  f a c t o r s  l i m i t i n g  

g ro w th  a t  d i f f e r e n t  t im e s  o f  y e a r , e t c .  ca n  be found in  B lack  (1 9 5 0 ) ,

K a in  ( 1 9 7 6 ) ,  L u n in g  (1 9 6 9 , 1 9 7 1 , 1 9 7 9 ) ,  L u n in g  e t  a l  ( 1 9 7 3 ) ,  J o h n sto n  

e t  a l  ( 1 9 7 7 ) ,  H atch er  e t  a l  (1 9 7 7 ) ,  Chapman and C r a ig ie  (1 9 7 7 , 1978) and 

Mann ( 1 9 7 2 a ,1 9 7 9 ) , M ost o f  t h i s  l i t e r a t u r e  i s  r e v iew ed  by K ain ( 1 9 7 9 ) .

The l a r g e s t  I .  s a c c h a r in a  p la n ts  a t  t h e  W ish in g  W ell w ere th o s e  

on t h e  b o u ld e r s  a t  th e  to p  o f  th e  sandy s l o p e .  The same i s  fou n d  a t  o th e r  

s i t e s  on G reat Cumbrae, and a p o s s ib l e  e x p la n a t io n  fo r  t h i s  l i e s  in  th e  

e f f e c t s  o f  w a te r  m ovem ents. The p la n t s  g ro w in g  in  sh a llo w  w a te r  w i l l  b e  

s u b j e c t  t o  g r e a t e r  wave a c t io n  than th o s e  i n  d eep er  w a te r . Wave a c t io n  

w i l l  t e n d  t o  in c r e a s e  grow th r a t e s  by p ro m o tin g  n u t r ie n t  e x c h a n g e , b u t a t  

th e  same tim e  w i l l  ten d  to  d e c r e a s e  them by a c c e l e r a t in g  d i s t a l  t i s s u e  

l o s s  and  h en ce  d e c r e a s in g  th e amount o f  p h o t o s y n th e t ic  t i s s u e .  Parke (1 9 4 8 )  

found t h a t  r a t e s  o f  b a s a l grow th w ere lo w e r  a t  more ex p o sed  s i t e s ,  

i n d i c a t i n g  t h a t  a t  h er  s i t e s  th e  second  o f  th e s e  e f f e c t s  o u tw eig h ed  th e  

f i r s t .  T h is  may a l s o  be th e  c a s e  a t  th e  W ish in g  W ell; h ow ever, w h i l s t  

d iv i n g  i t  was n o t ic e d  th a t  th e  t i d a l  s trea m  was s tr o n g e r  b elow  th e  s t e e p  

ro ck y  s lo p e  th an  on th e  p la t fo r m . T id a l  s tr ea m s w i l l  prom ote n u t r ie n t  

ex c h a n g e  w ith o u t  h a v in g  th e  same dam aging e f f e c t  as wave a c t io n ,  and may 

a l s o  h o ld  th e  fro n d s in  th e  optimum a t t i t u d e  fo r  p h o t o s y n t h e s is .  The 

l a r g e s t  L . s a c c h a r in a  p la n t s  a re  found i n  th e  ap proach es t o  t i d a l  r a p id s  

(L e w is ,  1 9 6 4 ) .
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2 . 4 .  SAMPLING STRATEGY FOR THE EPIPHYTE AND NEMATODE STUDIES 

( a) C h o ice  o f  y e a r -g r o u p s

S in c e  a t  any on e t im e  th e  L . s a c c h a r in a  p o p u la t io n  c o n s i s t s  o f  two 

y e a r -g r o u p 3 , each  dom inant in  on e p a r t  o f  th e  k e lp  z o n e ,  th e  o p p o r tu n ity  

was ta k e n  to  sam ple s e p a r a t e ly  ea ch  y ea r -g ro u p  from w ith in  i t s  z o n e .  

T h is  m eant th a t  sam p les w ere ta k e n  as f o l lo w s ,  T a b le  2 . 4 ,

JANUARY MARCH MAY JULY SEPTEMBER NOVEMBER JANUARY
1979 1979 1979 1979 1979 1979 1980

SHALLOW 1978 1978 1978 1978 1978 1978 1978

DEEP 1977 1977 1979 1979 1979 1979 1979

TABLE 2 . 4 .  Y e a r -g ro u p s  o f  L . s a c c h a r in a  u sed  in  th e  sam p lin g 1 

programme in  d i f f e r e n t  m onths.

P la n t s  grow in g  on th e  b o u ld e r s  a t  th e  to p  o f  th e  sandy s lo p e  w ere  

n o t  in c lu d e d .  T h ese form ed o n ly  a  sm a ll p a r t  o f  th e  t o t a l  L . s a c c h a r in a  

b io m a s s , and th ey  grew la r g e r  th a n  th e  o th e r  p la n t s  ( s e e  s e c t io n  2 . 3 . )  

and w ere  t h e r e f o r e  a t y p i c a l .

(b )  S e l e c t io n  o f  p la n t s  w ith in  a y e a r -g r o u p

To o b ta in  a r e p r e s e n t a t iv e  sam p le by c a r r y in g  o u t  a  random sa m p lin g  

programme fo r  e^ ch  y e a r -g r o u p  w ould  have meant ex a m in in g  many r e p l i c a t e  

p l a n t s ,  w hich  w ould h a v e  b een  b o th  tim e-co n su m in g  and u n a c cep ta b ly  

d am agin g  to  th e  s i t e .  So p la n t s  w ere c h o sen  w h ich  appeared  t o  be t y p i c a l  

o f  t h e i r  y e a r -g r o u p . In  th e  summer and e a r ly  autumn when O -c la s s  p la n t s  

o f  a  v a r ie t y  o f  s i z e s  and a g e s  w ere p r e s e n t ,  p la n t s  t y p ic a l  o f  th e  l a r g e s t  

w ere  ta k e n , fo r  two r e a s o n s :  ( i )  i t  was t h e s e  e a r ly  s p r in g  sp o ro p h y te s  

w h ic h  w ould  p e r s i s t  th rou gh  th e f o l lo w in g  w in t e r ,  ( i i )  th e s e  l a r g e r  p la n ts
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made up m ost o f  th e  b iom ass even  when th e y  w ere outnum bered by sm a ll

p l a n t s .  ( F i g .  2 .4 .  shows th e  d i s t r ib u t io n  o f  11 fron d  area" among d i f f e r e n t

2
fro n d  le n g t h  c l a s s e s  o f  1978 p la n ts  from t h r e e  lm q u a d ra ts tak en  from th e  

s h a llo w  z o n e  in  O ctob er 1 9 7 8 . The 11 fron d  a r e a 11 o f  a fro n d  i s  th e  p rod u ct  

o f  i t s  l e n g t h  and i t s  maximum w id th , and f o r  a group o f  fr o n d s ,  " frond  

area" s h o u ld  be rou gh ly  p r o p o r t io n a l  t o  b io m a s s ) .  In  ea ch  sa m p le , two 

p la n t s  from  ea ch  y ea r -g ro u p  w ere u sed  fo r  nem atode s t u d ie s ,  two fo r  th e  

b r i g h t f i e l d  ex a m in a tio n  o f  e p ip h y te s ,  and on e f o r  f lu o r e s c e n c e  m icro sco p y .

( c )  F requency o f  sa m p lin g

S h o r ta g e  o f  tim e p rev e n ted  sa m p lin g  more fr e q u e n t ly  th an  on ce ev ery  
i’S

two m on th s. Thisj^a m ajor d e f e c t  o f  th e  sa m p lin g  programme. W hile  

d i f f e r e n c e s  w ith in  p la n ts  and betw een  r e p l i c a t e  p la n t s  w ere u s u a l ly  sm a ll  

( s e e  C h a p te r s  3 and 4 ) ,  d i f f e r e n c e s  betw een  b im on th ly  sam p les w ere o f t e n  

c o n s id e r a b le ,  and more fr e q u e n t  sa m p lin g  w ou ld  have been a g r e a t  a d v a n ta g e . 

Time in v o lv e d  in  sam ple p r o c e s s in g  and th e  programme o f  ex p er im en ta l work 

u n f o r t u n a t e ly  p rec lu d ed  any more in t e n s iv e  f i e l d  e f f o r t .
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FIG. 2 . 4 . D is t r ib u t io n  o f  " fron d  area" (fr o n d  le n g th  x  maximum fron d  
w id th ) f o r  d i f f e r e n t  fr o n d  le n g th  c l a s s e s  in  th e  
L . s a c c h a r in a  p o p u la t io n , sh a llo w  z o n e , O ctob er 1 978 , b a sed  
on p la n t s  from th r e e  lm2  q u a d r a ts . F ig u r e  above each  b lo c k  
i s  % o f  p o p u la t io n  " fro n d  area" made up by th a t  le n g th  c l a s s .
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CHAPTER 3 

EPIPHYTES ON LAMINARIA SACCHARINA FRONDS

3 . 1 .  METHODS

!
3 . 1 . 1 .  C o l l e c t i o n  o f  p la n ts

A l l  p la n t s  w ere c o l l e c t e d  u n d erw a ter , u s u a l ly  by SCUBA d iv in g ,  

o c c a s i o n a l l y  by s n o r k e l l in g .  P la n ts  w ere  d eta ch ed  e i t h e r  by p u l l i n g  

th e  h o l d f a s t  from th e  su b stra tu m  o r  by c u t t in g  th rou gh  th e  s t i p e .  They 

j w ere th e n  e n c lo s e d  i n  a  la r g e  C 35x50cm) p o ly th e n e  b ag , th e  mouth o f  

| w hich  w as c lo s e d  w ith  a  r e p e a te d ly  t w is t e d  e l a s t i c  band . D uring th e s e  

o p e r a t i o n s , d is tu r b a n c e  t o  th e  p la n ts  w h ich  m ight have d is lo d g e d  l o o s e l y  

a t t a c h e d  e p ip h y te s  was m in im ized . In  th e  la b o r a to r y  th e  p la n t s  w ere  

p la c e d  i n  b a th s  o f  f i l t e r e d  sea w a ter  (0 .3 p m  Gamma-12 o n - l i n e  f i l t e r ,

Whatman L t d . ,  co n n e c te d  to  th e  la b o r a to r y  sea w a ter  s y s t e m ) .

3 . 1 . 2 .  Naked e y e  o b s e r v a t io n s  and b r i g h t f i e l d  m icro sco p y

T h e se  w ere c a r r ie d  o u t  on th e  same fr o n d s .  P o r t io n s  *» 4x4cm were  

c u t  from  a p p r o p r ia te  p a r ts  o f  th e  frond  w ith  s c i s s o r s ,  p la c e d  in  P e t r i  

d is h e s  o f  f i l t e r e d  sea w a ter  and exam ined u n d er th e  s te r e o m ic r o s c o p e .

! S m a lle r  p i e c e s ,  * * 0 .5 x 0 .5cm, w ere  mounted on m icr o sco p e  s l i d e s  and

exam in ed  u n d er  th e  compound m icr o sco p e . T ra n sm itte d  l i g h t  was u sed  and, 

p r o v id e d  i t  was b r ig h t  en ou gh , proved s a t i s f a c t o r y  f o r  even  th e  t h i c k e s t  

p ie c e s  o f  f r o n d . A fte r  m ic r o s c o p ic a l  e x a m in a tio n  was co m p leted  th e  

fr o n d  w as l a i d  o u t  on a ben ch  and exam ined w ith  th e  naked e y e .  The le n g th  

o f  th e  fr o n d  and th e  w id th  a t  1 0 cm i n t e r v a l s  a lo n g  th e  le n g th  w ere re c o r d e d .
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3 . 1 . 3 .  F lu o r e s c e n c e  m icroscop y

P ie c e s  '/'0 .5x0 .5cm  w ere c u t  from th e  fron d  w ith  s c i s s o r s .  Two s t r i p s

o f  a  s y n t h e t i c  p u tty  (" G la s t ic o n " , K e ls e a l  L t d . , )  w ere p la c e d  on a f l a t

m ic r o sc o p e  s l i d e  a t  a  s u i t a b l e  d is t a n c e  a p a r t  to  su p p o rt a sq u a re  c o v e r s l i p .

A p i e c e  o f  fro n d  was l a i d  b etw een  th e  s t r i p s  and a drop o f  a c r id in e

o ra n g e  s o l u t i o n  ( a  1 :2500 s o l u t io n  o f  s o l i d  a c r id in e  o ra n g e f r e s h ly  made

up i n  0 .4pm  M il l ip o r e  f i l t e r e d  sea w a ter) was p ut o n to  i t .  A c o v e r s l ip

was th e n  l a i d  a c r o s s  th e  " G la s t ic o n ” s t r i p s  and f ir m ly  p r e s s e d  down u n t i l

i t  j u s t  made c o n ta c t  w ith  th e  L am inaria  s u r f a c e .  The mount was l e f t  fo r

2  m in u te s  th en  exam ined u n d er  an i n c i d e n t - l i g h t  f lu o r e s c e n c e  system

c o n s i s t i n g  o f  a L e i t z  O rth o p la n  m ic r o sc o p e , a Ploemopak f lu o r e s c e n c e

i l lu m i n a t o r ,  and P la c o  NP1 p lan ach rom at o b j e c t iv e s  o f  m a g n if ic a t io n s  x lO ,

x40 and xlOO. C ounts o f  b a c t e r ia  w ere made under th e  o i l- im m e r s io n

o b j e c t i v e  u s in g  a squared  e y e p ie c e  g r a t i c u l e ;  a s p e c ia l  n o n - f lu o r e s c e n t
*

im m ersion  o i l  was n o t found t o  be n e c e s s a r y .

3 . 1 . 4 .  S c a n n in g  e le c t r o n  m icro sco p y

One 1978 p la n t  was c o l l e c t e d  from th e  s h a llo w  s i t e  on 2 3 /6 /7 9 .

T w elv e  p ie c e s  ^ 1 x  1cm w ere c u t  from th e frond  w ith  s c i s s o r s .  T hese  

in c lu d e d  p ie c e s  o f  decom posing t i s s u e  from th e  fron d  t i p  and p ie c e s  w ith  

i n t a c t  s u r fa c e s  from th e c e n t r a l ,  d im pled  and w in g  r e g io n s  o f  th e  t i p ,  

m id -fr o n d  and m er istem . The p ie c e s  were f ix e d  fo r  2 days in  p h o sp h a te -  

b u f f e r e d  4% g lu ta r a ld e h y d e , pH 7 . 4 - 7 . 6 , th en  d eh y d ra ted  in  a s e r i e s  o f  

a l c o h o l s .  A f t e r  1 day in  a b s o lu t e  a lc o h o l  th ey  w ere tr a n s fe r r e d  to  a  

5 0 :5 0  m ix tu re  o f  a b s o lu te  a lc o h o l  and amyl a c e t a t e  fo r  1 h our, th en  to  

am yl a c e t a t e  f o r  1  hour b e fo r e  c r i t i c a l  p o in t  d r y in g  u s in g  l i q u i d  CO  ̂

a s th e  t r a n s i t i o n  f l u i d .  On rem oval from th e  d r ie r  th e  p ie c e s  w ere  

im m e d ia te ly  mounted on alum inium  specim en  s tu b s  u s in g  S i lv e r  Dag (A gar  

A id s )  as an a d h e s iv e ,  c o a te d  w ith  Au/Pd and exam ined in  a Cam bridge 

S t e r e o s c a n  600 sc a n n in g  e le c t r o n  m icro sco p e.-
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3 . 1 . 5 .  D is c u s s io n  o f  m ethods

N a k ed -ey e  and s te r e o m ic r o s c o p e  o b s e r v a t io n s  grave in fo r m a tio n  on th e  

d i s t r i b u t i o n  o f  decom posing: t i s s u e  and o f  th e  la r g e r  e p ip h y te s  su ch  as  

h y d r o id s ,  b ryozoan s and m a c r o -a lg a e . The b r i g h t f i e l d  compound m icro sco p e  

p r o v id e d  m ost o f  th e  o b s e r v a t io n s  on d ia to m s , p r o to z o a n s , s m a ll  a lg ^ l  

f i l a m e n t s  and m a te r ia l  c o l l e c t i n g  around a lg ^ . 1  f i la m e n t s ,  and some o f  

th o s e  on L e u c o th r ix . F lu o r e s c e n c e  m icro sco p y  was u sed  in  th e  s e a s o n a l  

s tu d y  o f  b a c t e r ia  and a l s o  gave some in fo r m a t io n  ab out p ro to z o a n s  and 

d ia to m s . The SEM, w ith  i t s  g r e a te r  r e s o lv i n g  power and i t s  a b i l i t y  to  

show th r e e -d im e n s io n a l  s t r u c t u r e s ,  p r o v id e d  a d d it io n a l  d e t a i l s  ab out  

many e p ip h y t e s ,  p a r t i c u l a r l y  b a c t e r ia .

In  th e  f lu o r e s c e n c e  m eth od , th e  a c r id in e  o ra n g e b in d s  t o  n u c le ic  a c id s  

and t h e  r e s u l t i n g  com plex f l u o r e s c e s  b r ig h t  g r e e n . Dead b a c t e r ia  ca n  ta k e  

up l a r g e  q u a n t i t i e s  o f  s t a i n  and appear o r a n g e , w h i le  c h lo r o p h y l l  shows 

b lo o d —red a u to f lu o r e s c e n c e .  L iv e  b a c te r ia  th u s  appear g r e e n , b ut th e  

L a m in a r ia  c e l l s  a l s o  f l u o r e s c e ,  and t h i s  background f lu o r e s c e n c e  ca n  make 

s e e in g :  th e  b a c t e r ia  d i f f i c u l t ,  p a r t i c u la r ly  in  mounts o f  m eristem  t i s s u e .

In  m o st c a s e s  i t  was p o s s ib l e  t o  s e e  th e  b a c t e r ia  by c a r e f u l  f o c u s s in g  

and by e n s u r in g  th a t  th e  c o v e r s l i p  was p r e s s e d  a g a in s t  th e  L am inaria  

s u r f a c e .  W henever th e r e  was doubt ab ou t w h eth er  a l l  t h e  b a c t e r ia  on a  

mount w ere v i s i b l e ,  th e  mount was d is c a r d e d .  About one in  f i v e  m eristem  

m ounts w ere d is c a r d e d  f o r  t h i s  r e a s o n . E rro r s  may have o cc u r red  i f  a r e a s  

w it h  h ig h  background f lu o r e s c e n c e  h ave more or  l e s s  b a c t e r ia  th an  do o th e r  

a r e a s ,  o r  i f  wrong d e c i s io n s  were made a b o u t when t o  r e j e c t  m ounts. T h is  

m u st b e  b o rn e  in  mind when in t e r p r e t in g  th e  r e s u l t s ,  and com parison  w ith  

r e s u l t s  from  th e  SEM p r o v id e s  a  u s e f u l  c h e c k . B urton (1 9 7 6 ) u sed  an  

a c r id i n e  o ra n g e  e p i f lu o r e s c e n c e  method s im i la r  to  t h a t  d e s c r ib e d  above  

to  s tu d y  b a c t e r ia  on  th e  s u r fa c e  o f  th e  gp:een a lg a  U lv a , b u t w ith  th e  

red  a lg a  Ceramium h e r e s o r te d  t o  f lu o r e s c e n c e  ex a m in a tio n  o f  f i l t e r e d  

h o m o g e n a te s . W ith Fucus s e r r a tu s  n e i t h e r  method was s u c c e s s f u l ,  th e
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d i r e c t  o b s e r v a t io n  method f a i l i n g 1 b e c a u se  o f  background f lu o r e s c e n c e  w hich  

B u r to n  a t t r ib u t e d  to  th e  p r e se n c e  o f  p o ly p h e n o ls  in  th e  a lg a l  t i s s u e .

M azure and F ie ld  (1 9 8 0 ) found  th a t  d en se  a g g r e g a t io n s  o f  b a c t e r ia  in  th e  

s u r f a c e  m u c ila g e  made a c r id in e  o ran ge c o u n ts  im p o s s ib le  on L am inaria  

p a l l i d a  (G r e v .)J .A g . and E c k lo n ia  maxima (O sbeck) P a p e n f.

One p rob lem  w ith  th e  SEM p ro ced u re  w as t h a t  t r a n s f e r r in g  th e  sp ecim en s  

th r o u g h  f i x a t i v e ,  a lc o h o ls  and amyl a c e t a t e  l e d  t o  th e  l o s s  o f  l o o s e l y  

a t t a c h e d  e p ip h y te s .  Some o f  th e  m a te r ia l  o r i g i n a l l y  trapp ed  among brown 

a l g a l  f i la m e n t s  was l o s t  i n  t h i s  way. A n o th er  problem  was th a t  m u cila g e  

w h ich  d id  rem ain  on th e  sp ec im en s p a r t ly  c o n c e a le d  b a c t e r ia  a t ta c h e d  to  

th e  fr o n d  s u r f a c e .  To g e t  th e  m ost m ea n in g fu l r e s u l t s  from an SEM stu d y  

o f  t h i s  ty p e  i t  w ould  b e  p r e f e r a b le  to  u s e  s e v e r a l  m ethods o f  p r e p a r in g  

th e  sp e c im e n s  and th en  to  com pare th e  r e s u l t s .

3 .2 .  DAMAGE TO THE FRONDS. DISTRIBUTION OF DECOMPOSING TISSUE

3 . 2 . 1 .  R e su lts

S c a le  draw ings sh o w in g  th e  sh a p es o f  p la n t s  u sed  f o r  n a k ed -ey e  and 

b r i g h t f i e l d  o b s e r v a t io n s  a r e  g iv e n  i n  F i g s .  3 . 1 .  and 3 . 2 .  T h ese  

d ra w in g s  w ere c o n s tr u c te d  from  th e  m easurem ents m ention ed  in  s e c t io n  3 . 1 . 1 .  

In t h i s  and fo l lo w in g  s e c t i o n s  d is t a n c e s  g iv e n  in  cm, a s  i n  "decom posing  

t i s s u e  w as p r e s e n t  from 130 to  150cm", r e f e r  t o  d is t a n c e s  from th e  frond  

b a se  i n  th e s e  p la n t s .

Jan uary  1 9 7 9 . 1978 p l a n t . In  th e  s t r a p - l i k e  t i p  o f  t h i s  p la n t

o n ly  th e  t h ic k e r  c e n t r a l  t i s s u e  rem ain ed . D ecom posing  a rea s  w ere  found  

a t  th e  ed g e  o f  th e  fr o n d , back  to  15cm. In  th e  m id -fro n d  r e g io n  th e r e  

w ere e x t e n s iv e  a r e a s  on  th e  c e n t r a l  t i s s u e  w here th e  m eristod erm  had 

been  rem oved. 1977 p l a n t . The d ecom p osin g  a r e a s  w ere more e x t e n s iv e  

th an  i n  th e  1978 p la n t ,  o c c u r r in g  around th e  t i p  and ed ge o f  th e  fr o n d .
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Fi:G, 3 . 1 . S c a le  d raw in gs o f  1978 p la n t s  u sed  f o r  n a k e d -ey e  
and b r i g h t f i e l d  o b s e r v a t io n s .



FIG, 3 . 2 . S c a le  draw ings o f  1977 and 1979 p la n t s  u sed  fo r  n a k ed -ey e  
and b r i g h t f i e l d  o b s e r v a t io n s .
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May 1 9 7 9 . 1978 p la n t  ( i ) .  Above 150cm th e  w in g s and d im pled  t i s s u e

had b e e n  l o s t  and «/»30% o f  th e  c e n t r a l  t i s s u e  had l o s t  i t s  m er isto d erm .

At 120 and 110cm in  t h e  c e n t r a l  t i s s u e  w ere two la r g e  a re a s  w ith o u t  

m e r is to d e r m . The w in g  t i s s u e  had la r g e  ragged  h o le s  up t o  1cm a c r o s s  

from  130 to  150cm and s m a lle r  h o le s  b elow  t h i s ,  damage b e in g  h e a v ie r  

a b o v e  60-*70cm. 1978 p la n t  ( i i ) was s im i la r  though  r a th e r  l e s s  dam aged.

1979 p l a n t s . In  b o th  p la n t s  th e  d i f f e r e n t i a t i o n  o f  w in g s , d im p le s  and  

c e n t r e  was j u s t  a p p e a r in g  in  th e  m eristem  r e g io n .  P la n t  ( i i ) had a l i t t l e  

dam age i n  th e  w in g  t i s s u e .  I n  n e i t h e r  p la n t  d id  th e  decom posin g  t i s s u e  

arou n d  th e  t i p  e x te n d  back f o r  more th a n  a few c e l l s  from th e  fro n d  e d g e .

J u ly  1 9 7 9 . 1978 p la n t  ( i i ) .  The w in gs and d im p led  t i s s u e  had

b een  l o s t  above 100cm. T here was e x t e n s iv e  d ecom p osin g  t i s s u e  around th e  

fr o n d  t i p  and s m a lle r  a r e a s  around th e  fr o n d  ed g e  back t o  100cm. T here  

w ere a  few  p la c e s  w here th e  m eristod erm  o f  th e  c e n t r a l  t i s s u e  had b een  

g r a z e d .a w a y , and from 70  t o  100cm th e  w in g  t i s s u e  showed much damage.

1978 p l a n t  ( i ) was v ery  s i m i l a r .  1979 p la n t  ( i ) .  D ecom posing t i s s u e  was 

r e s t r i c t e d  t o  th e  ex trem e t i p  and was much l e s s  e x t e n s iv e  th a n  on th e  

1978 p l a n t s .  The ed g e s  showed damage back  t o  90cm. 1979 p la n t  ( i i ) .

D ecom p osin g  t i s s u e  was a g a in  r e s t r i c t e d  t o  above 90cm.

Septem ber 1 9 7 9 . 1978 p la n t  ( i ) .  Above 100cm th e  w h o le  fron d

show ed e x t e n s iv e  t i s s u e  d e c a y . Most o f  th e  w in g  t i s s u e  had b een  l o s t .

The fro n d  ed g e  had a w h i t i s h  ap p earan ce; m ic r o s c o p ic  e x a m in a tio n  showed  

th a t  t h i s  was w here th e  m eristod erm  h as b een  l o s t .  From 100cm back to  

10cm t h e r e  w ere  many h o le s  in  th e  w in g  t i s s u e .  From 60 t o  100cm th e r e  

w ere s e v e r a l  a r e a s  w here th e  c e n t r a l  t i s s u e  had l o s t  i t s  m eristod erm  and 

i n  som e c a s e s  t h e s e  a r e a s  had become h o le s  p a s s in g  r ig h t  th ro u g h  th e  fron d  

su rrou n d ed  by z o n e s  o f  d ecom p osin g  t i s s u e .  1978 p la n t  ( i i ) • Again  

damage and d eca y  w ere e x t e n s iv e .  The fr o n d  had a lm o st  to r n  o f f  a t  130cm 

and l a r g e  p ie c e s  had b een  l o s t  from th e  ed g e  as f a r  back a s  80cm .
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1979 p la n t . The w in gs and d im p led  t i s s u e  w ere m is s in g  above 65cm , and th e  

c e n t r a l  t i s s u e  had a re a s  w ith o u t  m eristod erm  a s  fa r  back as 40cm . The 

w in gs w ere damaged as f a r  back a s  1 0 cm.

November 1 9 7 9 . 1979 p la n t  ( i ) . Only th e  c e n t r a l  t i s s u e  rem ained

ab ove 90cm, and from 40 t o  90cm had h o le s  and a r e a s  w ith o u t m eristo d erm . 

The w in g s w ere more h e a v i ly  damaged, w ith  h o le s  up t o  3xlcm  in  s i z e  i n  th e  

40-90cm  r e g io n . 1979 p la n t  ( i i ) . A gain  th e  d ecom p osin g  a re a s  a t  th e  t i p  

w ere n o t  la r g e ,  e x t e n d in g  back o n ly  f o r  1  o r  2 mm from th e fron d  e d g e .

Jan u ary  1980 . 1978 p la n t  ( i ) • V i r t u a l ly  no w in g  t i s s u e  rem ained .

The d ecom p osin g  a r e a s  w ere v er y  sm a ll b u t s e v e r a l  la r g e  h o le s  p a ssed  

through t h e  fr o n d . 1978 p la n t  ( i i ) .  D ecom posing a re a s  w ere a g a in  v ery  

s m a ll .  1979 p la n t  ( i ) .  Wing and dim pled t i s s u e  w ere m is s in g  above 40cm 

and th e  c e n t r a l  t i s s u e  had many h o le s  and a  g e n e r a l ly  t a t t e r e d  a p p earan ce . 

Below 40cm th e r e  was l e s s  damage.

3 . 2 . 2 .  D is c u s s io n

The f o l lo w in g  p o in t s  em erge from th e s e  r e s u l t s :

(a )  Fronds showed damage ( p i t s ,  h o le s  e t c . )  a t  a l l  t im e s  o f  y e a r .

(b ) Damage was h e a v ie r  on th e  o ld e r  p a r t s  o f  th e  fr o n d s .

( c )  Damage was h e a v ie r  on th e  w in g s than  on th e  c e n t r a l  t i s s u e .

(d )  Damaged a r e a s  w ere c o lo n iz e d  by decom poser o rgan ism s ( s e e
s e c t io n  3 . 1 0 ) .

( e )  In  th e upp er p a r t  o f  a l l  fro n d s a t  l e a s t  some o f  th e  w ing  
t i s s u e  had been  l o s t  and t h e r e  was a lw ays a zo n e  o f  d ecom posing  
t i s s u e  a lo n g  th e  fron d  t i p  e d g e .

( f )  T here was a  n o ta b le  in c r e a s e  in  th e  e x t e n t  o f  d e c o m p o s it io n  
in  A u gu st and Septem ber 1979 ,

The p r o c e s s e s  w h ich  seem ed t o  be in v o lv e d  in  d e c o m p o s it io n  and 

t i s s u e  l o s s  a re  sum m arized in  F ig .  3 . 3 .
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FIG . 3 . 3 .  P r o c e s s e s  in v o lv e d  in  d e c o m p o s it io n  and t i s s u e  l o s s .

( 1 )  S ee  s e c t i o n  3 . 3 .

( 2 )  Wave a c t io n  may i n i t i a t e  new p o in t s  o f  damage o r  may 
e x ten d  e x i s t i n g  damage.

( 3 )  A p o s s ib l e  e f f e c t .  Removal o f  d eco m p o sin g  t i s s u e  w ith  
i t s  a s s o c ia t e d  decom poser org a n ism s may r e d u c e  th e  
e f f i c i e n c y  o f  c o lo n iz a t io n  o f  new ly  ex p o sed  in t e r n a l  
t i s s u e .

( 4 )  Gradual e r o s io n  o f  d ecom p osin g  t i s s u e  c o n t in u e s  a l l  
y e a r , m ain ly  from th e  e d g e s  o f  th e  o ld e r  p a r t s  o f  th e  
fro n d .

( 5 )  T h is o c c u r s  w here decom posin g  a rea s  i n i t i a t e d  away from  
th e  frond  ed g e  sp rea d , c r e a t i n g  a  p o in t  o f  w eakn ess a t  
which wave a c t io n  th en  t e a r s  th e  fron d  th ro u g h . L o sse s  
o f  t h i s  ty p e  a re  p a r t i c u la r ly  common in  th e  autumn
and e a r ly  w in te r .

( 6 ) P o ly p h e n o ls  and o th e r  s u b s ta n c e s  in h ib i t o r y  t o  m ic r o b ia l  
growth a r e  fou n d  in  brown a lg a e ,  b u t may n o t  b e p r e se n t  
in  th e  in t e r n a l  c e l l s  ( s e e  s e c t i o n  3 . 1 3 . ) .

( 7 )  The frond  may c o n ta in  s u b s ta n c e s  d i s t a s t e f u l  t o  g ra z ers  
( s e e  s e c t io n  3 . 1 3 . ) .
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As w ou ld  be e x p e c te d , damage was h e a v ie r  on th e  o ld e r ,  d i s t a l  p a r ts  

o f  t t ie  f r o n d .  Damage was a l s o  more n o t i c e a b l e  on th e  w in g s  th an  on th e  

c e n t r a l  t i s s u e .  W hether th e  w in gs a re  s u b je c te d  to  more s t r e s s ,  f o r  

ex a m p le  th ro u g h  b e in g  f l e x e d  by w aves, o r  w h eth er  b e c a u se  o f  t h e i r  

r e l a t i v e  t h in n e s s  o r  some o th e r  f e a t u r e  o f  t h e i r  s t r u c t u r e  th e y  a re  more 

s u s c e p t i b l e  t o  damage, i s  n o t  c e r t a i n .  In  th e  upper p a r t  o f  th e  fron d  th e  

w in g s  and d im pled  t i s s u e  w e re  p r o g r e s s iv e ly  l o s t ,  g iv in g  th e  fro n d  i t s  

ta p e r e d  t i p .  I t  i s  n o t  known why L . s a c c h a r in a  h as a fr o n d  w ith  c e n t r a l ,  

d im p led  and  w in g  r e g io n s ;  o n e  s u g g e s t io n  i s  t h a t  th e d im p le s  prom ote  

n u t r i e n t  ex ch a n g e  by b r e a k in g  up th e  la m in a r  f lo w  o f  w a te r  o v e r  the frond  

s u r f a c e .

N o r to n  ( 1 9 7 8 )  found t h a t  when S a c c o r h iz a  p o ly s c h id e s  sp o r o p h y te s  

w ere t r a n s p la n t e d  in t o  Lough I n e ,  a r e g io n  o f  h ig h e r  w a ter  te m p era tu re s  

th an  t h a t  from  w h ich  th e y  w ere  ta k en , d i s t a l  d eca y  was ab n orm ally  r a p id .

He d is c u s s e d  t h e  p o s s i b i l i t y  t h a t  t h i s  was th e  r e s u l t  o f  a  d i s e a s e  w hich  

a t t a c k s  S .  p o ly s c h id e s  a t  h ig h  w a te r  te m p e r a tu r e s . The in c r e a s e  i n  th e  

e x t e n t  o f  d e c o m p o s it io n  in  L . s a c c h a r in a  fr o n d s  a t  th e  W ish in g  W ell 

o c c u r r e d  a t  th e  tim e o f  maximum w a ter  te m p e r a tu r e , and w h ile  th e  symptoms 

w ere n o t  a s  d r a s t i c  as th o s e  o b serv e d  by N o r to n , i t  i s  p o s s ib l e  t h a t  a 

te m p e r a tu r e - in d u c e d  change in  th e  c o m p o s it io n  o r  a c t i v i t y  o f  th e  m ic r o b ia l  

com m unity o f  th e  decom posin g  t i s s u e  was r e s p o n s ib le .  I f  th e  a c t i v i t i e s  

o f  d ecom p oser  o rg a n ism s a r e  c o n t r o l l e d  by in h ib i t o r y  su b s ta n c e s  ( a  moot 

p o in t ,  s e e  s e c t i o n  3 . 1 3 . )  a  sudden d e c r e a s e  in  th e  l e v e l s  o f  t h e s e  

s u b s ta n c e s  c o u ld  h ave ca u sed  t h e  in c r e a s e  in  d e c o m p o s it io n . Some s t u d ie s  

have fou n d  t h a t  l e v e l s  o f  in h ib i t o r y  su b s ta n c e s  in  v a r io u s  a lg a e  a r e  

lo w e r  d u r in g  th e  s lo w -g r o w th  s e a s o n , w h ich  in  L . s a c c h a r in a  s t a r t s  in  

J u ly  ( s e e  s e c t i o n  2 . 2 . ) ,  b u t o th e r  s t u d ie s  have n o t  co n firm ed  t h i s  ( s e e  

s e c t i o n  3 . 1 3 . ) .
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3 . 3 *  GRAZERS

3 . 3 . 1 .  O b se r v a t io n s

S e v e r a l  g a s tr o p o d s  known to  be consum ers o f  a lg a l  t i s s u e  w ere  found  

on t h e  f r o n d s .  G ib b u la  c i n e r a r i a  ( L . )  was p r e s e n t  th rou gh ou t th e  y e a r  a t  

a d e n s i t y  o f  2 -6  in d iv id u a l s  fro n d  * . A s m a ll  number o f  a d u lt  L acuna v in c t a  

(M ontagu) w ere p r e s e n t  in  Jan uary 1979 and in  t h e  March and May sam p les  

t h e i r  r in g -s h a p e d  e g g  m asses w ere ab un d ant. In  J u ly  no eg g s  w ere found  

b u t th e r e  w ere up t o  70 new ly h a tch ed  j u v e n i l e s  on ea ch  fr o n d . Numbers 

t h e n  d e c l in e d  u n t i l  January 1 9 8 0 . L i t t o r i n a  l i t t o r e a  ( L . )  and  

P a t in a  p e l lu c id a  ( L . )  w ere o n ly  o c c a s io n a l ly  s e e n .  The s e a  u r c h in  

E c h in u s  e s c u le n t u s  L . was p r e s e n t  in  sm a ll numbers on th e rock y  p la t fo r m  

a t  th e  W ish in g  W e ll .

Some o b s e r v a t io n s  w ere  made in  th e  la b o r a to r y  o f  th e  ty p e  o f  damage 

c a u s e d  by th e  f e e d in g  a c t i v i t i e s  o f  L acuna and G ib b u la . Lacuna makes 

roughly c i r c u l a r  h o l e s ,  ^ 2 mm in  d ia m e te r , w hich  can  p a s s  r ig h t  th rou gh  

a fr o n d  i n  th e  w in g  r e g io n s .  G ib b u la  makes la r g e r ,  i r r e g u la r ly  o v a l ,  

s c o o p - l i k e  p i t s  in  th e  fro n d  s u r fa c e .

3 . 3 . 2 .  D is c u s s io n

D e s p i t e  th e  la b o r a to r y  o b s e r v a t io n s  m en tion ed  above i t  was o f t e n  

d i f f i c u l t  t o  r e c o g n iz e ,  on p la n t s  c o l l e c t e d  from th e  f i e l d ,  w h ich  a rea s  

o f  damage w ere  th e  r e s u l t  o f  g r a z in g  and w h ich  o f  o th e r  f a c t o r s ,  p r in c ip a l ly  

wave a c t io n .  Wave a c t io n  and d eco m p o sitio n  q u ic k ly  a l t e r e d  th e  sh ape o f  

damaged a r e a s ,  making i t  im p o s s ib le  t o  a s s e s s  th e  r e l a t i v e  im p o rta n ce  o f  

g r a z in g  and w ave a c t io n  in  c a u s in g  th e  i n i t i a l  damage. Mann (1972b) makes th e  

g e n e r a l i z a t io n  t h a t  o n ly  about 1 0 % o f  k e lp  p r o d u c tio n  i s  d i r e c t l y  consum ed  

by h e r b iv o r e s ,  and t h i s  would seem  to  be tr u e  o f  th e  L . s a c c h a r in a  

p o p u la t io n  a t  th e  W ish in g  W ell. The o b s e r v a t io n s  on Lacuna a r e  c o n s i s t e n t  

w i t h  th e  b io lo g y  o f  t h i s  s p e c i e s  on th e  c o a s t  o f  NE E ngland  as d e s c r ib e d  

by S m ith  ( 1 9 7 3 ) .
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3 .4  . BACTERIA ON INTACT FROND SURFACES

3 . 4 . 1 .  R e s u lt s

F lu o r e s c e n c e  m icro sco p y  -  A few f i la m e n to u s  b a c t e r ia  w ere see n  on

t h e  fr o n d  t i p  s u r f a c e  a t  a l l  t i m e s  o f  y e a r ,  th e s e  are p ro b a b ly  f l e x i b a c t e r i a

( s e e  s e c t i o n  3 . 4 . 2 . ) .  By f a r  th e  g r e a te r  p a r t  o f  th e  b a c t e r i a l  f l o r a

a p p ea red  a s  g r e e n  d o ts  ( P l a t e  1) w h ich  th e  SEM l a t e r  showed w ere  n o t c o c c i

b u t r o d s  v iew ed  en d -o n  ( s e e  b e lo w ) .  The tw o -d im e n s io n a l n a tu r e  o f  th e

fr o n d  s u r f a c e  meant th a t  t h e  b a c t e r ia  c o u ld  be co u n ted  u s in g  th e  squared

e y e p ie c e  g r a t i c u l e .  In  ea ch  b im on th ly  sam ple on e p la n t  o f  ea ch  y e a r -

group  w as ta k en  and c o u n ts  made from th e  t i p  and m eristem  r e g io n s ,  and

in  som e c a s e s  a l s o  from th e m id -fr o n d . From each  r e g io n  f i v e  mounts w ere

made, t h e  p ie c e s  mounted b e in g  ta k en  a t  random from th e  r e g io n  c o n ce rn ed .

From e a c h  mount th e  b a c t e r ia  i n  te n  sq u a r e s  ta k en  a t  random w ere  co u n ted .

A p r e l im in a r y  c o u n t i n  O cto b er  1978 showed no ap p a ren t d i f f e r e n c e s  in

b a c t e r i a l  d e n s i t y  betw een  th e  w in g s , d im pled  and c e n t r a l  p a r ts  a t  one

! l e v e l  on  th e  fr o n d .

The main f e a t u r e s  o f  th e  r e s u l t s  ca n  be s e e n  from F ig .  3 . 4 .  I n

t h i s  f i g u r e  ea ch  p o in t  r e p r e s e n ts  th e  mean o f  th e t e n  c o u n ts  from on e

2 2m ount, c o n v e r te d  from b a c t e r ia / s q u a r e  ( 1  sq uare = 8 2 . 6  pm ) to  b a c t e r i a /  1 0 0 pm .

In  a l l  p la n t s  exam ined th e  fro n d  t i p  had more b a c t e r ia  than  th e m e r istem .

2
M ost o f  th e  m eristem  means f e l l  w i t h in  the range 0 . 5 - 1 5  b acteria /lO O p m  f

2m ost o f  th e  t i p  means w i t h in  th e  ra n g e 3 -2 5  b a c t e r i a / 100pm . A lth ou gh  th e r e  

was som e in d ic a t io n  t h a t  numbers w ere lo w e r  d u r in g  th e  ra p id  grow th se a s o n  

(J a n u a ry  to  June) th a n  d u r in g  th e  s lo w  grow th s e a s o n , th e  ran ge o f

s e a s o n a l  v a r ia t io n  was l e s s  th an  on e o r d e r  o f  m a g n itu d e .

S c a n n in g  e le c t r o n  m icro sco p y  -  B a c te r ia  on i n t a c t  fro n d  s u r fa c e s  

can b e  s e e n  on s e v e r a l  o f  th e  SEM p l a t e s .  P la t e s  2 and 3 a r e  o f  th e fro n d  

s u r fa c e  w i t h i n  a  " sta n d ” o f  th e  d iatom  L icm ophora ( s e e  s e c t i o n  3 . 5 . ) .

The b a c t e r i a  p r e s e n t  a r e  m a in ly  rod s 1.5pm  lo n g , a t ta c h e d  en d -on  t o  th e
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FIG.  3 . 4 . R e s u lt s  o f  f lu o r e s c e n c e  c o u n ts  o f  b a c t e r ia  on i n t a c t  
fron d  s u r fa c e s .  ( 1 9 7 7  p la n ts  in  March 1979 w ere v ery  
s h o r t  and no d i s t i n c t i o n  was made betw een  t ip  and 
m eristem .



PLATE 1 F lu o r e sc e n c e  micrograph show ing  rod-shaped b a c t e r i a  
on frond t i p  s u r f a c e .  1978  p l a n t ,  A p ril  1979. x lsoo

PLATE 2 SEM o f  frond t i p  s u r f a c e ,  1978 p l a n t ,  June 1979. 
Rod-shaped b a c t e r i a  a t ta c h e d  end-on to  s u r f a c e .  
S c a le  bar = 4pm.





PLATE 3 SEM o f  frond t i p  s u r f a c e ,  1978 p l a n t ,  June 1979.
Rod-shaped b a c t e r i a  a t ta c h e d  end-on  to  s u r fa c e ,  
h ig h e r  m a g n i f i c a t io n .  S c a le  bar = 2pm.

PLATE 4 SEM o f  m id-frond s u r f a c e ,  1978 p l a n t ,  June 1979. 
Low m a g n if ic a t io n  v iew . S c a le  bar = 20pm.





PLATE 5 SEM o f  m id-frond s u r f a c e ,  1978 p l a n t ,  June 1979.
Rod-shaped b a c t e r i a ,  l a r g e l y  c o n c e a le d  by m u c ila g e .
S c a l e  bar = 4pm.

PLATE 6 SEM o f  meristem s u r f a c e ,  1978 p l a n t ,  June 1979.
Low m a g n if ic a t io n  v iew . S c a le  bar = 10pm.





PLATE 7

PLATE 8

SEM o f  meristera s u r f a c e  1978 p l a n t ,  June 1979.  
Rod-shaped b a c t e r i a  l a r g e ly  c o n c e a le d  by m u c ila g e .  
S c a le  bar = 4pm.

SEM o f  meristem s u r f a c e ,  1978 p l a n t ,  June 1979. 
View more d i r e c t l y  down onto s u r f a c e ,  rod-shaped  
b a c t e r i a  a t  d e n s i t y  o f  about 20/100um2 ,
S c a le  bar = 4pm.
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su r fa c c e . The th r e a d s  v i s i b l e  in  th e s e  p la t e s  a r e  to o  narrow t o  be 

filam centoiL s b a c t e r ia  and a r e  p rob ably  d r ie d  m u c ila g e . P la t e s  4 and 5 a r e  

o f  th«e m id—fr o n d  r e g io n .  P la t e  4 g iv e s  a low  m a g n if ic a t io n  v iew  o f  th e  

su rfa cce  C com pare w ith  v ie w s  a t  th e same m a g n if ic a t io n  o f  th e  fro n d  t ip

i su r fa c c e , P l a t e  1 0 , and th e  m eristem  s u r f a c e ,  P la t e  6 ) .  P la t e  5 i s  a t  a
I
| h ig h e ir  m a g n i f i c a t io n ,  and rod -sh ap ed  b a c t e r ia  a r e  v i s i b l e  b u t are l a r g e l y

| co n c e sa le d  toy m u c ila g e  ( s e e  comments in  4 . 2 . 5 . ) .  P la t e s  6 - 8  a r e  o f  th e

| m erisltem  r e g io n .  P la t e  6  i s  a low m a g n if ic a t io n  v ie w , P l a t e  7 a h ig h e r
i

| m a g n if f ic a t io n  v ie w . A gain  b a c t e r ia  a r e  p r e s e n t  b u t a r e  l a r g e l y  c o n c e a le d

| by m u c i la g e .  P l a t e  8  i s  ta k en  lo o k in g  more d i r e c t l y  down o n to  th e  fro n d
r

s u r f a c e  i n  an a r e a  w here m ost o f  th e  m u c ila g e  h as b een  l o s t  and th e

b a c te ir ia  a r e  more e a s i l y  v i s i b l e .  The d e n s i t y  o f  b a c t e r ia  ca n  be e s t im a te d

2j from t t h i s  p l a t e  a s  ab out 2 0 / 1 0 0 pm , w h ich  i s  s l i g h t l y  h ig h e r  than  any o f  

th e  f l lu o r e s c e n c e  m eans, b u t  i s  w ith in  th e  ra n g e o f  th e  in d iv id u a l  c o u n ts  

f o u n d  f o r  t h e  m eristem  in  th e  f lu o r e s c e n c e  s tu d y . C om parison o f  P la t e  8  

w ith  F P la te  7 and o th e r  SEM p ic t u r e s  n o t in c lu d e d  in  t h i s  t h e s i s  shows t h a t  

t h i s  d iens i t y  i s  t y p i c a l  f o r  th e m eristem  s u r f a c e .

3 . 4 .2 . .  D i s c u s s io n

(a )  C o u n ts  -  The r e s u l t s  o f  p r e v io u s  s t u d ie s  o f  th e numbers o f  

b a c te ir ia  o n  brown a lg a e  a re  summarized i n  T a b le  3 .1 .  From th e s e  l im i t e d  

d a ta  siome g e n e r a l i z a t io n s  can  be made. I t  a p p ea rs  t h a t  more b a c t e r ia  a re  

p r e s e m t d u r in g  th e  s lo w  grow th  p e r io d  o f  an a lg a  th an  d u r in g  i t s  ra p id  

grow thi p e r io d ,  and a l s o  th a t  on la m in a r ia n s  th e r e  a re  more b a c t e r ia  on  

th e  fr^ond t i p  th a n  on th e  m er istem . I t  i s  n o t  c l e a r  w h eth er L aycock  (1 9 7 4 )  

and Maizure and F i e l d  (1 9 8 0 ) in c lu d e d  d ecom p osin g  t i s s u e  in  t h e i r  t i p  

sam plers; t h i s  t i s s u e  i s  a lw ays p r e s e n t  a t  th e  fro n d  t i p  in  L . s a c c h a r in a  

( s e e  s < e c t io n  3 . 2 . )  and has many more b a c t e r ia  th a n  th e i n t a c t  fron d  

s u r f a c e s .  In  th e  p r e s e n t  s tu d y , c o u n ts  from th e  t ip  w ere tak en  e x c lu s iv e ly  

from i in t a c t  s u r f a c e s  and w ere s t i l l  h ig h e r  th a n  t h o s e  from th e  m eristem .
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T a b le  3 . 1 .  a l s o  shows th a t  r e s u l t s  from d i r e c t  c o u n ts  a r e  u s u a l ly  on e  

o r  twro o r d e r s  o f  m agn itu de h ig h e r  th a n  th o s e  from p l a t e  c o u n ts .  C o n firm a tio n  

o f  t h i i s  w as p ro v id e d  by Burton (1 9 7 6 ) who found th a t  on th e  a lg a e  Ceramium  

and IP lw a. p l a t e  c o u n ts  d e te c te d  o n ly  4-30% o f  th e  b a c t e r ia  o b serv e d  u s in g  

e p i f l u o r e s c e n c e  t e c h n iq u e s .  In  th e p r e s e n t  s tu d y , d i r e c t  o b s e r v a t io n  

showe?d s m a l le r  s e a s o n a l  d i f f e r e n c e s  and s m a lle r  d i f f e r e n c e s  betw een  

d i f f e r e n t  fro n d  r e g io n s  than  have b een  found in  p r e v io u s  s t u d ie s  u s in g  

p la t e  c o u n t s .  The p l a t e  co u n t method was adapted  fo r  u s e  on m arine a lg a e  by 

Chan .and McManus (1 9 6 7 ) and su b se q u en t s t u d ie s  h ave u se d  b a s i c a l ly  th e  same 

t e c h n iq u e .  S o u rces  o f  e r r o r  in  p l a t e  c o u n ts  a re  d is c u s s e d  by J e n se n  (1 9 6 8 ) .  

T hose w h ic h  c o u ld  le a d  t o  an u n d e r e s t im a te  o f  b a c t e r ia l  numbers in c lu d e

( i )  p e r s i s t e n c e  in  th e  hom ogenate o f  grou p s o f  b a c t e r ia  a t ta c h e d  to  

su b s tr a tu m  p a r t i c l e s  o r  to  ea ch  o th e r ,  ( i i )  damage t o  b a c t e r ia  d u r in g  

a tte m p ts  t o  b rea k  up such  g ro u p s , ( i i i )  s lo w  o r  z e r o  grow th o f  c e r t a in  

b a c t e r i a  on t h e  p la t i n g  m edia u s e d , s o  th a t  th e  c o lo n ie s  a re  n o t  see n  or  

a re  o v er g ro w n  by o th e r  c o l o n i e s .  I t  i s  a l s o  u s u a l t o  f in d  th a t  th e number 

o f  c o l o n i e s  i s  n o t  in v e r s e ly  p r o p o r t io n a l  t o  th e  d i l u t i o n ,  an e f f e c t  

n o r m a lly  a t t r i b u t e d  t o  a d h e s io n  o f  b a c t e r ia  to  p ip e t t e s  or  to  m utual 

i n h i b i t i o n  o f  b a c t e r ia  on th e  p l a t e s .  B u rton  (1 9 7 6 ) found an e f f e c t  o f  

t h i s  t y p e .  He a l s o  found th a t  i f  the hom ogenate was spun down and th e  

p e l l e l t  r e su sp e n d e d  in  s t e r i l e  s a l i n e  b e fo r e  d i l u t i o n ,  th e  c o u n t in c r e a s e d ,  

by a t fa c to r  o f  x45  f o r  Fucus s e r r a t u s . T h is  s u g g e s t s  t h a t  a s e r io u s  

p rob lem  w ith  p la t e  c o u n ts  on a lg a e  may be th e  p r e s e n c e  in  th e  t i s s u e s  

o f  i n h i b i t o r y  s u b s ta n c e s  w hich  a re  b rou gh t i n t o  c o n t a c t  w ith  th e  b a c t e r ia  

d u r in g  h o m o g e n iz a t io n . S in c e  th e  c o n c e n t r a t io n  o f  su ch  in h ib i t o r y  

s u b s ta n c e s  may va ry  b o th  s e a s o n a l ly  and betw een  d i f f e r e n t  p a r ts  o f  th e  

fron d  ( s e e  s e c t i o n  3 . 1 3 . ) ,  t h i s  e f f e c t  c o u ld  e x p la in  why la r g e r  s e a s o n a l  

and r e g io n a l  d i f f e r e n c e s  a re  found by p l a t e  c o u n t in g  th an  by d ir e c t  

o b s e r v a t io n .
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F lu o r e s c e n c e  m icro sco p y  w i l l  d i s t in g u i s h  l i v e  from dead b a c t e r ia ,

bu t i t  i s  p o s s i b l e  th a t  some o f  th e  b a c t e r ia  d e te c t e d  a r e  in  an in a c t iv e

s t a t e .  Ramsay (1 9 7 4 )  found t h a t  on E lo d ea  l e a v e s  17-45% o f  th e  b a c te r ia

3
se e n  u s ;in g  a d i r e c t  o b s e r v a t io n  method in c o r p o r a te d  H -g lu o c o se  i n  amounts 

d e t e c t a b l e  by a u to r a d io g r a p h y .

( b) The i d e n t i t y  o f  frond  s u r fa c e  b a c t e r ia  -  S ie b u r th  e t  a l  ( 1 9 7 4 ) ,  

S ie b u r t h  (1 9 7 5 )  and C u n d e ll e t  j d  (1 9 7 7 )  h ave u sed  th e  SEM t o  s tu d y  

m ic r o b ia l  co m m u n itie s  on a lg a l  s u r f a c e s .  R eg u la r  members o f  th e s e  

co m m u n itie s  in c lu d e d  a v a r ie t y  o f  r o d s ,  ( in c lu d in g  cu rv ed  o r  r in g -s h a p e d  

F l e e t o b a c i l l u s - l i k e  c e l l s )  c o c c i ,  u n i c e l l u l a r  b a c t e r i a l  f i la m e n ts

; ( f l e x i b a c t e r i a )  , m u l t i c e l l u la r  b a c t e r i a l  f i la m e n ts  su ch  as L e u c o th r ix ,
!
[ y e a s t s  -of v a r io u s  t y p e s ,  and d ia to m s. The m ic r o b ia l  com m u n ities o f  b o th  

| th e  f r o n d  s u r f a c e  and th e  decom posing  t i s s u e  o f  L . s a c c h a r in a  a t  th e  

| Wishing" W ell a r e  com posed o f  org a n ism s o f  t h e s e  t y p e s .  The decom posin g  

t i s s u e  com m unity w i l l  be c o n s id e r e d  in  s e c t i o n  3 .1 0  and frond  s u r fa c e  

d ia to m s i n  s e c t i o n s  3 . 5 .  and 3 . 7 .  C o n s i s t in g  a lm o s t  e x c lu s i v e l y  o f  ro d s  

and f l e x i b a c t e r i a ,  th e  b a c t e r ia l  f l o r a  o f  i n t a c t  L . s a c  c h a r i na s u r fa c e s  

i s  s im p le r  th a n  t h o s e  o f  many o f  th e  a lg a e  exam ined in  th e  s t u d ie s  l i s t e d  

a b o v e , b e in g  co m p a ra b le  to  th a t  o f  M onostroma (S ie b u r th  1975) or  th e  

b a s a l  p a r t s  o f  A scop h yllu m  (C u n d e ll e t  _al 1 9 7 7 ) . T h is  s i m p l i c i t y  may be 

c o n n e c te d  w ith  th e  r e l a t i v e l y  s h o r t  l i f e s p a n  o f  any p ie c e  o f  L am in aria  

t i s s u e  o r  w ith  a n t im ic r o b ia l  a c t i v i t y  o f  th e  a lg a  ( s e e  s e c t io n  3 .1 3 . ) *

S e v e r a l  s t u d ie s  have in v o lv e d  th e  i s o l a t i o n  and c h a r a c t e r i s a t io n  

o f  b a c t e r i a  from  m arine a lg a e :  Chan and McManus ( 1 9 6 9 ) ,  L aycock  (1 9 7 4 ) ,

B urton  ( 1 9 7 6 ) ,  Kong and Chan ( 1 9 7 9 ) ,  and th e  p r e s e n t  s tu d y  ( s e e  C hapter 5 ) .  

M ost o f  th e  i s o l a t e s  have p roved  to  be G ra m -n eg a tiv e  rod s and have been  

a s s ig n e d  t o  su c h  g en era  a s  V ib r io , Pseudom onas, X anthom onas, A lterm onas  

and F la v o b a c t e r . The taxonomy o f  th e pseudom onad g en era  and o f  11 F la v o b a cter"  

i s  s t i l l  u n s e t t l e d  and i s  r e v ie w ed  by S ie b u r th  ( 1 9 7 9 ) .  The ro d s  w hich  make 

up th e  b u lk  o f  th e  b a c t e r ia  on L . s a c c h a r in a  s u r fa c e s  a re  presum ably  o f



t h i s  g e n e r a l  t y p e ,  w h ich  i s  u b iq u ito u s  on  p a r t i c u l a t e  m a tter  in  th e s e a .

F l e x i b a c t e r i a  ( e . g .  F lo x ib a c te r  and C ytophaga) a r e  a l s o  im p o rta n t in  the  

d e c o m p o s it io n  o f  o r g a n ic  m a tter  in  th e  s e a ,  b u t a r e  o f t e n  i n h ib i t e d  on th e  

r ic h  o r g a n ic  m ed ia  u sed  to  c u l t i v a t e  th e  dom inant G ram -n egative  r o d s .  T h e ir  

taxonom y and c u l t u r e  a re  d is c u s s e d  by L ew in (1 9 6 9 ) and S ie b u r th  (1 9 7 9 ) .

3 . 5 .  DIATOMS ATTACHED TO INTACT FROND SURFACES

3 . 5 . 1 .  R e s u l t s

T he s m a ll  d ia tom  Licm ophora s p . was found on a l l  th e  p la n ts  exam in ed , 

a t  a l l  t im e s  o f  y e a r .  On many p la n ts  i t  was the o n ly  d ia tom  a c t u a l ly  a t ta c h e d  

to  th e  i n t a c t  L am inaria  s u r fa c e .  As shown in  F ig .  3 . 5 . ,  i t  s ta n d s  up from  

th e  f r o n d  s u r f a c e  a t ta c h e d  by i t s  s m a l le r  en d  ( s e e  a l s o  SEM p ic t u r e s ,

P la t e s  f 9 - l l )  . The d i s t r i b u t i o n  o f  t h i s  d ia tom  was s i m i l a r  on a l l  th e  p la n t s .

FIGURE 3 .5 .  Licm ophora s p .



PLATE 9 SEM o f  f r o n d - t ip  s u r f a c e ,  1978 p la n t ,  June 1 9 7 9 .
S ta n d  o f  L icm op hora, low  m a g n if ic a t io n .  S c a le  b ar = 40pm.

PLATE 10 SEM o f  f r o n d - t ip  s u r f a c e ,  1978 p la n t ,  June 1 9 7 9 .
S ta n d  o f  L icm op h ora , h ig h e r  m a g n if ic a t io n ;  m u cilags  
th r e a d s  a l s o  v i s i b l e .  S c a le  b a r  = 20pm.
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I t  was m ost abundant a t  t h e  fr o n d  t i p ;  h e r e  th e r e  w ere some s c a t t e r e d

i n d iv id u a l s  b u t m ost o f  th e  d ia tom s w ere fou n d  in  " s ta n d s ” o f  up to

0 . 2 mm i n  d ia m eter  and o f  r a t h e r  i r r e g u la r  sh a p e , w ith in  w h ich  th ey  w ere

d i s t r i b u t e d  a p p a r e n tly  a t  random a t  d e n s i t i e s  in  th e  ran ge 7 5 -2 5 0  c e l l s  

- 2
mm . T h ese s ta n d s  u s u a l ly  o cc u p ie d  ab o u t 207o o f  th e  s u r fa c e  a rea  a t  th e  

ex trem e fro n d  t i p .  Lower down th e  fr o n d  th e  d e n s it y  o f  s t a n d s ,  th e  s i z e  

o f  s ta n d s  and th e  d e n s it y  o f  d ia tom s w it h in  s ta n d s  a l l  p r o g r e s s iv e ly  

d e c r e a s e d , u n t i l  o n ly  a  few  s c a t t e r e d  i n d i v i d u a l s ,  and f i n a l l y  none a t  a l l ,  

rem a in ed . I t  was g e n e r a l ly  a t  30-50cm  ab ove th e  frond  b a se  t h a t  th e  

L icm ophora f i n a l l y  d is a p p e a r e d , though on one o r  two p la n t s ,  n o ta b ly  th e  

rem nants o f  1978 p la n t s  in  Jan uary 1 9 8 0 , a few c e l l s  w ere s e e n  a lm o st a t  

th e  fro n d  b a s e .  I t  m igh t b e  e x p e c te d  t h a t  th e  lo w er  l i m i t  o f  th e  L icm ophora  

w ould  b e  fu r th e r  from th e  fr o n d  b a se  in  th e  ra p id  grow th s e a s o n ,  b u t no 

e v id e n c e  o f  t h i s  was fo u n d , p o s s ib ly  b e c a u se  n o t enough p la n t s  w ere ex a m in ed . 

T here w ere few er  Licm ophora on th e  v ery  you ng 1979 p la n t s  in  th e  May 1979 

sam p le  th an  on any o th e r  p la n t s ,  o n ly  v er y  sm a ll s ta n d s  in  th e  t i p  r e g io n .

On some p la n t s  a sm a ll number o f  a  R h o ico sp h e n ia  s p e c i e s  w ere found g ro w in g  

t o g e t h e r  w ith  th e  L icm op hora. a tta c h e d  t o  th e  fro n d  in  th e  same u p r ig h t  

p o s i t i o n .

3 . 5 . 2 .  D is c u s s io n

The d iatom  f l o r a  o f  L . s a c c h a r in a  fro n d s a t  th e  W ish ing W ell c o n s i s t e d  

o f  th r e e  s e p a r a te  m ic r o h a b ita t  a s s o c ia t io n s :

( i )  th o s e  a t ta c h e d  d i r e c t l y  t o  th e  fron d  s u r fa c e  (c o n s id e r e d  i n  t h i s  

s e c t i o n ) .

( i i )  th o s e  a s s o c ia t e d  w ith  o th e r  e p ip h y te s  on th e  fr o n d  s u r f a c e  -  

f i la m e n to u s  brown a lg a e ,  h y d r o id s  and b ry o zo a  ( s e e  s e c t io n s  3 . 7 . ,  3 . 8 , .  and 

3 . 9 .  r e s p e c t i v e l y ) .

( i i i )  th o s e  l i v i n g  on d ecom p osin g  t i s s u e  and in  p i t s  and c r a c k s  i n  th e  

s u r f a c e  ( s e e  s e c t i o n  3 .1 0 ) .



-  41 -

Aleem (1 9 5 0 ) and Round (1 9 7 1 )  b o th  o b se r v e d  th a t  la r g e  m u c ila g in o u s  

a lg a e  su ch  as L am in ar ia  had r e l a t i v e l y  few e p ip h y t ic  d iatom s com pared w ith  

f i la m e n to u s  a lg a e  su ch  as C lad op h ora  o r  E c to c a r p u s . Round (1 9 7 1 )  a l s o  

s t a t e d  th a t  some la r g e  a lg a e  h ave an e p ip h y t ic  f l o r a  c o n s i s t i n g  a lm o st  

s o l e l y  o f  one s p e c i e s ,  o f t e n  a  L icm ophora o r  an A ch n an th es. T h ese  rem arks 

c e r t a i n l y  a p p ly  to  t h e  f l o r a  o f  i n t a c t  L . s a c c h a r in a  s u r f a c e s ,  w hich  seem  

u n a t t r a c t iv e  t o  m ost d ia to m s , p o s s ib ly  b e c a u se  o f  th e  p h y s ic a l  p r o p e r t ie s  

o f  th e  fro n d  o r  th e  p r e s e n c e  o f  a n t im ic r o b ia l  s u b s ta n c e s  ( s e e  s e c t i o n  3 . 1 3 . ) .  

The Licm ophora h as presum ably  e v o lv e d  a method o f  overcom in g t h i s ;  an  

a l t e r n a t iv e  e x p la n a t io n ,  th a t  L icm ophora i t s e l f  e x c lu d e s  o th e r  d ia to m s from  

th e  fro n d  s u r f a c e ,  seem s u n l i k e l y  b eca u se  o f  th e  low  p e r c e n ta g e  c o v e r  w h ich  

i t  a c h ie v e s  com pared, f o r  ex a m p le , w ith  t h a t  rea ch ed  by C o c c o n e is  sp p . on  

C ladophora ( s e e  p ic t u r e s  i n  S ie b u r th  ejt _al (1 9 7 4 )). Why L icm ophora d o es n o t  

rea ch  a h ig h e r  d e n s i t y ,  and why i t  o c c u r s  in  s t a n d s ,  a re  n o t a p p a ren t;  

perhaps th e  c e l l , d iv i s i o n  r a t e  o f  t h i s  s p e c i e s  i s  low  in  th e  f r o n d -s u r fa c e  

h a b i t a t .  A lth o u g h  i t  seem s to  be s p e c i a l i z e d  fo r  l i f e  on th e  fr o n d , and 

m ight p o s s ib ly  be p a r t i a l l y  n u t r i t i o n a l l y  d ep en d en t on d is s o lv e d  o r g a n ic  

m a tter  r e le a s e d  by th e  L a m in a r ia . th e r e  i s  no e v id e n c e  fo r  a s e m i- p a r a s i t ic  

o r  p a th o g en ic  way o f  l i f e  a s  shown by th e  C o c c o n e is  s p e c ie s  w h ich  p e n e tr a te  

th e  ep id e rm is  o f  h o s t s  r a n g in g  from a lg a e  t o  w h a les  ( s e e  d i s c u s s io n  in  

S ie b u r t h ,1 9 7 9 )•

3 . 6 .  MACROSCOPIC ALGAE ON THE FROND SURFACE

3 . 6 .1 .  R e s u lt s

T a b le  3 . 2 .  shows th e  d i s t r i b u t i o n  o f  m a c r o -a lg a l (and  fu n g a l)  

e p ip h y te s  on two 1978 and one 1979 L . sa c c h a r in a  p la n t s  in  A p r il 1 9 7 9 .

On th e  1978 p la n t s  more e p ip h y te  s p e c i e s  w ere found on th e  s t i p e s  th a n  on  

th e  fr o n d s . The e c to c a r p o id  f i la m e n ts  w h ich  w ere th e  o n ly  e p ip h y te s  on th e  

fron d  w ere n o t  found in  th e  m eristem  r e g io n ,  but th e r e  was no o b v io u s  

d if f e r e n c e  in  s p e c ie s  number betw een  th e  o ld e r  and you nger p a r t s  o f  th e  s t i p e .
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The 1977 p la n t  c a r r ie d  more s p e c i e s  th an  d id  th e  1978 p la n t s ;  a g a in  th e r e  

w ere more s p e c i e s  on th e  s t i p e ,  b u t th r e e  s p e c i e s  in  a d d it io n  to  th e  

e c to c a r p o id  f i la m e n ts  w ere fou n d  on th e  fr o n d . E c to c a r p o id  f i la m e n ts  

w ere found even  i n  th e  m er istem  r e g io n .

The e c to c a r p o id  f i la m e n ts  on th e  frond  were s t u d ie d  in  more d e t a i l  

in  th e  b im onth ly  sa m p lin g  programme. I d e n t i f i c a t i o n  o f  a lg a e  in  t h i s  

group i s  d i f f i c u l t ,  b u t i t  ap peared  th a t  th e r e  was o n e  s p e c ie s  w h ich  was 

p r e s e n t  th rou gh ou t th e  y e a r .  T h ese f i la m e n ts  em erged in  clum ps from  

" c r a te r s "  in  th e  L a m in a r ia  s u r fa c e  ( s e e  F ig .  3 . 6 .  and P la t e  1 2 ) ,  w h ich  

s u g g e s t s  th a t  t h i s  was an e n d o -e p ip h y te  o f  th e  ty p e  d e s c r ib e d  by F r i t s c h  

(1 9 4 5 ) in  w hich  t h e  b a s a l  f i la m e n ts  ram ify  w ith in  th e  h o s t  and th e  e r e c t

FIGURE 3 .6 .  E m ergent f i la m e n t s  o f  th e  e n d o -e p ip h y t ic  e c to c a r p o id

dump with two 
long filaments

surface view dump in 
profileof young dump

f i la m e n ts  emerge th rou gh  i t s  s u r f a c e .  E cto c a rp o id  f i la m e n ts  o f  o n e  or  

more o th e r ,  a p p a r e n tly  n o n -e n d o p h y tic , s p e c ie s  w ere p r e s e n t  on th e  fr o n d s  

from February to  J u n e .



PLATE

PLATE

11 SEM o f  frond t ip  s u r fa c e ,  1978 p lan t  June 1979. vYithin
stand o f  Licmophora, showing a lso  m u l t i c e l l u l a r  b a c te r ia l
f i la m e n ts ,  m ucilage th r ea d s ,  rod-shaped b a c t e r ia  on
frond s u r fa c e .

S c a le  bar = 10um

12 SEM o f  frond t ip  s u r fa c e ,  1978 p la n t ,  June 1979.
Young clump o f  emergent f i la m e n ts  o f  t h e  e p i-en d o p h y tic  
e c to ca rp o id  a lg a .  S c a le  bar = 20ym.



\
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S e a so n a l p a t te r n  o f  grow th  and d i s t r i b u t i o n  o f  e c to c a r p o id  f i la m e n ts  -
1978 p la n t s

In  Jan u ary  1979 clum ps o f  th e  em ergent f i la m e n ts  o f  th e  e n d o -e p ip h y te

( h e r e a f t e r  r e f e r r e d  to  s im p ly  a s  "clum ps") w ere p r e s e n t  on th e  fr o n d  t i p s

-2a t  a  d e n s i t y  o f  3-6mm . M ost clum ps had 3 -6  f i la m e n t s ,  b u t some had up

to  20* The s i z e  o f  th e  c e l l s  in  th e  f i la m e n ts  was 10x12pm and m ost o f

th e  f i la m e n ts  w ere o n ly  2 o r  3 c e l l s  lo n g ,  th ou gh  a few clum ps had 1 o r  2

f i la m e n ts  up to  90pm lo n g .  Lower down th e  fr o n d  th e  d e n s it y  o f  clum ps

p r o g r e s s iv e ly  d e c r e a s e d  and none w ere se e n  b e lo w  30cm, On th e  1978 p la n t  ( i )

i n  th e  May 1979 sam p le young clum ps w ere found a s  fa r  back a s  90cm , and

-2a t  th e  fro n d  t i p ,  clum p d e n s i t y  was 4-6mm . M ost o f  th e  f i la m e n t s  in  th e

fro n d  t i p  clum ps w ere o n ly  a few  c e l l s  lo n g  b u t o t h e r s ,  perh ap s 30%, w ere  

lo n g e r ,  up t o  7 o r  8 mm. The c e l l s  in  th e  a p ic a l  p a r ts  o f  th e s e  f i la m e n ts  

w ere wo6x25pm in  s i z e ,  lo n g e r  and narrow er th an  th o s e  a t  th e  f i la m e n t  b a s e .

A sm a ll number o f  groups o f  f i la m e n t s  up to  1cm lo n g  b e lo n g in g  to  non- 

e n d o p h y tic  e c to c a r p o id  s p e c i e s  w ere p r e s e n t  on th e frond  t i p .  In  June 1979 

both  th e  e p i-e n d o p h y t ic  and th e  o th e r  f i la m e n ts  rea ch ed  t h e i r  maximum 

l e n g t h s ,  wolcm and «/» 2.5cm  r e s p e c t i v e l y .  In  J u ly  1979 th e  d i s t r i b u t i o n  o f  

f i la m e n ts  was much a s  in  May 1979 , b u t a l l  th e  n o n -en d o p h y tic  f i la m e n ts ,  

and a l l  th e  l a r g e r  and a lm o s t  a l l  th e  s h o r te r  f i la m e n ts  in  th e  clum ps, 

appeared  to  b e  d ead ; th e  c e l l s  w ere em pty, o n ly  th e  w a l l s  r e m a in in g . S p ores  

w ere p ro b a b ly  prod uced  b e fo r e  th e  f i la m e n t s  d ie d ,  t h i s  was n o t o b serv e d  in

1979 b u t m icrograp hs ta k en  in  1980 show sp o r a n g ia  ( P l a t e  1 3 ) .  In  Septem ber

1979 clum ps w ere p r e s e n t  on th e  fro n d  t i p  o f  1978 p la n t  ( i )  a t  a  d e n s i t y  

-2
o f  wrtimm and m ost o f  t h e  f i la m e n ts  s e e n  w ere d ea d . The d e n s it y  o f  clum ps

a g a in  d e c r e a se d  down th e  fro n d  and none w ere s e e n  below  70cm. I n  November

1979 and Jan uary 1980 young clum ps a g a in  a p p ea red , th e  d e n s it y  r e a c h in g  

-2
</» 2mm on th e  fro n d  t i p  in  J a n u a ry . 1979 p la n ts .  When f i r s t  exam ined

_ 2
in  May 1979 clum ps w ere p r e s e n t  on th e  fro n d  t i p  a t  a d e n s i t y  o f  l-2mm 

and on n e i t h e r  p la n t  w ere any se e n  below  50cm. Growth and d ea th  o f  t h e s e  

f i la m e n t s ,  and th e  ap p ea ra n ce  and d isa p p e a r a n c e  o f  n o n -en d o p h y tic  f i la m e n t s ,  

was much a s d e s c r ib e d  fo r  1978 p la n t s .
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r o D is c u s s io n  
3»®  ------------------

B a l la n t in e  (1979) s tu d ie d  th e  m a cr o -a lg a l  e p ip h y te s  on a v a r i e t y  o f  

a l g a e  o f f  P u erto  R ico . He found th a t  some h o s t  s p e c i e s  c a r r i e d  more 

epiphyte s p e c i e s  than d id  o t h e r s  and th a t  t h e s e  "good" h o s t s  a l s o  had 

h e a v i e r  e p ip h y te  lo a d s  ( g e p ip h y t e /g  h o s t ) .  He a l s o  found more e p ip h y te  

s p e c i e s  and i n d i v id u a l s  on th e  o ld e r  ( b a s a l  in  th e  c a s e  o f  h i s  h o s t  s p e c i e s )  

p a r t s  o f  the h o s t  fron d . On the grounds o f  i t s  e p ip h y te  s p e c i e s  number 

T,. sa c ch a r in a  would f a l l  i n t o  B a l la n t in e *  s *'poor host*' c a t e g o r y ,  though 

epiphyte d i v e r s i t i e s  in  g e n e r a l  might be e x p e c te d  to  be low er  in  S c o t la n d  

t h a n  i n  P uerto  R ic o .  The low d i v e r s i t y  and th e  z o n a t io n  o f  e p ip h y t e s  on 

t h e  frond are  d i s c u s s e d  in  s e c t i o n  3 .1 3 .

Norton e t  a l  (1977 )  noted  t h a t  th e  s t i p e s  o f  L . hyperborea c a r r i e d  

a h e a v ie r  and more d i v e r s e  e p ip h y te  f l o r a  than th e  fr o n d s ,  and t h e  same 

was tru e  o f  L. s a c c h a r in a  a t  th e  W ish ing  W e ll .  Two f a c t o r s  which may 

e x p la in  t h i s  are t h e  s h o r te r  l i f e  o f  any s e c t i o n  o f  frond t i s s u e ,  and th e  

harder, l e s s  f l e x i b l e  n a tu re  o f  the s t i p e .  Many o f  the e p ip h y te s  on 

L. sa c ch a r in a  s t i p e s  were s m a l le r ,  presumably s h o r t e r  l i v e d ,  s p e c i e s  than  

th o se  recorded from th e  s t i p e s  o f  L. hyperborea  by Norton ejt a l  ( 1 9 7 7 ) .

This i s  probably  r e l a t e d  to  th e  s h o r te r  l i f e s p a n  o f  L. s a c c h a r in a  and 

p o s s ib ly  a l s o  t o  th e  g r e a t e r  smoothness and f l e x i b i l i t y  o f  i t s  s t i p e .

I t  i s  n o t  known to what e x t e n t  e p i - e n d o p h y t ic  e c to c a r p o id  a lg a e  are  

n u t r i t i o n a l l y  dependent on t h e i r  h o s t s .  R u s s e l l  (1964) found t h a t  th e  

endophytic  f i l a m e n t s  o f  L am in ar ioco lax  to m e n to so id e s  ( F a r l . )  K y l i n ,  which  

grows m ainly on Lam inaria  s p p . , p e n e tr a te d  th e  h o s t  c e l l s ,  and t h a t  an 

e x t e n s iv e  en d o p h y tic  system  probably  b e lo n g in g  to  t h i s  s p e c i e s  was p r e s e n t  

in  Laminaria d i g i t a t a  d u r in g  J u ly  and August when no e p ip h y t ic  f i la m e n t s  

were v i s i b l e .  The endoph ytic  sy stem  can r e c e i v e  l i t t l e  l i g h t  and R u s s e l l  (1964)  

found th a t  th e  c h l o r o p l a s t s  o f  en d op h ytic  L. to m en to so id es  f i l a m e n t s  were  

" r a th er  reduced". On th e  o th e r  hand R u s s e l l  (1 9 6 4 )  and K y lin  (1 9 3 7 ,  quoted  

in  R u s s e l l  1964) s u c c e s s f u l l y  grew L. to m e n to so id e s  in  c u l t u r e  w i th o u t  any



s o  t h e  a s s o c i a t i o n  w i t h  t h e  h o s t  i s  n o t  o b l i g a t o r v .organic s u p p l e m e n t ,

I  JL t h e  e c t o c a r p o i d  f i l a m e n t s  o n  L .  s a c c h a r i n a  a r e  l o n g e s t ,  i n

a n d  J u n e ,  o t h e r  e p i p h y t e s  c o l l e c t  a r o u n d  th e m  ( s e e  b e l o w ) .
April* - a>r

w 7 m a t e r ia l  .a c c u m u la t in g  a r o u n d  e c t o c a r f o i d  f i l a m e n t s

3 . 7 . 1 .  R e s u l t s

I n  l a t e  s p r i n g -  a n d  e a r l y  s u m n e r  a  p r o m i n e n t  f e a t u r e  o f  t h e  f r o n d

u r f a c e ,  p a r t i c u l a r l y  t o w a r d s  t h e  t i p ,  w a s  w h a t  a p p e a r e d  t o  t h e  n a k e d  e y e

f l o c u l e n t  l i r d i t  b r o w n  m a t e r i a l  w h i c h  was  l o o s e l y  a t t a c h e d  t o  t h e  f r o n d ,  as £

b e i n g  e a s i l y  w a s h e d  o f f  b y  v i o l e n t  w a t e r  m o v e m e n t s .  U n d e r  t h e  l i g h t

m i c r o s c o p e  i t  c o u l d  b e  s e e n  t h a t  t h i s  m a t e r i a l  c o n s i s t e d  o f  a  m u c i l a g - e

m a t r i x  in  w h i c h  w e r e  f o u n d  s e d i m e n t  g r a i n s ,  f a e c a l  p e l l e t s ,  f l a g e l l a t e s ,

c i l i a t e s  and  a  g r e a t  v a r i e t y  o f  d i a t o m s .  N o n e  o f  t h e s e  w a s  a t t a c h e d  t o  t h e

f r o n d ;  a l l  l a y  f r e e  i n  t h e  m a t r i x  o r  w e r e  a t t a c h e d  t o  t h e  e c t o c a r p o i d

f i l a m e n t s .  I t  s e e m e d  t o  b e  t h e s e  f i l a m e n t s ,  a s s i s t e d  by  f i l a m e n t o u s  d i a t o m s ,

wh ich  r e t a i n e d  t h e  m a t e r i a l  o n  t h e  f r o n d .  M a t e r i a l  a l s o  c o l l e c t e d  i n  t h e

b o t to m  o f  d i m p l e s  i n  t h e  d i m p l e d  r e g i o n  o f  t h e  f r o n d .

P l a t e s  1 3 - 1 8  a r e  l i g h t  m i c r o g r a p h s  o f  t h e  m u c i l a g i n o u s  m a t e r i a l .

P l a t e  13 sh ow s a n  e c t o c a r p o i d  f i l a m e n t  w i t h  s p o r a n g i a ,  P l a t e  14 a  f a e c a l

p e l l e t ,  probably f r o m  a  h a r p a c t i c o i d  c o p e p o d .  P l a t e s  1 5 - 1 8  s h o w  d i a t o m s

i  h in  the matrix, s p e c i e s  o f  M e l o s i r a , R h a b d o n e m a  a n d  P l e u r o s i g m a  i n

l a t e s  1 4 - 1 7  r e s p e c t i v e l y ,  a n d  o f  S y n e d r a  a n d  C o c c o n e i s  i n  P l a t e  1 8 .  A

colonial Rhabdonema can b e  s e e n  i n  P l a t e  2 0 ,  a n d  o t h e r  d i a t o m s  p r e s e n t

H Uded Grammatophora a n d  s o l i t a r y  a n d  t u b e - f o r m i n g  s p e c i e s  o f  N a v i c u l a .

IQ  O i a r e  SEM p i c t u r e s  t a k e n  t o  sh o w  how m a t e r i a l  c o l l e c t e d  a r o u n d

 ̂ a r p o i d  and d i a t o m  f i l a m e n t s .  Much o f  t h e  m a t e r i a l  h a s  b e e n  w a s h e d  o f f  

^Prino- f  ■
i x a t i o n  a n d  d e h y d r a t i o n  ( s e e  s e c t i o n  3 . 1 . 5 . )  b u t  e n o u g h  r e m a i n s

i  1 1  u
P* 8 r a t e  t h e  p o i n t .  I n  a l l  t h r e e  p l a n t s  m u c i l a g i n o u s  m a t e r i a l  o v e r l i e s  

s t a nds o f
B r  d i a t o m  L i c m o p h o r a  ( s e e  s e c t i o n  3 . 5 . ) .  P l a t e s  19 a n d  2 0  l o o k  

E r e c t l y  d
own onto t h e  s u r f a c e ,  w h i l e  P l a t e  21 l o o k s  down o b l i q u e l y  t o  s h o w

how t h e
a t e r i a l  s t a n d s  u p  f r o m  t h e  s u r f a c e .



PLATE 13 L ig h t  m icrograph o f  frond t i p  s u r f a c e ,  1978 plant
May 1979. E c to c a rp o id  f i l a m e n t  w ith  sporan g ia .
Trapped m u c i la g e .  x l 5 0 .

PLATE 14 L ig h t  m icrograph o f  frond t i p  s u r fa c e ,  1978 plant,
May 1979. F a e c a l  p e l l e t  in  m ucilage  m atr ix  trapPe<* 
among a l g a l  f i l a m e n t s .  x 6 0 0 .



PLATE 15 L ig h t  m icrograph o f  frond t i p  s u r fa c e ,  1978 p la n t ,
May 1979. Diatom M e lo s ir a  in  m ucilage  m a tr ix .  x600.

PLATE 16 L ig h t  m icrograph o f  frond t i p  s u r fa c e ,  1978 p l a n t ,
May 1979. Diatom Rhabdonema in  m ucilage  m a tr ix .  x600.
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PLATE 17 L ig h t  m icrograph o f  frond t i p  s u r f a c e ,  1978 p la n t ,
May 1979. Diatom P leurosigm a in  m u cilage  m atr ix .  x600.

PLATE 18 L ig h t  micrograph o f  frond  t i p  s u r f a c e ,  1978 p la n t ,
May 1979. Diatoms Synedra and C occon e is  in  m ucilage  
m a tr ix .  x600.



PLATE 19 SEM o f  frond t ip  s u r f a c e ,  1978 p l a n t ,  June 1979.
M ucilage  m a te r ia l  c o l l e c t e d  around a l g a l  f i l a m e n t s .
S c a le  bar = 100pm.

PLATE 20 SEM o f  frond t i p  s u r f a c e ,  1978 p l a n t ,  June 1979.
M ucilage  m a te r ia l  c o l l e c t e d  around f i la m e n t  o f  a 
c o l o n i a l  d iatom , ( Rhabdonema s p . ) .  S c a le  bar = 100pm.

/
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PLATE 21 SEM o f  frond t ip  s u r f a c e ,  1978 p l a n t ,  June  
O b liq u e  view  to  show how m ucilage  m a te r ia l  
up from frond s u r f a c e .  S c a le  bar = 100pm.

1979. 
s tands
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Many o f  th e  c i l i a t e s  c o n ta in e d  d ia tom s w hich  th ey  had in g e s t e d .  

F lu o r e s c e n c e  m icro sco p y  showed th a t  b a c t e r ia  w ere numerous in  th e  m a tr ix ;  

th e y  w ere m a in ly  s h o r t  r o d s ,  w ith  a few f l e x i b a c t e r i a .  The f l a g e l l a t e s  

w ere presum ably  f e e d in g  on th e s e  b a c t e r ia .

S ea so n a l a s p e c t s  -  1978 p la n t s  -  In  January 1979 a sm a ll number o f  

d ia to m s o f  m ost o f  th e  g en era  m en tion ed  above w ere  c o l l e c t e d  around th e  

b a s e s  o f  clum ps o f  e c to c a r p o id  f i la m e n t s .  In  March th e  f i la m e n ts  w ere  

lo n g e r  and th e  number o f  d ia to m s g r e a t e r .  By May th e  m a te r ia l  d e s c r ib e d  

ab ove had d e v e lo p e d , in  p la c e s  on th e  frond  t i p  in  su ch  q u a n t i t i e s  th a t  

th e  d ia tom  c o v e r  e x c e e d e d  100%. The amount p r e s e n t  d ec r e a se d  p r o g r e s s iv e ly  

down th e  fron d  and none was s e e n  b elow  60cra on p la n t  ( i )  and 50cm on p la n t

( i i ) .  In  th e  r e g io n  60-100cm  on b o th  p la n ts  th e  m a te r ia l  was n o t ic e a b ly  

more abundant in  th e  d im p le s  o f  th e  d im pled  r e g io n  o f  th e  fron d  th an  on th e  

f l a t  p o r t io n s ,  and c o n ta in e d  few er d ia to m s than  th e  m a te r ia l  a t  th e  fron d  

t i p ,  some o f  th e  s m a l le r  p a r t i c l e s  c o n s i s t i n g  a lm o st e n t i r e l y  o f  m u c ila g e  

w ith  a few sed im en t g r a in s .  In  J u ly  m ost o f  th e  m a te r ia l  had d isa p p e a r e d  

l e a v i n g  o n ly  a  s m a ll  amount around th e  dead e c to c a r p o id  f i la m e n t s ,  and o n ly  

v e r y  sm a ll amounts w ere se e n  in  Septem ber o r  November 1979 . 1979 p la n t s  -

t h e s e  fo llo w e d  th e  same p a t te r n  b u t th e  amount o f  m a te r ia l  p r e s e n t  was 

n e v e r  a s  g r e a t  as on th e  1978 p la n t s .

3 . 7 . 2 .  D is c u s s io n

The d evelop m en t o f  t h i s  m a te r ia l  was c o r r e la t e d  i n  tim e  w ith  th e  

grow th o f  th e  e c to c a r p o id  f i la m e n t s .  The m u c ila g e  m a tr ix  p ro b a b ly  came 

from th e  L am in aria  and becam e trapped  in  th e  f i la m e n t s .  T here seem s t o  be  

no in fo r m a t io n  on th e  p r o d u c t io n  o f  m u c ila g e  by brown a lg a e  and in  p a r t ic u la r  

on i t s  s e a s o n a l  v a r i a t i o n ,  b u t i t  seem s l i k e l y  th a t  a t  l e a s t  some i s  

produced  a l l  y ea r  and in  th e  a b sen ce  o f  e p ip h y t ic  f i la m e n ts  i s  l o s t  in t o  

th e  s e a .  A f i la m e n t -m u c ila g e  com plex w ould  be ex p ec ted  t o  tr a p  sed im en t  

g r a in s  su sp en d ed  by wave a c t io n .  The ap pearan ce and d isa p p e a r a n c e  o f  th e  

d iatom s c o in c id e d  w ith  t h o s e  o f  th e  r e s t  o f  th e  m a t e r ia l ,  and i t  seem s
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l i k e l y  t h a t  in  th e  a b sen ce  o f  th e  f i la m e n ts ,u n a t ta c h e d  d ia to m s  w ere u n a b le  

t o  rem ain  on th e  frond  s u r f a c e .  Aleem (1 9 5 0 ) found th a t  l i t t o r a l  d iatom s  

showed in  g e n e r a l two s e a s o n a l  peaks o f  abundance, one in  th e  s p r in g  and 

a l e s s e r  on e in  th e  autumn. S tu d ie s  by C a s te n h o lz  (1 9 6 1 ) and Jan ason  (1 9 6 9 )  

showed th a t  in  some c a s e s  a t  l e a s t  th e  summer minimum i s  th e  r e s u l t  o f  

g r a z in g . T h is  p a tte r n  o f  abundance was n o t  shown by th e  d ia to m s in  th e  

m u cila g e  m a tr ix , b u t p o t e n t i a l  g r a z e r s  o f  d ia to m s ( c i l i a t e s ,  t u r b e l l a r i a n s , 

h a r p a c t ic o id  cop ep od s) w ere  p r e s e n t  and c o u ld  h ave p la y e d  a s u b s id ia r y  

p a r t  in  r e d u c in g  d iatom  numbers w ith in  th e  o v e r a l l  p a t te r n  s e t  by th e  

grow th and d ea th  o f  th e  e c to c a r p o id  f i la m e n t s .

Aleem (1 9 5 0 ) o b serv e d  t h a t  d u r in g  calm  w e a th e r  in  l a t e  summer th e  

fr o n d s  o f  L am in aria  in  s h e l t e r e d  p o o ls  a t  S t .  A ndrew s, F i f e ,  w ere co v e red  

w ith  a  s lim y  grow th o f  d ia to m s , m a in ly  s p e c ie s  o f  A ch n a n th es. L icm ophora, 

S y n e d r a . Amphora. Grammatophora. C o c c o n e is  and C a m p y lo n e is . T h is  c o u ld  

h a v e b een  m a te r ia l  s im i la r  to  t h a t  d e s c r ib e d  a b o v e , e i t h e r  u n a tta c h e d  and 

re m a in in g  on th e  fr o n d  i n  th e  a b se n c e  o f  w a te r  m ovem ent, o r  tra p p ed  in  

f i la m e n t s  o f  some ty p e  n o t  found on L . s a c c h a r in a  a t  th e  W ish in g  W ell 

a t  t h i s  tim e  o f  y e a r .

3 . 8 .  HYDRO I PS

3 , 8 . 1 .  D is t r ib u t io n  and abundance

O nly one s p e c ie s  o f  h y d r o id , O b e l ia  g e n ic u la ta  ( L ,) ,  was reco rd ed  

from th e  fr o n d s , n ev er  i n  v er y  la r g e  q u a n t i t i e s .  On 1978 p la n t s ,  f o r  

exam p le , a  few stem s w ere  p r e s e n t  on th e  fron d  t i p s  i n  Jan uary  1979 and  

March 1 9 7 9 , In  May and J u ly  1979 r a t h e r  more was p r e s e n t  on a l l  p a r ts  

o f  th e  fron d  e x c e p t  th e  m e r is tem , in d i c a t in g  th a t  s e t t le m e n t  o cc u r red  a t  

t h i s  tim e  o f  y e a r .  O b e lia  was p r e s e n t  on th e  t i p  and m id -fro n d  in  

Septem ber 1979 and on th e  t i p  i n  November 1 9 7 9 , b u t was a b se n t in  January  

1980 .
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3 . 8 . 2 .  O rganism s a s s o c ia t e d  w ith  h y d ro id s

In  J u ly  1979 O b e lia  stem s s e r v e d  as a su b stra tu m  fo r  th e  a tta ch m en t  

o f  v a r io u s  d ia tom s ( in c lu d in g  L icm op hora , C o c co n e is  and Rhabdonema) a 

few  g reen  and red  a l g a l  s p o r e l i n g s ,  and a  la r g e  number o f  f i la m e n ts  2-3}im 

in  d ia m ete r  w h ich  w ere p rob ab ly  b lu e -g r e e n  a lg a e .  M ost o f  th e s e  w ere  

n e v e r  see n  a t ta c h e d  to  L am inaria  s u r fa c e s  o r  w ere much l e s s  abundant th e r e .

3 . 8 .3 .  D is c u s s io n

At Plym outh 0 .  g e n ic u la t a  c a r r ie d  gonophores from March t o  Sep tem ber, 

and O b e lia  medusae w ere found i n  th e  p la n k to n  m a in ly  from s p r in g  to  autumn 

(M arine B io lo g ic a l  A s s o c ia t io n ,  1 9 5 7 ) . A lo n g  p e r io d  in  s p r in g  and summer 

d u r in g  w hich  s e t t l e m e n t  can  o cc u r  i s  c o n s i s t e n t  w ith  th e  o b s e r v a t io n s  

d e s c r ib e d  ab ove. B eca u se  O b e lia  was n ev er  abundant on th e  fr o n d s , h y d r o id  

stem s w ere n o t q u a n t i t a t iv e l y  im p o r ta n t as a su b stra tu m  fo r  e p ip h y te s ,  

b u t th e  d iv e r s i t y  o f  org a n ism s a t t a c h in g  to  them c o n tr a s t e d  sh a r p ly  w ith  

th e  la c k  o f  d iv e r s i t y  on i n t a c t  L . s a c c h a r in a  s u r f a c e s .

3 . 9 .  BRY0Z0ANS

M embranipora membranacea (L .)  was th e  o n ly  bryozoan  fou n d  on th e  

fron d s e x c e p t  f o r  two c o l o n i e s  o f  E le c t r a  p i l o s a  (L .)  s e e n  in  th e  May 1979  

sam ple.

3 . 9 . 1 .  D is t r ib u t io n  and grow th -  1978 p la n ts

In  Jan u ary  1979 th e r e  w ere  a few  c o lo n ie s  > 1 cm in  d ia m e te r  above th e

30cm l e v e l  on 1978 p la n t  ( i ) ,  w h i le  in  March and May 1979 no bryozoans w ere

s e e n . The d i s t r i b u t i o n  o f  c o l o n i e s  on th e  J u ly  p la n t  ( i )  i s  shown in

F ig .  3 . 7 . ,  th e  d i s t r i b u t i o n  on p la n t  ( i i )  was s i m i l a r .  S e t t le m e n t  o f  

bryozoans had o ccu rred  p r e f e r e n t i a l l y  on th e  lo w er  m id -fro n d  and th e  range  

o f  s i z e  shown by th e  new c o l o n i e s  ( <lm m -0 . 6 cm) in d ic a t e d  t h a t  i t  had 

c o n tin u e d  fo r  s e v e r a l  w eek s. A lth ou gh  th e  s i z e  o f  c o lo n ie s  in c r e a s e d  up 

th e  fro n d  th e r e  was some o v e r la p ,  w ith  s m a ll  and la r g e  c o l o n i e s  a t  th e
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FIG. 3 . 7 . D is t r ib u t io n  o f  Membranipora c o l o n i e s  on 1978 and 1979 
p la n t s ,  J u ly  1 9 7 9 . Only c o l o n i e s  on one s u r fa c e  o f  
th e  frond  a r e  in c lu d e d ;  s im i la r  numbers w ere p r e s e n t  
on th e  o th e r  s u r f a c e .
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same l e v e l  on th e  fr o n d , w h ich  in d ic a t e d  th a t  th e  s e l e c t i o n  o f  th e  l e v e l  

on th e  fro n d  a t  w h ich  to  s e t t l e  was n o t p r e c i s e .  On n e i t h e r  fro n d  was 

th e r e  any a p p a r en t d i f f e r e n c e  betw een  th e  number o f  c o lo n ie s  on th e  w in g s ,  

d im pled  and c e n t r a l  t i s s u e ,  o r  betw een  th e  two s u r fa c e s  o f  th e  fr o n d . 

Membranipora rea ch ed  i t s  peak o f  abundance in  Septem ber 1 9 7 9 , T a b le  3 .3 .  

shows th e  d i s t r i b u t i o n  o f  c o l o n i e s  on 1978 p la n t  ( i ) .  The p r e s e n c e  o f  

c o lo n ie s  < 1 cm i n  d ia m eter  show ed th a t  l im i t e d  s e t t le m e n t  had o ccu rred  in  

J u ly  o r  A u g u st. The c o n f lu e n c e  o f  c o lo n ie s  on th e upper p a r t  o f  th e  

fro n d  r e s u l t e d  from th e  grow th  o f  c o lo n ie s  w h ich  had s e t t l e d  in  May or  

J u n e . In  November 1979 th e  fro n d  t i p  o f  th e  1978 p la n t  Ci) had a 

M embranipora c o v e r  o f  «/>60% and no c o lo n ie s  w ere  p r e s e n t  below  40cm. No

c o lo n ie s  w ere s e e n  on th e  1978 p la n ts  in  Jan uary  1980 . 1979 p la n t s .

The s e a s o n a l  p a t te r n  was v er y  s im i la r  t o  t h a t  on 1978 p la n t s .  The f i r s t  

c o l o n i e s  appeared  i n  May 1 979 , and th e  d i s t r i b u t i o n  o f  c o lo n ie s  i n  J u ly  

i s  shown in  F ig .  3 . 7 .  In  January 1980 a few c o lo n ie s  > 1 cm in  d ia m ete r

rem ained  on th e  u p p er two t h ir d s  o f  th e  fr o n d s .

3 . 9 . 2 .  O rganism s a s s o c ia t e d  w ith  b ryozoan  c o lo n ie s

In  J a n u a r y , Septem ber and November 1979 and in  Jan uary  1980 some o f  

th e  M embranipora c o lo n ie s  in c lu d e d  many d ead  z o o id s .  The em pty z o o e c ia  

w ere o f t e n  a lm o s t  c o m p le te ly  f i l l e d  w ith  d ia to m s o f  s e v e r a l  t y p e s ,  p r i n c i p a l l y

m o t ile  N a v ic u la  s p e c i e s ,  to g e th e r  w ith  o c c a s io n a l  red  and g re en  a lg a l  

s p o r e l in g s .  Up to  200 d ia to m s w ere s e e n  in  one zo o ec iu m , and in  November 

1979 th e r e  w ere c e r t a i n l y  more d ia to m s i n  M embranipora z o o e c ia  than  on  

th e  r e s t  o f  th e  fro n d  p u t to g e th e r .  C i l i a t e s ,  many o f  them w ith  d ia tom s  

in  t h e i r  fo o d  v a c u o le s ,  w ere a l s o  num erous. The s u r fa c e s  o f  l i v e  z o o id s  w ere  

c o lo n i s e d  by a sm a ll number o f  d ia to m s .

3 . 9 . 3 .  D is c u s s io n

The cy p h o n a u tes  la r v a e  o f  Membranipora w ere p r e s e n t  in  th e  p la n k to n  

o f f  Plym outh th ro u g h o u t th e  y e a r  b u t c h i e f l y  i n  autumn (M arine B io lo g ic a l
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130cm -  t i p  few  sm a ll c o lo n ie s

1 2 0 -1 30cm c o l o n i e s  2cm d ia m e te r ;  c o n f lu e n t ;  75% c o v e r

8 0 -9 0cm c o l o n i e s  </» 2cm d ia m e te r ; c o n f lu e n t ;  40% co v e r

40-50cm  3 c o lo n ie s  *  1cm in  d ia m eter

20-30cm  no c o lo n ie s

0 - 1 0 cm no c o lo n ie s

TABLE 3 .3 .  D is t r ib u t io n  o f  M embranipora c o lo n ie s  on 1978 
p la n t  ( i )  in  Septem ber 1979.
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A s s o c ia t io n ,  1 9 5 7 ) . N a ir  (1 9 6 2 ) found t h a t  in  Norway s e t t le m e n t  o ccu rred  

from A p r il  onw ards. In  th e  p r e s e n t  s tu d y  s e t t le m e n t  to o k  p la c e  from May 

u n t i l  Septem ber.

I t  h as been  d em o n stra ted  th a t  c e r t a i n  bryozoan  s p e c ie s  show

( i )  p r e f e r e n t ia l  s e t t le m e n t  o f  la r v a e  on th e  you nger p a r t s  o f  s u b s tr a te  

o r g a n i sm s.

( i i )  p r e f e r e n t ia l  o r i e n t a t io n  o f  a n c e s t r u la e ,a n d

( i i i )  p r e f e r e n t ia l  d ir e c t io n  o f  c o lo n y  g ro w th . (R y la n d , 1959; Ryland and 

S te b b in g , 1971; S te b b in g , 1 9 7 2 ) .  M embranipora grow in g on L am in ar ia  sp p . 

shows random o r ie n t a t io n  o f  a n c e s t r u la e  ( c f .  b a s a l f a c in g  o r ie n t a t io n  

when g ro w in g  on Fucus s e r r a t u s ) b u t c o lo n y  grow th  i s  d ir e c t e d  b a s a l ly  

(R yland  and S te b b in g , 1 9 7 1 )•  P r e f e r e n t ia l  s e t t le m e n t  o f  la r v a e  on th e  

younger p a r t s  o f  L am inaria  fr o n d s  has b een  d em on strated  in  S c r u p o c e l la r ia  

re p ta n s  ( L . )  (R yland  and S te b b in g , 1971; S te b b in g , 1972) b u t a p p a r en tly  

has n o t p r e v io u s ly  been  o b se r v e d  in  M em branipora.

O r ie n ta t io n  o f  Membranipora a n c e s t r u la e  on Fucus i s  p ro b a b ly  a re sp o n se  

t o  th e  d ir e c t io n  o f  w ater  f lo w ; d i r e c t i o n a l  c o lo n y  g ro w th  may s i m i l a r l y  

be a  r h e o p o s i t iv e  r e s p o n s e , o r  may depend on th e  d e t e c t io n  o f  an a g e -  

d ep en d en t p o la r i t y  in  th e  s u b s t r a t e  organ ism  (R yland  and S te b b in g , 1 9 7 1 ) .  

S te b b in g  (1 9 7 2 ) u se d  ch o ice -ch a m b er  ex p er im en ts  t o  show th a t  S c r u p o c e l la r ia  

la r v a e  can  d i s t in g u i s h  you nger from o ld e r  L a m in a r ia  d i g i t a t a  s u r f a c e s .

The d em o n stra tio n  in  th e  p r e s e n t  s tu d y  th a t  th e  b a c t e r i a l  f l o r a  o f  i n t a c t  

L . s a c c h a r in a  s u r fa c e s  i s  m o r p h o lo g ic a lly  s im i la r  a t  a l l  l e v e l s  on th e  

fr o n d  makes th e  s u g g e s t io n  o f  S te b b in g  ( 1 9 7 2 ) ,  th a t  th e  a g e -d ep en d en t  

p o la r i t y  w h ich  b ryozoan s can  d e t e c t  in  t h e i r  h o s t s  i s  d ep en dent on th e  

p r e se n c e  o r  a b sen ce  o f  p a r t i c u la r  m ic r o -o r g a n ism s , s e e n  u n l ik e ly  to  be  

c o r r e c t .  T here i s  no e v id e n c e  to  su p p o rt a  h y p o th e s is  in v o lv in g  th e  

r e c o g n it io n  o f  p a r t ic u la r  m icro -o rg a n ism s r a th e r  th an  one d ep en d in g  on 

d e t e c t io n  o f  d i f f e r e n c e s  in  th e c o n c e n tr a t io n  o r  ch e m ic a l n a tu r e  o f  

s u b s ta n c e s  c o n ta in e d  in  o r  r e le a s e d  by d i f f e r e n t  p a r ts  o f  th e  fr o n d .
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3 .1 0 .  THE COMMUNITY ON DECOMPOSING TISSUE

The d i s t r i b u t i o n  o f  decom posing  t i s s u e  on th e  fr o n d s  and th e p r o c e s s e s  

in v o lv e d  i n  i t s  fo r m a tio n  and e x t e n s io n  w ere d is c u s s e d  in  s e c t io n  3 .2 .

3 .1 0 .1 .  SEM o b s e r v a t io n s

P la t e s  2 2 -2 4  show low  m a g n if ic a t io n  v ie w s  o f  a re a s  o f  d ecom p osin g  

t i s s u e  from th e  fron d  t i p .  In  som e a re a s  th e  c e l l  w a l l s  o f  th e  m eristoderm  

rem ain , w h i le  in  o th e r s  t h i s  t i s s u e  h as been  l o s t  c o m p le te ly ,  e x p o s in g  th e  

la r g e r  c e l l s  o f  th e  u n d e r ly in g  c o r t e x .  P la t e  25 shows an a r e a  t y p ic a l  o f  

th e  sm a ll p i t s  and c r a c k s  common in  th e  t i p  s u r f a c e .  P en n ate  d ia to m s  

a re  found in  t h e s e  d ecom posin g  r e g io n s ,  some a t ta c h e d  to th e  w a l l s  o f  

m eristoderm  and c o r te x  c e l l s ,  o t h e r s ,  presum ably m o t i le  form s, u n a tta c h e d .

The a tta c h e d  form s in c lu d e  R h o ico sp h e n ia  ( P l a t e  22 ) and C o c c o n e is  ( P la t e  2 4 ) ,  

th e  u n a tta ch ed  a r e  p red o m in a n tly  s p e c ie s  o f  N a v ic u la . B a c te r ia  can  be see n  

in  th e s e  th r e e  p la t e s  as d o ts  on a l l  th e  L am inaria  s u r fa c e s  and as f in e  

f i la m e n ts ;  th ey  a r e  shown in  more d e t a i l  in  l a t e r  p la t e s .

P la t e s  2 6 -3 0  a r e  h ig h e r  m a g n if ic a t io n  v iew s o f  d ecom posin g  r e g io n s .  

P la t e s  2 6 -2 8  show t h a t  th e dom inant m o r p h o lo g ica l ty p e  o f  b a cter iu m  o v e r  

e x t e n s iv e  a re a s  o f  L a m in a r ia  c e l l  s u r f a c e  i s  a cu rv ed  rod ab out 2 x 0 .3pm 

in  s i z e .  T hese b a c t e r ia  p rob ab ly  b e lo n g  to  F l e c t o b a c i l l u s . a lth o u g h  no 

r in g  form s w ere see n  ( s e e  d is c u s s io n ,  3 . 1 0 , 2 . ) .  I t  ap p ears th a t  th e y  can  

be a t ta c h e d  t o  th e  s u b s t r a t e  in  a lm o st any o r i e n t a t io n .  S t r a ig h t  ro d s  

o f  s e v e r a l  s i z e s  a re  a l s o  common. P l a t e  30 shows an a r e a  w ith  many s h o r t  

r o d s , «/> 1 . 0 x 0 . 3pm i n  s i z e ,  a g a in  a t ta c h e d  to  L am in aria  c e l l  w a l l s  in  a 

v a r ie t y  o f  p o s i t i o n s .  Longer rod s ca n  b e  se e n  in  P l a t e  2 9 , w here some 

o f  them a r e  a p p a r e n tly  d iv id in g ,  and in  P la t e s  26  and 2 8 . B a c te r ia l  

f i la m e n ts  a r e  p r e s e n t .  The o b v io u s  f i la m e n t  in  P l a t e  26 i s  a b o u t 0.5pm  

w ide and 40pm lo n g , and seem s to  be u n i c e l l u l a r ,  s in c e  no c r o s s  w a l l s  a re  

v i s i b l e .  The f i la m e n t  a t  th e  r ig h t  P l a t e  28 and th o s e  a t  th e  top  o f

P la t e  31 a re  s im i la r .  T h ese a re  p ro b a b ly  F le x ib a c te r  o r  a r e la t e d  g en u s.

The f i la m e n t s  a t  th e  top  l e f t  o f  P la t e  27  a re  o f  s im i la r  d ia m ete r  b ut a r e
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PLATES 22 and 23  SEMs o f  decom posing: t i s s u e ,  fr o n d  t i p ,  1978 p la n t ,  
June 1979 . Low m a g n if ic a t io n  v iew s  to  show  
s t r u c t u r e  o f  fro n d -ed g n  decom posing: a r e a s .  W alls  
o f  m eristod erm  c e l l s  rem ain  in  some a r e a s ;  c o r t i c a l  
c e l l s  a r e  ex p o sed . Numerous a tta c h e d  and u n a tta ch ed  
d ia to m s; b a c te r ia  on a l l  s u r f a c e s .  S c a le  b ars = 40pm.





SEM o f  decom posing  area , frond t i p ,  1978 p l a n t ,  June 1979.  
Low m a g n i f i c a t io n  view to  show s t r u c t u r e  o f  decom posing  
a rea .  Diatom C o c c o n e is .  S c a le  bar = 20 urn

SEM o f  frond t i p ,  1978 p l a n t ,  June 1979. Sm all p i t  in  
s u r f a c e ,  c o lo n iz e d  by d ia to m s .  S c a le  bar = 100pm.





pt.atE 26 SEM of decomposing t is s u e , frond t ip ,  1978 p lant,
June 1979. Curved rods and long u n ice llu la r  b a cter ia l
filam ent. Scale bar = 4uni

PLATE 27 SEM o f  d ecom p osin g  t i s s u e ,  f r o n d  t i p ,  1978 p l a n t ,
June 1979 . Dense c o v e r  o f  c u r v e d  b a c t e r i a  ( F l e c t o b a c i l l u s ) , 
m u l t i c e l l u l a r  b a c t e r i a l  f i l a m e n t s  a t  top  l e f t .
S c a le  bar = 4pm.
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PLATE 28 SEM o f  decom posing  t i s s u e ,  frond t i p ,  1978 p l a n t ,  June 1979 
Curved b a c t e r i a  ( F l e c t o b a c i l l u s ) , u n i c e l l u l a r  f i la m e n t o u s  
b a c t e r i a  ( f l e x i b a c t e r i a ) , and s t r a i g h t  rod-shaped  b a c t e r i a .  
S c a l e  bar = 4pm.

PLATE 29 SEM o f  decom posing t i s s u e ,  frond t i p ,  1978 p l a n t ,  June  1979 
B a c t e r i a  m ainly  lo n g e r  s t r a i g h t  r o d s .  S c a le  bar = 4pm.





PT.aTE 30 SEM o f  decomposing- t i s s u e ,  frond  t i p ,  1978 p l a n t ,  Ju n e  1979
Dense c o v e r  o f  s h o r t  rod-sh aped  b a c t e r i a .  S c a le  bar = 2pm.

PLATE 31 SEM o f  decom posing t i s s u e ,  frond t i p ,  1978 p l a n t ,  June 1979 
Colony o f  a c r y p to c o c c o id  y e a s t ,  surrounded by m u c i la g e .  
F l e x i b a c t e r i a  a l s o  p r e s e n t .  S c a l e  bar = 4pm.





plate

PLATE

32 F lu o r e sc e n c e  m icrograph o f  decom posing t i s s u e ,  frond t i p ,  
1978 p l a n t ,  May 1979. B a c te r ia  are  predom inantly  r o d s ,  
x 1500

33 F lu o r e sc e n c e  m icrograph o f  decomposing t i s s u e ,  frond t i p ,
1978 p l a n t ,  May 1979. Rod-shaped and f i la m en to u s  b a c t e r i a ,  
x 1500
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m u l t i c e l l u l a r ; f i la m e n t s  o f  t h i s  ty p e  up t o  20]im long: w ere s e e n .  T h e ir  

s i z e  in d ic a t e s  t h a t  th ey  a re  p r o c a r y o t ic ,  b u t t h e i r  i d e n t i t y  i s  u n c e r ta in .

The f i la m e n ts  s e e n  exten d in g: o v e r  th e  fron d  s u r f a c e  in  P la t e  11 may be 

o ld e r  and h en ce la r g e r  f i la m e n ts  o f  th e  same g e n e r a l  ty p e .  P la t e  31 shows 

a c r y p to c o c c o id  y e a s t  c o lo n y . A la r g e  amount o f  m u c ila g e  c o l l e c t s  around  

t h e s e  c o lo n ie s  b u t th e  s p h e r ic a l  y e a s t  c e l l s  ca n  c l e a r l y  be s e e n .  The 

c e l l  s i z e  ap p ears t o  vary  w ith  th e  c o lo n y  s i z e ;  th e  c e l l s  in  P l a t e  31 a re  

a b o u t 1.5pm in  d ia m e te r , w h i le  in  la r g e r  c o l o n i e s  c e l l s  o f  up t o  4.5pm  

w ere s e e n . No d e f i n i t e  s p a t i a l  p a t te r n  o f  th e  d i f f e r e n t  ty p e s  o f  

m icro -o rg a n ism s i n  th e  d ecom p osin g  a r e a s  c o u ld  be d is t in g u i s h e d .  Some 

sm a ll  a r e a s  su ch  a s  th a t  in  P la t e  30 have p red o m in a n tly  on e ty p e  o f  

bacterium ,, b u t i n  m ost a rea s s e v e r a l  ty p e s  a r e  in t e r s p e r s e d .  The p e r c e n ta g e  

c o v e r  o f  m icr o -o rg a n ism s on th e  L am in aria  c e l l  s u r f a c e s  i s  h ig h ,  5-70% , 

com pared w ith  a maximum o f  2 0 % on i n t a c t  frond  s u r f a c e s .

3 . 1 0 .2 .  F lu o r e s c e n c e  and b r i g h t f i e l d  o b s e r v a t io n s

P la t e s  32 and 33 a r e  f lu o r e s c e n c e  m icrograp hs o f  decom posing  t i s s u e  

from th e  t i p  o f  a  1978 p la n t  in  A p r il  1 9 7 9 . They co n firm  th a t  b a c t e r ia  

a r e  much more abundant on decom posing  t i s s u e  than  on i n t a c t  fron d  s u r f a c e s  

( s e e  P l a t e  1) and th a t  a  g r e a te r  v a r i e t y  o f  m o r p h o lo g ica l ty p e s  i s  p r e s e n t .  

P la t e  32 shows p red o m in a n tly  r o d s , P l a t e  33 has b oth  ro d s  and f i la m e n t s .

M ost o f  t h e  b a c t e r ia  s e e n  to  be a t ta c h e d  t o  L am in aria  c e l l  s u r f a c e s .  B oth  

lo n g  and s h o r t  ro d s  a r e  p r e s e n t ;  a few  o f  th e  lo n g e r  r o d s ,  u s u a l ly  se e n  

in  sm a ll c o l o n i e s ,  h ave an o r a n g e - f lu o r e s c in g  c a p s u le  around th e  g r e e n -  

f l u o r e s c in g  c e l l s ,  o th e r s  o f  th e  lo n g e r  ro d s  a re  cu rv ed  and a re  presum ably  

F l e c t o b a c i l l u s . The f i la m e n to u s  b a c t e r ia  o f t e n  s ta n d  up from th e  s u r fa c e  

to  some e x t e n t .

D iatom s s im i la r  t o  th o s e  see n  w ith  th e  SEM w ere p r e s e n t  in  a l l  sa m p les .  

In  a d d it io n  th e  decom posin g  t i s s u e  o f  b o th  1978 p la n ts  exam ined in  January  

1980 had a  la r g e  p o p u la t io n  o f  an a p o c h lo r o t ic  N it z c h ia  s p e c i e s ,  a p p a r en tly
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th e  same as th a t  p r e v io u s ly  o b serv ed  on p la n t s  decomposing* b elo w  th e  

e u p h o t ic  z o n e  ( s e e  C h ap ter 6 ) .  F lu o r e s c e n c e  o b s e r v a t io n s  co n firm ed  th a t  

th e c e l l s  c o n ta in e d  no c h lo r o p h y l l .  F l a g e l l a t e s  and c i l i a t e s  w ere c o n s ta n t  

members o f  th e  community on d ecom posing t i s s u e .  P igm ented  f l a g e l l a t e s ,  

w h ich  may h ave been  a lg a l  z o o s p o r e s ,  w ere o c c a s io n a l ly  s e e n ,  b ut m ost o f  

th e  f l a g e l l a t e s  w ere c o l o u r l e s s .  V a r io u s c o lo u r le s s  form s w ere  s e e n ,  

some w ith  a lm o st s p h e r i c a l ,  and some w ith  e lo n g a t e ,  c e l l s .  T h e ir  

d i s t r i b u t i o n  was n o t  u n ifo rm ; some d eco m p o sin g  a r e a s  had o n ly  a  few  

f l a g e l l a t e s  w h ile  some had v ery  many, and w here la r g e  numbers w ere p r e s e n t  

th ey  w ere u s u a l ly  p red o m in a n tly  o f  one t y p e ,  as though  a  sudden  bloom had  

o ccu rred  on a  p a r t ic u la r  decom posin g  a r e a .  The commonest c i l i a t e s  b e lo n g ed  

t o  th e  g en er a  H o lo s t ic h a  and E u p lo te s .

The co m p o s it io n  o f  th e  m ic r o b ia l community d id  n o t show marked 

s e a s o n a l  c h a n g e s . B a c t e r ia  o f  th e  v a r io u s  ty p e s ,  f l a g e l l a t e s  and c i l i a t e s  

w ere p r e s e n t  in  a l l  sa m p les  in  s im i la r  am ounts. The o n ly  o b v io u s  s e a s o n a l  

d i f f e r e n c e  was th a t  th e  m u l t i c e l l u la r  f i la m e n to u s  b a c ter iu m  L e u c o th r ix  

was more abundant in  Septem ber 1979 and November 1979 th a n  in  any o th e r  

sa m p le , in d ic a t in g  an a u tu m n -ea r ly  w in te r  peak o f  abundance.

3 .1 0 .3 .  D is c u s s io n

As m en tion ed  in  s e c t i o n  3 . 4 . 2 . ,  th e  b a c t e r ia  o f  th e d ecom p osin g  t i s s u e  

a re  o f  ty p e s  o b serv e d  on a l g a l  s u r fa c e s  i n  p r e v io u s  s t u d ie s .  The o n ly  

p r e v io u s  d i r e c t  o b s e r v a t io n s  o f  b a c te r ia  on decom posin g  a l g a l  t i s s u e  w ere  

th o s e  o f  S ie b u r th  (1 9 7 5 ) ,  who showed th r e e  SEM p ic t u r e s .  T h ese  w ere o f  

a f ila m e n to u s  a lg a  w ith  a d e n se  c o v e r  o f  th e  d iatom  C o c c o n e is ; on e p o in t  

o f  s i m i l a r i t y  t o  th e  p r e s e n t  s tu d y  i s  th a t  cu rv e d  F l e e t o b a c i l l u s - l i k e  c e l l s  

w ere p r e s e n t .

Rods -  Rods on i n t a c t  fron d  s u r fa c e s  w ere d is c u s s e d  i n  s e c t i o n  3 .4 .  

T hose on d ecom posin g  t i s s u e  a r e  presum ably ex p o sed  to  h ig h e r  l e v e l s  o f  

d is s o lv e d  n u t r ie n t s  and p o s s ib ly  to  lo w er  l e v e l s  o f  in h ib it o r y  s u b s ta n c e s
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( s e e  s e c t i o n  3 . 1 3 . ) .  They m ight th e r e fo r e  be ex p ec ted  to  h ave d i f f e r e n t  

b io c h e m ic a l p r o p e r t ie s ,  e . g .  d i f f e r e n t  r e a c t io n  k in e t i c s  o f  th e  enzymes 

u sed  in  th e  u p tak e o f  d i s s o lv e d  o r g a n ic  m a tte r , but no s t u d ie s  have been  

made.

F l e e t o b a c i l l u s  e t c .  -  T h ese a re  cu rv ed  ro d s w ith  r a th e r  v a r ia b le  

m orphology. On L . s a c c h a r in a  o n ly  h o r se sh o e  sh a p es  w ere se e n  b u t o th e r  

s t u d ie s  have a l s o  record ed  r in g s  and s p i r a l s .  S ie b u r th  (1 9 7 5 ) found  

th e s e  b a c te r ia  on v a r io u s  a lg a e  and on d e c a y in g  mangrove l e a v e s .  T h e ir  

b io lo g y  i s  r e v ie w ed  by Raj (1 9 7 7 b ) and S ie b u r th  (1 9 7 9 ) .

L e u c o th r ix  -  T h ese p l u r i c e l l u l a r  b a c t e r ia l  f i la m e n t s  have o f t e n  

b een  re co rd ed  from m arine a lg a e  and a l s o  from f i s h  e g g s  and c r u s ta c e a n  

l a r v a e .  The l i t e r a t u r e  on L e u c o th r ix  i s  rev iew ed  by Raj (1 9 7 7 a ) and 

S ie b u r th  (1 9 7 9 ) .

F I e x ib a c t e r ia  -  T h ese  a re  d is c u s s e d  in  s e c t io n  3 .4 .

Y e a sts  -  S e sh a d r i and S ie b u r th  (1 9 7 5 ) found more y e a s t s  on red  

and g reen  a lg a e  th an  on brown a lg a e  w hich  in c lu d e d  L am inaria  d i g i t a t a  

and L . l o n g i c r u r i s . and on a l l  th e  a lg a e  more y e a s t s  in  warm w a ter  

p e r io d s  th an  in  c o l d .  C o lo u r le s s  y e a s t s  o f  th e  gen u s C andida w ere th e  

m ost abundant, w ith  sm a ll numbers o f  R h od otoru la  p r e s e n t  in  th e  s p r in g .  

B udding c e l l s  and p seu d o m y ce lia  w ere  o b serv ed  w ith  th e  SEM. In  th e  p r e s e n t  

s tu d y  o n ly  s m a ll ,  presum ably you n g , c o lo n ie s  w ere se e n ;  th e  r e a so n  fo r  

t h i s  i s  n o t a p p a r e n t, p o s s ib ly  la r g e r  c o lo n ie s  w ould  have been found in  a 

more e x t e n s iv e  SEM ex a m in a tio n . For a rev iew  o f  th e  b io lo g y  o f  m arine  

y e a s t s  s e e  S ie b u r th  (1 9 7 9 ) .

F l a g e l l a t e s  and C i l i a t e s  -  T h ese a re  found on m ost d e t r i t a l  

p a r t i c l e s  in  th e  s e a  (F e n c h e l ,  1970; F en ch e l and H a r r is o n , 1976) and so  

would be e x p e c te d  on decom posin g  L am in aria  t i s s u e .  The f l a g e l l a t e s  

o b serv ed  by F en ch e l (1 9 7 0 ) in c lu d e d  Bodo, Monas, C h o a n o f la g e l la t e s  and 

c o l o u r l e s s  e u g le n o id s .  N on-p igm ented  m arin e f l a g e l l a t e s  appear to  fe e d  

on b a c t e r ia  r a th e r  than u s in g  d is s o lv e d  o r g a n ic  m a tter  (H aas and Webb, 1 9 7 9 ) .
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H o lo s t ic h a  and E u p lo te s , th e  com monest c i l i a t e s  on th e  decom posing 1 

L . s a c c h a r in a  t i s s u e ,  are a l s o  b a c t e r ia l  fe e d e r s  (F e n c h e l,  1968b) and 

w ere among th o s e  w hich  c o lo n is e d  T h a la s s ia  de t r i t u s  (F e n c h e l,  1 9 7 0 ) .

D iatom s -  On d ecom posin g  t i s s u e ,  d ia tom s p rob ab ly  f in d  s h e l t e r  

from  wave a c t io n  and s u r f a c e s  l e s s  u n fa v o u r a b le  th an  th o s e  o f  th e  i n t a c t  

m eristo d erm  on w h ich  to  s e t t l e .  L e v e ls  o f  d is s o lv e d  o r g a n ic  m a tter  a re  

presum ably h ig h e r  and th e  a p o c h lo r o t ic  d ia to m s see n  must h a v e  been  w h o lly  

d ep en d en t on t h i s  a s  t h e i r  carb on  s o u r c e .  P rin g sh e im  (1 9 5 6 ) o b serv ed  

N it z c h ia  p u tr id a  on Fucus d ecom posing  in  la b o r a to r y  ta n k s .

Lewin and L ew in  (1 9 6 7 ) c u ltu r e d  th r e e  c o l o u r l e s s  N i t z c h ia  s p e c i e s  i s o l a t e d  

from l i t t o r a l  h a b i t a t s ,  sh o w in g  th a t  l a c t a t e  or  s u c c in a te  c o u ld  s e r v e  as  

th e  s o l e  o r g a n ic  carb on  s o u r c e  and th a t  th e r e  was a req u irem en t fo r  

ex o g en o u s s o u r c e s  o f  th ia m in e  and c o b a la m in e . They a l s o  found th a t  under  

h e te r o tr o p h ic  c o n d it io n s  a l l  th r e e  a p o c h lo r o t ic  s t r a in s  grew c o n s id e r a b ly  

f a s t e r  th an  n o rm a lly  p igm en ted  s t r a i n s .  I t  seem s l i k e l y  th a t  a p o c h lo r o t ic  

forms o r ig in a t e d  as m utants o f  p igm ented  s t r a in s  and th en  e v o lv e d  more 

e f f i c i e n t  m echanism s fo r  th e  u p ta k e  o f  d i s s o lv e d  o rg a n ic  m a tter  as a r e s u l t  

o f  c o m p e t it io n  w ith  o th er  h e te r o tr o p h ic  o rgan ism s su ch  as b a c t e r ia .  Some 

p igm en ted  d ia to m s  are f a c u l t a t i v e  h e te r o tr o p h s  (L ew in and L ew in , 1 9 6 0 ),  

and i t  i s  p o s s i b l e  th a t  some o f  th e  p igm en ted  form s on th e  d ecom p osin g  

t i s s u e  ad op t t h i s  mode o f  n u t r i t i o n .

. 3 .1 1 .  MISCELLANEOUS OTHER EPIPHYTES

S p ir o r b id  p o ly c h a e te s  w ere p r e s e n t  th ro u g h o u t th e  y ea r  on a l l  p a r ts  

o f  th e  frond  e x c e p t  th e  m eristem . V o r t i c e l l i d  c i l i a t e s  w ere p r e s e n t  on 

t h e  i n t a c t  t i p  s u r fa c e s  o f  b o th  th e  1978 p la n ts  i n  th e  May 1979 sa m p le .

In  Septem ber 1979 sm a ll numbers o f  th e  d i n o f l a g e l l a t e  C eratium  w ere p r e s e n t  

on th e  decom posing  t i s s u e  o f  a l l  th e  p la n t s .  T h ese  had p ro b a b ly  s e t t l e d  

o u t  from th e  p la n k to n , w here a bloom o f  t h i s  d i n o f l a g e l l a t e  was o b serv ed  

a t  t h i s  t im e .
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3 .1 2 .  SUMMARY

D if f e r e n c e s  in  ty p e ,  d i s t r i b u t i o n  o r  abundance o f  e p ip h y te s  on 

r e p l i c a t e  p la n t s  w ere u s u a l ly  s m a ll;  th e  m ost o b v io u s b e in g 1 in  th e  number 

o f  s p e c i e s  o f  m a c ro -a lg a e  on th e  s t i p e s  ( s e e  T ab le  3 . 2 . ) .

D i f f e r e n c e s  betw een  th e  e p ip h y te s  on th e  c e n t r a l ,  d im pled  and w in g  

t i s s u e  a t  on e l e v e l  on a fron d  w ere a l s o  s m a l l .  More o f  th e  m u c ila g e  

m a te r ia l  d e s c r ib e d  in  s e c t i o n  3 . 7 .  accum ulated  in  th e bottom  o f  d im p le s  

th an  e ls e w h e r e  on th e  fr o n d s .

S im i la r ly ,  th e  two s u r fa c e s  o f  a frond  d i f f e r e d  l i t t l e  in  t h e i r  

e p ip h y t e s .  I f  a fro n d  was c o n s i s t e n t l y  h e ld  in  one p o s i t i o n ,  th e  u pp er  

s u r fa c e  m ight be e x p e c te d  to  d ev e lo p  a  d en ser  grow th  o f  p h o to s y n th e t ic  

e p ip h y te s  th an  th e  lo w e r . The a b sen ce  o f  such  an e f f e c t  a g r e e s  w ith  f i e l d  

o b s e r v a t io n s  th a t  th e  fr o n d s  grew ta n g le d  to g e th e r  and th a t  th e y  w ere  o f t e n  

tu rn ed  o v er  by wave a c t io n .

T here w ere o n ly  m inor d i f f e r e n c e s  b etw een  p la n ts  o f  d i f f e r e n t  

y e a r -g r o u p s . T hese w ere m ost o b v io u s  when o n e  o f  the y e a r -g r o u p s  in  a  

sam ple was e i t h e r  very  you n g  (1 9 7 9  p la n t s  i n  May 1979) o r  v e r y  o ld  (1977  

( p la n t s  i n  Jan uary  1979; 1978 p la n ts  in  Jan uary 1 9 8 0 ). Very you ng p la n t s  

had low er numbers o f  L icm ophora and em ergent e c to c a r p o id  f i la m e n t s .  In  v er y  

o ld  p la n ts  t h e  fron d s w ere o f t e n  c o lo n is e d  by m a c r o -a lg a l e p ip h y te s  

o th e r w is e  s e e n  o n ly  on th e  s t i p e s .

D i f f e r e n c e s  a lo n g  th e le n g th  o f  a  fron d  w ere o b v io u s . M ost o f  

th e  frond  s u r fa c e  e p ip h y te s  ( L icm op hora.e c to c a r p o id  f i la m e n t s ,  ro d -sh a p ed  

b a c te r ia )  showed a  g r a d ie n t  o f  abundance, w ith  th e  h ig h e s t  numbers a t  th e  

fro n d  t i p .  T h is  w ould  be e x p e c te d  b eca u se  th e  g r e a t e r  age o f  th e  d i s t a l  

t i s s u e  means th a t  e p ip h y te s  h ave had lo n g e r  to  d ev e lo p ; th e r e  may a l s o  be  

an a g e - r e la t e d  g r a d ie n t  in  th e  c o n c e n tr a t io n  o f  in h ib it o r y  s u b s ta n c e s  

w ith in  th e L a m in a r ia  t i s s u e  ( s e e  s e c t i o n  3 . 1 3 . ) .  O nly bryozoan s and h y d ro id s  

d id  n o t show t h i s  p a t te r n  o f  d i s t r i b u t i o n  on th e fro n d  s u r fa c e ;  i n  th e c a s e  

o f  b ry o zo a n s, p r e f e r e n t ia l  s e t t le m e n t  on th e younger p a r ts  o f  th e  fron d  was 

d em o n stra ted .
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T here w ere m ajor d i f f e r e n c e s  b etw een  th e  e p ip h y te s  s e e n  in  d i f f e r e n t  

b im o n th ly  sa m p les . The s e a s o n a l  p a t te r n s  o f  abundance o f  th e  v a r io u s  

e p ip h y te s  a re  summarized in  F ig . 3 . 8 .

3 .1 3 .  GENERAL DISCUSSION: L. SACCHARINA SURFACES AS A SUBSTRATUM FOR
EPIPHYTES

The e p ip h y te s  l i v i n g  on i n t a c t  L . s a c c h a r in a  s u r fa c e s  a re  n o t  

abundant and b e lo n g  to  o n ly  a few  s p e c i e s .  O rganism s w hich  c o lo n iz e  th e  

fr o n d s  p r o v id e  a much more fa v o u r a b le  s u r fa c e  f o r  s e t t le m e n t  th an  d o es  

th e  fro n d  i t s e l f .  T h is  co u ld  be b e c a u se  th e  frond  c o n ta in s  in h ib i t o r y  

s u b s ta n c e s .  In  h ig h e r  p la n t s ,  p o ly p h e n o ls  a re  known to  a c t  as a d e fe n c e  

a g a in s t  d i s e a s e s .  P o ly p h e n o ls  a re  p r e s e n t  in  m ost brown a lg a e ,  c o n ta in e d
v

in  s p e c i a l  i n t r a c e l l u l a r  v e s i c l e s  c a l l e d  p hysod es (r e v ie w  by Ragan, 1 9 7 6 ) .  

P o ly p h e n o l c o n te n t  may be h ig h , o f t e n  10-14% o f  d ry  m a tter  (Ragan and 

J e n s e n ,  1 977 , and l i t e r a t u r e  rev iew ed  t h e r e in ) ,  and may vary  s e a s o n a l ly  

(R agan and J e n s e n , 1 9 7 8 ) . O ther c l a s s e s  o f  compound w hich a re  p r e s e n t  

in  some a lg a e  and w hich  are  known to  be in v o lv e d  i n  h o s t  d e fe n c e  in  h ig h e r  

p la n t s  in c lu d e  te r p e n e s  and a l l y l  s u lp h id e s  ( S ie b u r th ,  1 9 6 8 ).

T here i s  some e v id e n c e  th a t  e x t r a c t s  and ex u d a tes  o f  m a c ro -a lg a e  

ca n  h a v e  an in h ib i t o r y  e f f e c t  on a  v a r ie t y  o f  o rg a n ism s. Roos (1 9 5 7 ) and 

H ornsey &. H ide (1 9 7 4 ) t e s t e d  e x t r a c t s  o f  a ran ge o f  a lg a e  a g a in s t  a few  

n on -m arin e b a c t e r ia .  I n h ib i t o r y  a c t i v i t y  was found in  22 o u t  o f  25 and 

in  54 o u t  o f  151 s p e c ie s  r e s p e c t i v e l y .  Some s p e c ie s  showed no s e a s o n a l  

v a r ia t io n  in  a c t i v i t y  w h i le  o th e r s  had maxima and minima a t  v a r io u s  t im e s  

o f  y e a r .  Roos (1 9 5 7 ) lo o k e d  fo r  d i f f e r e n c e s  in  a c t i v i t y  b etw een  d i f f e r e n t  

p a r ts  o f  th e  p la n t  in  th r e e  s p e c ie s  in c lu d in g  L . s a c c h a r in a , b u t found  

n o n e . Roos (1 9 5 7 ) found t h a t  L . s a c c h a r in a  e x t r a c t s  were a c t iv e  a g a in s t  

S ta p h y lo c o c c u s  au reu s and B a c i l lu s  s u b t i l i s  but n o t a g a in s t  E s c h e r ic h ia  c o l i ,  

and th a t  a c t i v i t y  was h ig h e s t  in  l a t e  summer and autumn. H ornsey and 

H id e (1 9 7 0 ) found a c t i v i t y  a g a in s t  S . a u r e u s . B. s u b t i l i s , E . c o l i , P r o te u s  

m o rg a n ii and S tr e p to c o c c u s  p yogen es in  s p r in g  and w in te r  but no a c t i v i t y  

in  summer o r  autumn.
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’Vhen m arine b a c t e r ia  have been u sed  as t e s t  o rg a n ism s, r a th e r  d i f f e r e n t  

r e s u l t s  have b een  o b ta in e d . Burton (1 9 7 6 ) p rep ared  e x t r a c t s  and e x u d a te s  

from th r e e  s p e c ie s  o f  a lg a e  and i s o l a t e d  a ran ge o f  b a c t e r ia  from ea ch  s p e c i e s .  

He th e n  t e s t e d  each  e x t r a c t  and ex u d a te  a g a in s t  ea ch  b a cter iu m  and in  no 

c a s e  d id  h e o b serv e  i n h i b i t i o n .  B a l la n t in e  (P h .D . t h e s i s ,  1977 , 

q u oted  in  B a l la n t in e ,  1979) t e s t e d  e x t r a c t s  from s e v e r a l  a lg a e ,  b o th  ” good" 

and "p oor” h o s ts  ( B a l l a n t in e ,  1979) a g a in s t  ’’ s e n s i t i v e  m arine b a c t e r ia ” and 

a g a in  found  no i n h i b i t i o n .  C onover and S ie b u r th  (1 9 6 4 ) found th a t  a c t i v i t y  

a g a in s t  a V ib r io  i s o l a t e d  from s t r a n d l in e  Sargassum  was n o t  p r e s e n t  in  

e x t r a c t s  o f  h e a v i ly  fo u le d  Sargassum  p la n t s  b u t was p r e s e n t  in  e x t r a c t s  

o f  th e  grow in g  t i p s  o f  h e a lth y  p la n t s .  S ie b u r th  and C onover (1 9 6 5 ) showed  

th a t  th e in h ib i t o r y  s u b s ta n c e  was a ta n n in , and th a t  i t  was a l s o  t o x ic  

t o  h y d r o id s ,  and a t  h ig h e r  c o n c e n t r a t io n s  to  nem atodes and t u r b e l la r ia n s .  

L a n g lo is  (1 9 7 5 ) found t h a t  ex u d a tes  o f  C ladophora and P o ly s ip h o n ia  

p rom oted , and e x t r a c t s  o f  F u cu s, A scop h yllu m  and S c y to s ip h o n  in h i b i t e d ,  

s e t t le m e n t  and growth o f  t e lo t r o c h s  o f  V o r t i c e l l a  m arin a .

Most o f  th e  s t u d ie s  m en tion ed  above h a v e  u sed  e x t r a c t s  from a lg a e ,  

and g iv e  no in fo r m a tio n  a b o u t w h eth er any in h ib i t o r y  s u b s ta n c e s  w hich  

may be p r e s e n t  in  th e  a lg a l  t i s s u e s  a r e  r e le a s e d  in  s u f f i c i e n t  q u a n t i t i e s  

to  a f f e c t  e p ip h y te s .  S ie b u r th  and J e n s e n  (1 9 6 9 ) found t h a t  th r e e  brown 

a lg a e  exuded  p r e c u r so r s  w h ich  in  th e  a l k a l i n e  medium o f  se a w a te r  formed  

p o ly p h e n o ls  t o x ic  to  p l a i c e  la r v a e .  C om plexes formed by th e  o x id a t io n  o f  

a l g a l  p o ly p h e n o ls  and t h e i r  co m b in a tio n  w ith  ca rb o h y d ra te  and p r o t e in  

m a te r ia l  o f  a lg a l  and o th e r  o r ig in  make up a  c o n s id e r a b le  p a r t  o f  m arine 

’’G e lb s t o f f ” (S ie b u r th  and J e n s e n ,  1 9 6 8 ,1 9 6 9 ) .

I t  i s  s t i l l  d i f f i c u l t  t o  a s s e s s  th e  s i g n i f i c a n c e  o f  in h ib i t o r y  

compounds i n  th e  c o n tr o l  o f  e p ip h y te  grow th on a lg a e .  The e c o l o g i c a l  

s i g n i f i c a n c e  o f  some o f  th e  r e s u l t s  d is c u s s e d  above ca n  be q u e s t io n e d ,  

p a r t i c u la r ly  w here e x t r a c t s  h ave been u s e d . O th er f in d in g s ,  p a r t i c u la r ly  

on s e a s o n a l v a r ia t io n s  in  a c t i v i t y ,  a re  c o n t r a d ic t o r y .  M a tter s  w h ich
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w ou ld  repay fu r th e r  i n v e s t i g a t i o n  in c lu d e :

( i )  The c o n c e n t r a t io n  and ch em ic a l n a tu r e  o f  in h ib i t o r y  s u b s ta n c e s ,  

both  in  th e  w a te r  and in  a lg a l - s u r f a c e  m u c ila g e , to  w hich  e p ip h y te s  

a r e  a c t u a l ly  ex p o sed .

C ii)  The s e n s i t i v i t y  o f  d i f f e r e n t  organ ism s to  th e s e  s u b s ta n c e s .  

S p e c ia l iz e d  e p ip h y te s  may have e v o lv e d  r e s i s t a n c e ,  so  w ith  b a c t e r i a ,  

f o r  exam ple, a ra n g e  o f  s t r a in s  i s o l a t e d  from a v a r i e t y  o f  m arin e h a b i t a t s  

sh o u ld  be t e s t e d .

( i i i )  S e a so n a l p a t t e r n s  o f  in h i b i t o r y  a c t i v i t y  and p o ly p h en o l c o n t e n t .  

Some o f  th e  r e s u l t s  o b ta in e d  so  fa r  s u g g e s t  th a t  in h ib it o r y  a c t i v i t y  may 

be lo w e s t  in  s p r in g  and summer, th e  s e a s o n s  o f  g r e a t e s t  p o t e n t i a l  e p ip h y te  

grow th .

I t  m ust be rem em bered t h a t  the p o ly p h e n o ls  found i n  a lg a e  may have 

fu n c t io n s  o th e r  than  a c t in g  a s  a n t i f o u l i n g  c h e m ic a ls .  They may be w a ste  

p ro d u c ts  o f  a l g a l  m eta b o lism , o r  a  d e fe n c e  a g a in s t  g r a z e r s  r a th e r  than  

a g a in s t  e p ip h y t e s .  L e ig h to n  (1 9 6 6 )  s u g g e s te d  th a t  s p e c i f i c  d i s t a s t e  

f a c t o r s  m ight e x p la in  the fo o d  p r e fe r e n c e s  o f  a lg iv o r o u s  in v e r t e b r a t e s .  

T here a re  a l s o  o th e r  f a c t o r s  w h ich  c o u ld  be r e s p o n s ib le  f o r  th e  d i f f e r e n t  

d e g r e e s  o f  e p ip h y te  grow th on d i f f e r e n t  s u r fa c e s ;  th e s e  in c lu d e  d i f f e r e n c e s  

in  ro u g h n e ss , and th e  p r e s e n c e  o r  a b sen ce  o f  m u c ila g e  c o a t s .

W herever th e  L . s a c c h a r in a  s u r f a c e  i s  damaged th e  exp osed  c o r t e x  or  

m ed u lla  t i s s u e  i s  c o lo n i s e d  by a  la r g e  number o f  o rg a n ism s o f  th e  ty p e s  

d e s c r ib e d  in  s e c t i o n  3 .1 0 ,  T h is com m unity i s  presum ably  d ep en d en t on 

h ig h  l e v e l s  o f  d is s o lv e d  o r g a n ic  m a tte r  le a k in g  from L a m in a r ia  c e l l s  

b u t i t s  abundance and d i v e r s i t y  s u g g e s t  t h a t  w h a tev er  f a c t o r  l i m i t s  th e  

grow th o f  e p ip h y te s  on th e  i n t a c t  fro n d  s u r fa c e  i s  n o t  a c t in g  h e r e .

B e r th o ld  (1 3 8 2 , q u oted  in  Ragan, 1976) found th a t  p h ysod es w ere a b sen t  

from th e  in t e r n a l  c e l l s  o f  brown a lg a e ,  but Ragan (1 9 7 6 ) q u e s t io n s  t h i s  

o b s e r v a t io n .
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CHAPTER 4 

NEMATODES ON L. SACCHARINA FRONDS

4 . 1 .  METHODS

4 . 1 . 1 .  C o l l e c t io n  o f  sam ples

S e l e c t i o n  o f  p la n t s  was d is c u s s e d  i n  s e c t io n  3 .4 .  In  each  b im o n th ly

sam ple two p la n ts  o f  each  o f  th e  r e le v a n t  y ea r -g ro u p s  w ere u sed  in  th e

nem atode s tu d y . A ll  sa m p les  w ere ta k en  by SCUBA d iv in g  o r  s n o r k e l l in g .

I t  had b een  o b serv ed  i n  a p r e lim in a r y  s tu d y  th a t  th e  m ic r o b ia l  community

o f  d ecom p osin g  t i s s u e  was v ery  d i f f e r e n t  from th a t  o f  th e  i n t a c t  frond

s u r f a c e ,  so  i t  was d e c id e d  to  ta k e  s e p a r a te  nem atode sam p les from each  o f

th e s e  m ic r o h a b ita t s .  The fron d  s u r fa c e  sam p les w ere ta k en  w ith  sa m p lers

( F ig .  4 . 1 . )  c o n s tr u c te d  from r i g i d  g rey  p l a s t i c  p ip in g  (" D u ra p ip e" ), o f

4.2cm  in t e r n a l  d ia m e te r . Two s e c t io n s  o f  p ip e ,  on e w ith  one end sh arp en ed

to  form a c u t t in g  e d g e , w ere g lu e d  t o g e th e r  u s in g  "Rapid A r a ld it e " ,  w ith

a diaphragm  c u t  from a to y  b a llo o n  san dw iched  betw een  them . A 41mm

rubber bung com p leted  th e  sa m p ler . To ta k e  a sam p le, th e  body o f  th e

sam p ler was h e ld  on on e s i d e  o f  a L . s a c c h a r in a  fron d  and th e  bung on th e

o th e r .  The two w ere a l ig n e d  and th e  bung pushed home. T h is  c u t  a  d is c

2
o f  s ta n d a rd  a re a  (1 3 .6 cm  ) from th e  fro n d  and e n c lo s e d  i t  in  a ro u g h ly  

sta n d a rd  volum e o f  s e a w a te r , ready fo r  tr a n s p o r t  to  th e  la b o r a to r y .

W ithout an e l a s t i c  d iaphragm , th e  bung c o u ld  n o t o f  c o u r s e  be pushed home. 

From each  p la n t ,  th r e e  d i s c s  w ere ta k en  from each  o f  th e  r e g io n s :  t i p ,  

m id -fro n d  and m eristem , u n le s s  th e  p la n t s  w ere fo r  some r e a so n  v ery  sm a ll  

( s e e  s e c t i o n  2 . 2 . ) ,  in  w h ich  c a s e  th e  number o f  r e p l i c a t e s  had t o  be 

red u ced . D ecom posing t i s s u e  sam ples w ere tak en  by c u t t i n g  th e  sm a ll
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d eco m p o sin g  a rea s  from th e  fron d  w ith  s c i s s o r s  o r  a s c a l p e l  and c o l l e c t i n g  

them in  p o ly th e n e  bags w hich  w ere th en  c l o s e d  w ith  r e p e a te d ly  tw is te d  

e l a s t i c  b an d s. No a ttem p t was made to  make th e s e  sam p les q u a n t i t a t iv e .

4 . 1 . 2 .  T reatm ent o f  sam p les in  th e  la b o r a to r y

On a r r iv a l  a t  th e  la b o r a to r y  a l l  nem atode sam ples w ere tr a n s fe r r e d  

to  a r e f r i g e r a t o r ,  and w ere th e n  so r te d  w it h in  6  hours o f  c o l l e c t i o n .  A 

p r e lim in a r y  s tu d y  had shown t h a t  a much la r g e r  co u n t was o b ta in e d  by 

s o r t in g  sam p les f r e s h  than  by s o r t in g  them p r e s e r v e d . T h is  was b eca u se  

la r g e  amounts o f  m u cila g e  w ere p r e s e n t ;  nem atodes w ith in  t h i s  w ere  o f t e n  

d e te c te d  o n ly  by t h e i r  m ovem ents. The nem atodes w ere t r a n s fe r r e d  t o  4% 

fo r m a lin  in  s e a w a te r , th en  a f t e r  1 -2  days t o  a m ix tu re  o f  9 p a r t s  50% e th a n o l  

t o  1 p a r t  g l y c e r o l .  T h is was l e f t  fo r  th e  a lc o h o l  and w a ter  t o  e v a p o r a te ,  

th e  f i n a l  s t a g e s  o f  d e h y d r a tio n  b e in g  c a r r ie d  o u t in  a d e s i c c a t o r ,  and 

th e  nem atodes w ere th en  mounted in  anhydrous g l y c e r o l .

Each in d iv id u a l  was i d e n t i f i e d  t o  s p e c i e s ,  m easured , a s s ig n e d  t o  one  

o f  t h e ’’b r e e d in g  c a t e g o r i e s ” ( s e e  b e lo w ) ,  and i t s  g u t  c o n te n ts  exam in ed .

Body le n g th  was m easured by u s in g  a sq u ared  e y e p ie c e  g r a t ic u le  and sq uared  

p ap er to  produce a s c a l e  draw ing w hich  was th en  m easured w ith  a map m easu rer. 

The fo u r  ’’b r e e d in g  c a t e g o r i e s ” w ere: j u v e n i l e ,  m a le , immature fe m a le , and 

m ature fem a le  ( i e .  w ith  f u l l y  d e v e lo p e d  eg g s  in  th e  o v a r y ) .

4 . 1 . 3 .  S t a t i s t i c a l  tr e a tm e n t o f  d a ta

The com parison  o f  th e  r e l a t i v e  abundances o f  d i f f e r e n t  s p e c ie s  in

d i f f e r e n t  sam p les in v o lv e d  th e  a n a ly s i s  o f  c o n tin g e n c y  t a b l e s ,  and th e

G - t e s t  ( l o g - l i k e l i h o o d  r a t i o ,  s e e  S o k a l and R o h lf , 1969) was u sed  fo r

t h i s .  I t  i s  c o n s id e r e d  a d v is a b le  when u s in g  t h i s  t e s t  to  keep  to  th e

2same r u le  o f  thumb as fo r  X a n a ly s i s ,  nam ely th a t  no e x p e c te d  freq u en cy  

sh o u ld  be l e s s  th an  1 . 0 , and th a t  n o t  more than  2 0 % o f  th e  e x p e c te d  

fr e q u e n c ie s  sh o u ld  be l e s s  than  5 .0 .  In  some c a s e s  th e s e  c o n d it io n s  w ere 

n o t m et, b u t th e  u su a l remedy o f  co m b in in g  rows or colum ns w ould have
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d e fe a te d  th e  p urpose o f  th e  a n a ly s i s .  The G - t e s t  was th e r e fo r e  u sed  

even  in  t h e s e  c a s e s ,  and c a r e  was ta k en  in  in t e r p r e t in g ’ th e  r e s u l t s ;  

in  p a r t ic u la r  a 1%, r a th e r  than a 5%, s i g n i f i c a n c e  l e v e l  was u sed  

th ro u g h o u t . In p r a c t i c e ,  m ost o f  th e  r e s u l t s  w ere e i t h e r  h ig h ly  

s i g n i f i c a n t  ( p < 0 .0 0 5 )  o r  o b v io u s ly  n o n - s ig n i f i c a n t ,  so  i t  i s  n o t  

c o n s id e r e d  th a t  m ajor e r r o r s  in  in t e r p r e t a t io n  w ere made. I t  was f e l t  

th a t  in  t h i s  c a s e  w here o n ly  fo u r  s p e c i e s  w ere in v o lv e d ,  th e  u s e  o f  a 

n o n -p a ra m etr ic  t e s t  ( e . g .  K e n d a ll 's  c o e f f i c i e n t  o f  co n co rd a n ce) w ould  

h ave meant an u n n e c e s sa r y  w a ste  o f  in fo r m a t io n .

4 . 2 .  RESULTS

4 . 2 . 1 .  Number o f  s p e c ie s  p r e s e n t

Four s p e c i e s ,  M onhystera d is j u n c t a  B a s t ia n , M. r e f r in g e n s  B r e ss la u  

and S tek h o v en , Chromadora n u d ic a p ita ta  B a s t ia n  and T h e r is tu s  a ce r  B a s t ia n ,  

dom inated  th e  nem atode fa u n a . O th er s p e c ie s  made up o n ly  1.1% o f  th e  

t o t a l  o f  986 nem atodes in  th e  sa m p le s , and in  no b im on th ly  sam ple d id  

th e y  form more th an  7.1% o f  th e  nem atodes found on e i t h e r  th e  fron d  

s u r fa c e  o r  th e  d ecom p osin g  t i s s u e  o f  p la n t s  o f  any on e y ea r -g ro u p .

4 . 2 . 2 .  L a r g e - s c a le  d i s t r i b u t i o n  o f  nem atodes on t h e  fr o n d s  

Nem atodes were a lm o st e n t i r e l y  c o n f in e d  to  th e  t i p s  o f  t h e  fr o n d s .

They w ere o n ly  r a r e ly  found in  th e  m id -fr o n d  and m eristem  sa m p les , and 

th en  o n ly  in  sm a ll numbers (T a b le  4 . 1 . ) .  A l l  fo u r  s p e c ie s  showed t h i s  

p a tte r n  o f  d i s t r i b u t i o n .

4 . 2 . 3 .  Frond s u r fa c e  sa m p les: d i f f e r e n c e s  betw een r e p l i c a t e  d is c s  and 
b etw een  r e p l i c a t e  p la n ts

( a) Number o f  nem atodes

T a b le  4 . 2 .  shows th e  number o f  nem atodes found on each  t i p  d is c  

ta k en  d u r in g  th e  sa m p lin g  programme. The number o f  r e p l i c a t e  d i s c s  

from any p la n t  n ev er  ex ceed ed  th r e e  and t h i s  i s  to o  few  to  p erm it
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1977 PLANTS 1978 PLAMTS 1979 PLANTS

T ip d is c s  2 0 .3 4 8 .7 7 0 .0

Mid frond  d i s c s  0 .0 4 .5 1 . 0

M eristem  d is c s  0 .0 0 .3 0 . 0

TABLE 4 .1 .  Maximum sam ple mean 
from  d i f f e r e n t  fro n d  
y e a r -g r o u p s .

v a lu e s  o f  number o f  
r e g io n s  o f  p la n t s

n em a to d e s/d i sc  
o f  d i f f e r e n t

SAMPLE YEAR GROUP PLANT A PLANT B PLANT C

•January 1979 1977
1978

0

0

3
0

2

0

4
0

0

0

3
0 -

March 1979 1977 42 5 14
1978 18 1 0 6 5 7 4

May 1979 1978 58 32 6

1979 70 - - - -

J u ly  1979 1978 2 2 1 3 2 4
1979 0 2 0 -

Septem ber 1979 1978 1 2 18
1979

1
»-k 

1

4 6 - - - -

November 1979 1978 7 5 4
1979 2 2 5 17 7 5 -

January 1980 1978 0 0 0 5 7 3
1979 0 0 0 0 0 0 -

TABLE 4 .2 .  A c tu a l numbers o f  nem atodes found on t i p  d i s c s .
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s t a t i s t i c a l  t e s t i n g 1 to  d e term in e  w h ether th e  d is t r ib u t io n  o f  nem atodes 

was random a t  t h i s  s c a l e  w i t h in  th e  t i p  r e g io n .  No p a tc h in e s s  i s  o b v io u s  

from an in s p e c t io n  o f  T a b le  4 . 2 ,  S im ila r  c o n s id e r a t io n s  a p p ly  t o  d i f f e r e n c e s  

b etw een  r e p l i c a t e  p la n t s ,  though h ere  th e r e  i s  a s u g g e s t io n  o f  d i f f e r e n c e s  

among th e  th r e e  1977 p la n t s  in  th e  March 1979 sam p le.

Cb) R e la t iv e  abundance o f  th e  fo u r  s p e c i e s

T a b le  4 . 3 .  shows th e  r e s u l t s  o f  G - t e s t s  fo r  d i f f e r e n c e s  in  th e  

s p e c i e s  c o m p o s it io n s  o f  r e p l i c a t e  d i s c s .  In  no c a s e  was th e  d i f f e r e n c e  

s i g n i f i c a n t  a t  th e  1% l e v e l .  D ata from r e p l i c a t e  d i s c s  w ere th en  p o o le d  

and fu r th e r  G - t e s t s  perform ed  to  t e s t  d i f f e r e n c e s  b etw een  r e p l i c a t e  p la n t s ;  

th e  r e s u l t s  a re  shown in  T a b le  4 .4 .  In  o n ly  one c a s e  was a s i g n i f i c a n t  

d i f f e r e n c e  fou n d , betw een  th e  two 1978 p la n t s  in  th e  March 1979 sa m p le .  

S u b d iv is io n  o f  th e  c o n t in g e n c y  t a b le  and fu r th e r  G - t e s t i n g  in d ic a t e d  

t h a t  t h i s  d i f f e r e n c e  was th e  r e s u l t  o f  a lo w er  p r o p o r t io n  o f  M. d is j u n c t a  

in  th e  1978 p la n t  b sa m p le .

4 . 2 . 4 .  Frond s u r fa c e  sa m p les: d i f f e r e n c e s  betw een p la n t s  o f  d i f f e r e n t  
y e a r -g ro u p s

( a) Number o f  nem atodes

A gain th e  sm a ll  number o f  r e p l i c a t e s  p r e c lu d e s  s t a t i s t i c a l  t e s t i n g .

In  January 1 9 7 9 , nem atodes w ere found on th e  s u r fa c e s  o f  1977 p la n t s  b u t  

n o t on th o se  o f  1978 p la n t s .  S im i la r ly  in  January 1 9 8 0 , nem atodes w ere  

found  on th e  s u r fa c e s  o f  1978 p la n t s  b u t n o t  on th o s e  o f  1979 p la n t s .

T here w ere no o th e r  o b v io u s  d i f f e r e n c e s  betw een  p la n t s  o f  d i f f e r e n t  

y e a r -g r o u p s .

( b) R e la t iv e  abundance o f  th e  s p e c i e s

T a b le  4 . 5 .  shows th e r e s u l t s  o f  G - t e s t s  fo r  d i f f e r e n c e s  in  s p e c ie s  

c o m p o s it io n  b etw een  p la n ts  o f  d i f f e r e n t  y e a r -g r o u p s  w ith in  th e  same 

b im on th ly  sa m p le s . D ata from r e p l i c a t e  d i s c s  and from r e p l i c a t e  p la n ts  

have been  p o o le d  e x c e p t  where s i g n i f i c a n t  d i f f e r e n c e s  have p r e v io u s ly  been  

shown ( s e e  a b o v e ) .  In  o n ly  two c a s e s  w ere d i f f e r e n c e s  s i g n i f i c a n t  a t  th e
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MONTH PLANT NO. OF DISCS RESULT OF TEST

1977 (a ) 3 _
January 1979 1977 (b ) 3 -

1978 No s u r fa c e  nem atodes

1977
March 1979 1978 (a ) 3 -

1978 (b ) 3 -

May 1979 1978
1979

4 ( i n c .  1 m id -fro n d )  
3

-

1978 (a ) 3 _
J u ly  1979 1978 (b ) 3 -

1979 O nly 1 s p e c i e s on s u r fa c e

Septem ber 1979 1978
1979

3 ( i n c .  1 m id -fro n d )  
3

-

1978 3 _
November 1979 1979 (a ) 3 -

1979 (b ) 3 -

1978 ( a ) O nly 1 s p e c ie s on s u r fa c e

January 1980 1978 (b )
1979 (a )

n  t t  u  t t

11 M t t  t t

I t  t t  

t t  t t

1979 (b ) t t  t t  I f  t t t t  t t

-  = Not s i g n i f i c a n t  a t  1% l e v e l
+ = S ig n i f i c a n t  a t  1 % l e v e l

TABLE 4 . 3 . R e s u lt s  o f  G - t e s t s  f o r  d i f f e r e n c e s  in  r e l a t i v e  s p e c i e s  
abundances betw een r e p l i c a t e  d i s c s .
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MONTH PL/:MTS PlSSULT

January 1979 1977
197S

(a )  and 1977 (b )
p la n ts  -  no s u r fa c e  nem atodes

March 1979 1977
1978

(a )  , 
(a )

( b ) ,  ( c )  
and 1978 (b ) +

May 1979 O nly
O nly

one
one

1978 p la n t
1979 p la n t

J u ly  1979 1978
O nly

(a )
one

and 1978 (b )  
1979 p la n t

-

Septem ber 1979
Only
O nly

one
one

1978 p la n t
1979 p la n t

November 1979 O nly
1979

one
(a )

1973 p la n t  
and 1979 ( b) -

January 1980 O nly
O nly

1 s p e c ie s  on 1978 
1 s p e c ie s  on 1979

s u r fa c e s
s u r fa c e s

+ = S ig n i  f i c a n t a t  1 % l e v e l
-  = N ot s i g n i f i c a n t  a t  I f .  l e v e l

TABLE 4 . 4 . R e s u lt s  o f  G - t e s t s  fo r  d i f f e r e n c e s  in  r e l a t i v e
s p e c i e s  abundance betw een  r e p l i c a t e  p la n ts  ( f r o n d  
s u r fa c e  n e m a to d e s) .

MONTH PLANTS RESULT

January 1979 1978 p la n t s  have no s u r fa c e  nem atodes

1977 p la n t s  (p o o le d )

March 1979 and 1978 (a )
1977 p la n t s  (p o o le d )

and 1978 (b ) +

May 1979 1978 and 1979 p la n ts  
( 1  o f  each ) -

J u ly  1979 1978 p la n t s  (p o o le d )  
and 1979 p la n t  (o n ly ) -

Septem ber 1979 1978 and 1979 p la n ts  
( 1  o f  each) -

N overnbe r 1979 1978 (o n ly )  and 1979 
(p o o le d ) +

January 1980 Only on e s p e c i e s  on s u r fa c e s

+ = S ig n i f i c a n t  a t  If- l e v e l
-  = N ot s i g n i f i c a n t  a t  1% l e v e l

TABLE 4 . 5 . R e s u lts  o f  G - t e s t s  fo r  d i f f e r e n c e s  in  r e l a t i v e  s p e c ie s  
abundance b etw een  p la n t s  o f  d i f f e r e n t  y e a r -g r o u p s  
( fron d  s u r fa c e  n em a to d e s).
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1% l e v e l .  In  March 1979 th e r e  was no s i g n i f i c a n t  d i f f e r e n c e  betw een

1978 p la n t  a  and th e  1977 p la n t s ,  b u t 1978 p la n t  b was s i g n i f i c a n t l y  

d i f f e r e n t  from th e  1977 p la n t s ,  h a v in g  a lo w er  p r o p o r t io n  o f  M. d i s j u n c t a . 

In  November 1979 th e r e  was a s i g n i f i c a n t  d i f f e r e n c e  b etw een  th e  1978

and 1979 p la n t s ,  th e  r e s u l t  o f  th e  a b sen ce  from th e  1978 p la n ts  o f  

C. n u d ic a p ita ta  and M. r e f r in g e n s , w h ich  betw een  them made up 747c o f  th e  

nem atodes on th e  1979 p la n t  d i s c s .

4 . 2 . 5 .  S e a so n a l v a r ia t io n  o f  th e  s u r fa c e  nem atode fau n a

F ig .  4 . 2 .  shows th e  v a r ia t io n  in  th e  mean number o f  n e m a to d e s /t ip  

d i s c ,  b o th  o v e r a l l  and fo r  each  s p e c ie s  s e p a r a t e ly ,  fo r  1 977 , 1978 and

1979 p la n t s .  The o v e r a l l  number o f  nem atodes showed minima in  January  

1979 , J u ly  1979 and January 1 9 8 0 . There was a main peak in  May 1979 

and a  s m a lle r  peak in  Septem ber 1979 . T. a c e r  was p r e s e n t  on th e  frond  

s u r fa c e  on o n ly  two o f  th e  b im o n th ly  sa m p les . S m all numbers w ere p r e s e n t  

in  March 1979 and la r g e  numbers in  May 1 9 7 9 . T h is  s p e c ie s  was r e s p o n s ib le  

fo r  th e  May 1979 peak in  o v e r a l l  num bers. C. n u d ic a p ita ta  wa3  p r e s e n t  in  

sm a ll numbers fo r  m ost o f  th e  y e a r ,  w ith  minima in  January 1979 and 

January 1980 and a maximum in  Septem ber and November 1979 . M. r e f r in g e n s  

was a b sen t i n  J u ly  1979 and January 1980 , and was o th e r w is e  p r e s e n t  in  

sm a ll numbers w ith  a peak o f  abundance in  Septem ber 1979 . M. d is j u n c t a  

was a b se n t i n  J u ly  1979 and was m ost abundant i n  January and March 1979 

and a g a in  in  January 1980 .

F ig .  4 . 3 .  shows the r e s u l t s  o f  G - t e s t s  fo r  d i f f e r e n c e s  in  s p e c i e s  

co m p o s it io n  b etw een  th e su r fa c e  fa u n a s  o f  d i f f e r e n t  b im on th ly  sa m p les  

ta k en  in  p a ir s .  W ith in  each  b im o n th ly  sam ple d a ta  from r e p l i c a t e  d i s c s ,  

r e p l i c a t e  p la n t s  and p la n ts  o f  d i f f e r e n t  y e a r -g r o u p s  have been  p o o le d  

w here th e y  have p r e v io u s ly  been  shown n o t t o  be s i g n i f i c a n t l y  d i f f e r e n t  

a t  th e  1% l e v e l  ( s e e  a b o v e ) . Where h e te r o g e n e ity  has been  show n, d a ta  

have b een  tr e a te d  s e p a r a t e ly .  From F ig .  4 . 3 .  i t  can  be se e n  th a t  m ost
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S e a s o n a l v a r ia t io n  in  th e  mean number o f  n e m a to d e s /t ip  
d i s c ,  o v e r a l l  and fo r  ea ch  s p e c ie s  s e p a r a t e ly ,  fo r  1 9 7 7 , 
1978 and 1979 p la n t s .
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sa m p les  ta k en  in  p a ir s .



-  70 -

b im o n th ly  sam p les w ere s i g n i f i c a n t l y  d i f f e r e n t  in  s p e c ie s  c o m p o s it io n  from  

m ost o th e r  b im on th ly  sa m p le s . D i f f e r e n c e s  w ith in  a group c o n s i s t i n g  o f  

th e  January 1979 and J a n u ary  1980 sa m p le s , one March 1979 and one November 

1979 sa m p le , w ere n o t s i g n i f i c a n t .  T h ese  sam ples ca n  be c o n s id e r e d  to  

r e p r e s e n t  a w in te r  fau n a  dom inated by M. d is j u n c t a .

4 . 2 . 6 .  D ecom posing t i s s u e :  d i f f e r e n c e s  b etw een  r e p l i c a t e  p la n ts

D ecom posing t i s s u e  sa m p les  w ere n o t  ta k en  from a known a r e a  o r

w e ig h t o f  t i s s u e ,  so  co m p a r iso n s  can  o n ly  be made o f  th e  r e l a t i v e  abundance 

o f  th e  d i f f e r e n t  nematode s p e c i e s .  T a b le  4 . 6 .  shows th e  r e s u l t s  o f  G - t e s t s  

fo r  d i f f e r e n c e s  in  s p e c ie s  c o m p o s it io n  o f  th e  d ecom posing t i s s u e  sam ples  

from r e p l i c a t e  p la n t s .  B eca u se  o f  th e  l im i t e d  e x t e n t  o f  d ecom p osin g  

t i s s u e  on v ery  you n g  p la n t s  ( s e e  s e c t io n  3 . 2 . ) ,  no d ecom posing  t i s s u e  

sam ples w ere o b ta in e d  from 1979 p la n ts  i n  May o r  J u ly  1 979 . The d i f f e r e n c e  

found b etw een  1979 p la n t  a and 1979 p la n t  b in  November 1979 i s  th e  r e s u l t

o f  th e  h ig h e r  p r o p o r t io n  o f  C. n u d ic a p ita ta  in  th e  form er. The d i f f e r e n c e

betw een  th e  1978 p la n t s  in  Jan uary  1980 i s  th e  r e s u l t  o f  the lo w er

p r o p o r tio n  o f  M. d is j u n c t a  in  th e  1978 p la n t  a sam p le .

4 . 2 . 7 .  D ecom posing  t i s s u e :  d i f f e r e n c e s  b etw een  p la n t s  o f  d i f f e r e n t  
y e a r -g r o u p s

Where no s i g n i f i c a n t  d i f f e r e n c e s  had been  found betw een r e p l i c a t e  

p la n t s ,  d a ta  from th e s e  w ere p o o le d  b e fo r e  a n a ly s i s  o f  th e  d i f f e r e n c e s  

b etw een  p la n t s  o f  d i f f e r e n t  y e a r -g r o u p s . The r e s u l t s  o f  th e s e  fu r th e r  

G - t e s t s  a r e  shown in  T ab le  4 . 7 ,  In  November, th e  1978 p la n t  sam ple was 

n o t s i g n i f i c a n t l y  d i f f e r e n t  from th e  1979 p la n t  a sa m p le , b u t was 

s i g n i f i c a n t l y  d i f f e r e n t  from the 1979 p la n t  £> sa m p le , h a v in g  a h ig h e r  

p r o p o r t io n  o f  C. n u d ic a p i t a t a . In  Jan u ary  1980 , th e  1978 p la n t  sam ple  

was s i g n i f i c a n t l y  d i f f e r e n t  from th e  1979 p la n t  sa m p le , th e  form er h a v in g  

a lo w er  p r o p o r t io n  o f  M. d is .ju n c ta .

4 . 2 . 8 .  D ecom posing t i s s u e :  d i f f e r e n c e s  betw een  b im o n th ly  sam p les

F ig .  4 . 4 .  shows th e  r e s u l t s  o f  t h e s e  G - t e s t s .  W ith in  each  b im o n th ly
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MONTH PLANTS RESULT

Jan u ary  1979 O nly
1978

one 1977 p la n t
p la n t  (a )  and 1977 p la n t  (b ) -

March 1979 3 1977 p la n ts  -  no s e p a r a t io n  o f  
1978 p la n t s  -  no decom posing: sam ple

May 1979 O nly
1979

one 1978 p la n t
p la n t s  -  no decom posing: sam ple

J u ly  1979 1978
1979

p l ( i ) ,  1978 p l ( i i )  a d d i t io n a l  
p la n t s  -  no decom posing: sam ple

t i s s u e  -

S eptem ber 1979 O nly
O nly

o n e 1978 p la n ts  
on e 1979 p la n t

November 1979 O nly
1979

on e 1978 p la n t  
p l( a )  and 1979 p l ( b ) +

Jan uary 1980 1978
1979

p l ( a )  and 1978 p l ( b )  
p l( a )  and 1979 p l ( b )

+

TABLE 4 , 6 . R e s u lt s  o f  G - t e s t s  f o r  d i f f e r e n c e s  in  r e l a t i v e  s p e c i e s  
abundance betw een  decom posing: t i s s u e  sa m p les  from  
r e p l i c a t e  p la n t s .

MONTH PLANTS RESULT

January 1979 , 1977 (o n ly )  and 1978 (p o o le d ) -

March 1979 No s e p a r a t io n  o f  decom posing: t i s s u e  in 1977 p la n t s

May 1979 No decom posin g  sam ple from  1979 p la n t s

J u ly  1979 No d ecom posin g  sam p le from 1979 p la n t s

Septem ber 1979 No decom posing  sam ple from  1979 p la n t s

November 1979 1978 and 1979 (a )  
1978 and 1979 (b ) +

January 1980 1978 (a )  and 1979 (p o o le d )  
1978 (b ) and 1979 (p o o le d )

+

TABLE 4 . 7 . R e s u l t s  o f  G - t e s t s  f o r  d i f f e r e n c e s  in  r e l a t i v e  s p e c i e s
abundance betw een  decom posing: t i s s u e  sam p les from p la n t s  
o f  d i f f e r e n t  y e a r -g r o u p s .
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sa m p le , d a ta  from r e p l i c a t e  p la n ts  and from p la n ts  o f  d i f f e r e n t  y ea r -g T o u p s  

have b een  p o o le d  u n le s s  th e y  have p r e v io u s ly  been shown t o  b e  d i f f e r e n t  

a t  th e  1% l e v e l  ( s e e  a b o v e ) .  Most b im o n th ly  sam ples w ere s i g n i f i c a n t l y  

d i f f e r e n t  in  s p e c ie s  c o m p o s it io n  from m ost o th e r  b im on th ly  sa m p le s . 

D if f e r e n c e s  w ere n o t  s i g n i f i c a n t  w ith in  a group c o n s i s t i n g  o f  the January  

1979 and May 1979 sam p les and one January 1980 sam p le, nor betw een  one  

November 1979 sam ple and th e  o th e r  Jan u ary  1979 sam p le .

4 . 2 . 9 .  Com parison o f  s u r fa c e  and d ecom p osin g  t i s s u e  sam p les

F ig s .  4 . 5 .  and 4 .6 .  show th e  mean r e l a t i v e  p r o p o r t io n s  o f  th e  fo u r  

common s p e c ie s  and " o th er  s p e c ie s "  in  the s u r fa c e  and decom posin g  t i s s u e  

sam p les in  e a c h  b im onth ly  sam p le fo r  1978 p la n t s  and 1977 and 1979 p la n t s  

r e s p e c t i v e l y .  T a b le  4 .8 .  shows th e r e s u l t s  o f  G - t e s t  co m p a riso n s o f  th e  

r e l a t i v e  p r o p o r t io n s  o f  th e  d i f f e r e n t  s p e c ie s  in  t i p  d is c  and d ecom posin g  

t i s s u e  sam p les w ith in  th e  same b im on th ly  sa m p le s . D ata from r e p l i c a t e  

d i s c s ,  r e p l i c a t e  p la n ts  and p la n t s  o f  d i f f e r e n t  y e a r -g ro u p s  h ave been  

p o o le d  w here d a ta  have p r e v io u s ly  been  shown n o t  t o  be s i g n i f i c a n t l y  

d i f f e r e n t  a t  th e  1% l e v e l .  T here i s  no o b v io u s  s e a s o n a l p a t te r n  in  th e  

o c c u r r e n c e  o f  d i f f e r e n c e s .  F u rth er  G - t e s t in g  on s u b d iv id e d  c o n tin g e n c y  

t a b l e s  g iv e s  th e  f o l lo w in g  in fo r m a tio n  on w h ich  s p e c ie s  are r e s p o n s ib le  

f o r  th e  o b serv ed  s i g n i f i c a n t  d i f f e r e n c e s .  In  May 1979 th e  d ecom posin g  

t i s s u e  had a h ig h e r  p r o p o r tio n  o f  M. d is j u n c t a . In  November 1979 th e  

d ecom posin g  t i s s u e  from th e  1978 p la n ts  and th e  1979 p la n t  a had a 

h ig h e r  p r o p o r t io n  o f  C. n u d ic a p ita ta  than  th e  1978 p la n t  s u r fa c e  sam p le , 

w h ile  th e  d ecom posin g  t i s s u e  from 1979 p la n t  b had a  h ig h e r  p r o p o r t io n  

o f  C. n u d ic a p ita ta  than th e  1979 p la n t  s u r fa c e  sam p le. In  January 1980 

th e  d ecom p osin g  t i s s u e  from 1978 p la n t  b had a lo w er  p r o p o r t io n  o f  

M. d is j u n c t a  th a n  d id  th e  s u r fa c e  sam p le.

4 . 2 . 1 0 .  B ree d in g  s t r u e t u r e  o f  th e  p o p u la tio n s

F or each  s p e c i e s ,  le n g th  fr eq u e n c y  h is to g ra m s fo r  each  o f  th e



P r o p o r t io n s  o f  th e  d i f f e r e n t  s p e c i e s  in  s u r fa c e  and 
d ecom p osin g  t i s s u e  sa m p le s , 1978 p la n t s .
Numbers show number o f  nem atodes in  each  sa m p le .
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MONTH DISCS DECOMPOSING RESULT

January 1979 P o o led P o o led -

March 1979 No com p arison  p o s s ib l e

May 1979 P oo led 1978 (o n ly  p la n t ) +

J u ly  1979 P o o led P o o led -

Septem ber 1979 P o o led P o o led -

1979 1978 and 1979 +

November 1979 1979
1978

1979 b 
1978 and 1979 a

+
+

1978 1979 b -

1978 b and 1979 -
January I9o0

1978 a +

TABLE 4 . 8 » R e s u lt s  o f  G - t e s t s  f o r  d i f f e r e n c e s  in  r e l a t i v e
s p e c i e s  abundance b etw een  s u r fa c e  and d ecom p osin g  t i s s u e  
sam p les in  th e  same b im on th ly  sa m p le .
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b r e e d in g ” c a t e g o r ie s  ( s e e  s e c t i o n  4 . 1 . )  w ere c o n s tr u c te d  fo r  each  

b im o n th ly  sa m p le . There w ere no ap p aren t d i f f e r e n c e s  in  l o c a t i o n  

b etw een  th e  h isto g ra m s fo r  one s p e c ie s  in  th e  d i f f e r e n t  b im o n th ly  

sa m p le s , s o  th e s e  w ere com bined to  g iv e  o v e r a l l  le n g th -fr e q u e n c y  

h is to g r a m s  fo r  th e b r e e d in g  c a t e g o r ie s  in  each  s p e c i e s ,  shown in  

F ig s .  4 . 7 .  -  4 . 1 0 .

In M. d is j u n c t a  th e  two s e x e s  became r e c o g n iz a b le  a t  a l e n g t h  

o f  400-600pm . F em ales became m ature a t  a le n g th  o f  600-750pm . The 

maximum le n g th  rea ch ed  by fe m a le s  was ab ou t 1 0 0 0 pm, by m ales ab o u t  

900pm.

In  M. r e fr in g e n s  th e  two s e x e s  a g a in  became r e c o g n iz a b le  a t  a  

l e n g t h  o f  400-600pm . F em ales became m ature a t  550-750pm . The maximum 

le n g th  reach ed  by b oth  m ales and fe m a le s  i s  about 800pm.

In  C. n u d ic a p ita ta  m a les  became r e c o g n iz a b le  a t  a le n g th  o f  

350-500pm , fe m a le s  a t  about 500pm. T h is  im p l ie s  th a t  m ost o f  th e  

l a r g e r  " j u v e n i le s "  w ere fe m a le . F em ales becam e m ature a t  600-800pm .

The maximum le n g th  was 900-950pm  in  b o th  s e x e s .

In  T. a c e r  th e  s e x e s  became r e c o g n iz a b le  a t  1200-1400pm  in  l e n g t h .  

F em ales became m ature a t  1500-1900pm . The maximum le n g th  rea ch ed  by 

fe m a le s  was 2800pm, b u t m ost a d u lt s  o f  b oth  se x e s  d id  n o t ex ceed  2300pm.

S e a so n a l v a r ia t io n  in  th e  b r e e d in g  s t r u c t u r e  o f  th e  p o p u la t io n s  

ca n  th en  be shown in  two w ays; from the o v e r a l l  le n g th - fr e q u e n c y  

h isto g ra m s fo r  each  s p e c i e s  ( F i g s .  4 . 1 1 .  -  4 . 1 4 )  and from s e a s o n a l  

v a r ia t io n  in  th e  r e l a t i v e  p r o p o r t io n  o f  th e  b r e e d in g  c a t e g o r ie s  in  each  

s p e c ie s  (T a b le  4 . 9 . ) .  For M. d i s j u n c t a , M. r e f r in g e n s  and C. n u d ic a p ita ta  

th e  h is to g r a m s  do n o t vary  much in  l o c a t i o n  o r  in  sk ew n ess from month to  

month, in d i c a t in g  th a t  th e  b r e e d in g  s t r u c t u r e  o f  th e  p o p u la t io n s  was more 

o r  l e s s  c o n s ta n t  th rou gh ou t th e  sa m p lin g  p e r io d . T h is i s  b orn e o u t  by 

th e  la c k  o f  v a r ia t io n  in  th e  p r o p o r tio n s  o f  th e  b ree d in g  c a t e g o r ie s :  

G - t e s t s  fo r  v a r ia t io n  in  th e  p r o p o r tio n  o f  j u v e n i l e s  showed a s i g n i f i c a n t



FIG.

NO. OF
INDIVIDUALS

juvonilos

[ L v2 0 0 4 0 0  600 800 woo

200 13oodoa wo400

non-brooding 
9 9

, _______________________ H =
200 400 600 800 WOO

brooding
9 9

.rrilT ~h~

d'd'

200 400 600 800 1000

BODY LENGTH (|jM )

1 .7 . L en g th -fr eq u e n c y  h is to g r a m s  fo r  th e  fo u r  b r e e d in g
c a t e g o r i e s  in  M onhystera d is .ju n c ta .



FIG.

N O  OF
INDIVIDUALS

It. \ L

juveniles

200 400 600  800 XXX)

n-f f l
non-breeding

99

200 400 6 0 0  800 1000

breeding

KXX)400 6 0 0 800200
4

E L - O L
KXX)200 40 0 600 800

BODY LENGTH
Q/m]

L en g th -fr eq u e n c y  h is to g r a m s  fo r  th e  fo u r  b r e e d in g
c a t e g o r ie s  in  M onhystera r e f r in g e n s .



N O . OF 8 
INDIVIDUALS

0

1 2

bd
juveniles

200 400 600 800 1000

non-breeding 
99

h
200 400 600 800 1000

la,
breeding
99

200 400 600 800 1000

crrlI JZL
200 400 600 800 1000

BODY LENGTH
[MM]

FIG, 4 . 9 . L e n g th -fr e q u e n c y  h is to g r a m s  fo r  t h e  fo u r  b r e e d in g
c a t e g o r i e s  in  Chromadora n u d ic a p i t a t a .



F I G .

NO. OF
INDIVIDUALS mm800

juveniles

l~Dn
1600 2400

800 m1600

non* breeding
9 9

2400

WO 1600
th = .

breeding

2400

800
n

1600
tL

2400

BODY LENGTH
ftJM]

4 .1 0 . L en g th -fr eq u e n c y  h is to g ra m s f o r  th e  fo u r  b r e e d in g
c a t e g o r ie s  in  T h e r is tu s  a c e r .



n o . or
INDIVIDUALS

•

°*------- J S J ^ I r -*"■S=H
M ar * 7 9

"Boo

"353 35o hio' 1 too Iflbo

j r

MafW79

M f  r m

S«pt 1979

Nw 1979

TO4 ^

Jan 19t0

BODY LENGTH
[MM]

FIG. 4 .1 1 . L en g th -fr eq u e n c y  h isto g ra m s fo r  M onhystera d is j u n c t a
i n  th e  d i f f e r e n t  b im on th ly  sa m p les .



NO. OF
INDIVIDUALS 1

1
200 400 600 800

n
200 400 600 800

200 400 600 800

200 400 600 800

M ar 1979

M ay 1979

Sept 1979

Nor 1979

Jan 1980
200 400 600 800

BODY LENGTH
M

FIG. 4 .1 2 . L en gth -freq u en cy  h istogram s for  M onhystera r e fr in g e n s
in  th e  d i f f e r e n t  bim onthly sam ples.



NO. OF 
INDIVIDUALS

M ar 1979
________   O —
200 400 600 800 1000

JZL n = .
May 1979

200 400 600 800 1000

nJT r td Q .
Jul 1979

200 400 600 800 KXX)

n m n -  f L  * *■ 1979
200 400 600 800 KXX)

T T T i i Nov 1979
200 400 600 800 1000

rn n-l~1 n Jan 1980
200 400 600 800 1000

BODY LENGTH
[MM]

FIG. 4 .1 3 . L ength -frequency h istogram s fo r  Chromadora nudicapi t a t a
i n  the d i f f e r e n t  bim onthly sam p les.



FIG

NO. OF
INDIVKXJALS ^

36
800

frH  I I m —L
Mar 1979

1600 2400

12 May 1979

800
a

1600 2400

.1 n l~k,
800

Jul 1979
MOO 2400

Jan 1979
800 1600 2400

BOOT LENGTH
BJM]

4 .1 4 . L ength -frequency h istogram s fo r  T h e r is tu s  acer in
th e  d i f f e r e n t  b im onthly sam ples.



-  75 -

SPEC I 2S MONTH JUV. NON BR.Q BR. N r'

11. d is iu n c t a March 1979 23 23 32 8

May 1979 1 1 1 1 1 3

J u ly  1979 0 1 1 0

Septem ber 1979 0 1 0 1

November 1979 27 36 54 13

January 1980 40 34 2 0 1 2

M. r e fr in g e n s May 1979 1 3 2 0

Septem ber 1979 32 2 0 45 1

November 1979 9 16 8 1

January 1980 2 4 1 0

C. n u d ic a p ita ta March 1979 0 0 1 0

May 1979 0 2 4 0

J u ly  1979 5 1 2 4 1 2

Septem ber 1979 7 1 5 7

November 1979 9 16 6 1 2

January 1980 1 3 2 3

T h e r is tu s * arch  1979 0 1 1 0 0

May 1979 49 56 39 69

J u ly  1979 7 6 0 0

January 1980 1 0 0 0

TABLE 4 . 9 , Numbers o f  in d iv id u a ls  in  ea ch  b r e e d in g  c a te g o r y
( j u v e n i l e s ,  im m ature fe m a le s ,  b r e e d in g  fe m a le s , m a le s )  
in  d i f f e r e n t  b im o n th ly  sa m p les .
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d i f f e r e n c e  o n ly  in  th e  c a s e  o f  M. d is j u n c t a  w h ich  had a lo w er  p r o p o r tio n  

o f  j u v e n i l e s  in  th e  May 1979 sam ple th an  in  th e  o th e r  sa m p le s . T. acer  

showed a d i f f e r e n t  s e a s o n a l  p a t te r n . In  March 1979 o n ly  im m ature  

fem a les  w ere p r e s e n t ;  immature and m ature fe m a le s ,  m ales and j u v e n i l e s  

w ere found in  May 1979 , and in  J u ly  1979 o n ly  j u v e n i l e s  and s m a ll  immature 

fe m a les  rem ain ed .

No. o f  immature 9  + n o . o f  m ature 2Sex r a t i o s ,  g iv e n  by: --------------------------------------------     ^  w ereNo. o f

c a lc u la t e d  from the d a ta  in  T a b le  4 . 9 .  f o r  each  s p e c i e s  fo r  ea ch  b im o n th ly  

sa m p le . G - t e s t s  showed th a t  s e a s o n a l v a r ia t io n  in  s e x  r a t io  was n o t  

s i g n i f i c a n t  a t  th e  1% l e v e l  fo r  M. d i s j u n c t a , M. r e f r in g e n s  o r  

C. n u d ic a p ita ta . s o  d a ta  from th e  d i f f e r e n t  b im o n th ly  sam p les w ere  p o o le d  

and o v e r a l l  s e x  r a t io s  c a lc u la t e d  fo r  each  s p e c i e s .  The G - te s t  was th en  

u sed  t o  t e s t  t h e s e  o v e r a l l  r a t io s  f o r  d e v ia t io n  from a 1:1 r a t i o .  The 

r e s u l t s  a re  shown i n  T a b le  4 .1 0 .  In  C . n u d ic a p ita ta  th e  d e v ia t io n  from  

1:1  i s  n o t s i g n i f i c a n t  a t  th e 1% l e v e l ;  in  th e  two M onhystera s p e c ie s  i t  

i s  h ig h ly  s i g n i f i c a n t .

SPECIES SEX RATIO PROBABILITY (G-TEST)

M. d is j u n c t a 6 . 1 < 0 .0 0 5

M. r e fr in g e n s 4 9 .5 < 0 .0 0 5

C. n u d ic a p ita ta 1 0 .0 2 5 >  P > 0 . 0 1 0

T. a c e r 1 .4 p s> 0 .0 2 5

TABLE 4 .1 0 . Sex r a t io s  fo r  th e  fo u r  s p e c ie s  and r e s u l t s  
o f  t e s t s  fo r  d e v ia t io n  from a 1 : 1  r a t i o .
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I t  can  c l e a r l y  be see n  from T a b le  4 . 9 .  th a t  T. a c e r  d o es show  

s e a s o n a l  v a r ia t io n  in  s e x  r a t i o .  The r a t i o  shown in  T a b le  5 .1 0 .  fo r  t h i s  

s p e c i e s  i s  d e r iv e d  from th e  May 1979 sam ple o n ly .

For each  s p e c i e s ,  s e p a r a t e  len g -th -freq u en cy  h is to g ra m s we're c o n s tr u c te d  

fo r  ea ch  d is c  and d ecom p osin g  t i s s u e  sam ple w ith in  ea ch  b im o n th ly  sam p le.

In  many c a s e s  th e  numbers in v o lv e d  w ere very  s m a l l ,  b u t th e r e  w ere  no 

o b v io u s  d i f f e r e n c e s  in  lo c a t io n  o r  sk ew n ess b etw een  th e  h is to g r a m s  w ith in  

on e b im onth ly  sa m p le . T h is  s u g g e s t s  th a t  a t  t h i s  s c a l e  th e r e  i s  l i t t l e  

p a tc h in e s s  in  s i z e  s t r u c tu r e  o f  a nem atode p o p u la t io n .

4 .2 .1 1 .  Gut c o n te n t s  a n a ly s e s

( a) H. d is j u n c t a

The g u t  o f  t h i s  s p e c i e s  n ev er  c o n ta in e d  d ia tom s o r  any o th e r  p la n t  

m a t e r ia l .  O c c a s io n a l ly  sm a ll sed im en t p a r t i c l e s  w ere p r e s e n t ,  more o f t e n  

o i l  d r o p le t s  and what m igh t h ave been b a c t e r ia .

( b) M. r e fr in g e n s

The g u t o f  t h i s  s p e c i e s  o f t e n  c o n ta in e d  m a te r ia l  s im i la r  to  th a t  

d e s c r ib e d  above fo r  M. d i s j u n c t a . In  a d d i t io n ,  d ia tom s and d ia tom  f r u s t u l e s ,  

u s u a l ly  i n t a c t ,  and p ie c e s  o f  o th e r  p la n t  m a t e r ia l ,  w ere o f t e n  p r e s e n t .

Taken o v er  a l l  th e  sam p les:

8 . 1 % o f  th e  H. r e f r in g e n s  had 1  d ia tom  in  th e gu t
2.7% ” 2 d ia to m s in  th e  g u t
6.7% " 3 o r  more d iatom s i n  th e  g u t
2 . 6 % " i n t a c t  b ut em pty d iatom  f r u s t u le s
2 . 6 % M d ia tom  fragm en ts
4.0%: " amorphous g reen  m a tter
3.0% " o th e r  o b je c t s

70.5%; " none o f  th e s e

T hese p e r c e n ta g e s  add up t o  more than  100%: b e c a u se  some in d iv id u a l s  

had fo r  exam ple, d ia to m s and " o th e r  o b je c ts "  in  th e  g u t .

The d iatom s found in  th e  g u t w ere  a l l  from the s m a lle r  end o f  th e  

s i z e  ran ge o f  d iatom s found on th e  fro n d  ( s e e  s e c t io n s  3 . 5 . ,  3 . 7 . ,  3 .9 .  

and 3 . 1 0 . ) .  They w ere m o s t ly  N a v ic u la - l i k e  d iatom s o f  about 25x5pm in  s i z e .
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One N it z c h ia  was s e e n , and th e la r g e s t  o f  th e  N a v ic u la - l i k e  d ia tom s was 

>^35x5|am. The maximum number o f  d iatom s see n  in  th e  gu t o f  one in d iv id u a l  

was n in e .  The c a te g o r y  " o th er  o b je c ts "  in c lu d e s  a p p a r en tly  c o l o u r l e s s  

f i la m e n t s  a b o u t 4pm in  d ia m eter  o f  w hich  le n g th s  o f 'u p  to  30pm w ere seen ;  

th e s e  resem b led  L e u c o th r ix  f i la m e n t s  ( s e e  s e c t io n  3 . 1 0 . ) .  A ls o  in  t h i s  

c a te g o r y  w ere f l a t t e n e d  s p h e r ic a l  o b j e c t s  </*5pm in  d ia m ete r , w h ich  m ight 

h a v e been c o lo u r le s s  f l a g e l l a t e s .  The s m a l le s t  M. r e fr in g e n s  to  h ave any 

o f  th e s e  r e c o g n iz a b le  o b j e c t s  in  t h e  gu t was 490pm in  le n g th .  About h a l f  

th e  o b j e c t s  s e e n  w ere in  th e  p o s t e r io r  h a l f  o f  th e  g u t ,  o f t e n  j u s t  in  fr o n t  

o f  th e  anus; ab ou t h a l f  w ere in  th e  a n te r io r  h a l f  o f  th e g u t .  Many o f  th e  

o b j e c t s  appeared  to  be u n d er g o in g  d ig e s t io n ,  th e c e l l s  o f t e n  b e in g  ruptured  

and th e  c h lo r o p h y l l  d eg ra d in g . I t  i s  o f  c o u r s e  p o s s ib l e  th a t  th e s e  o b je c t s  

w ere p a r t ly  degrad ed  b e fo r e  i n g e s t i o n .  On a fefr o c c a s io n s  a p p a r e n tly  

undamaged d ia to m s w ere se e n  in  th e  p o s t e r io r  p a r t  o f  th e  g u t . T here was 

no a p p a ren t s e a s o n a l  v a r ia t io n  in  th e  ty p e  o f  g u t c o n te n t s  o r  in  th e  

p r o p o r t io n  o f  in d iv id u a ls  w ith  r e c o g n iz a b le  o b j e c t s  in  th e  g u t .

( c )  C. n u d ic a p ita ta

Taken o v e r  a l l  th e  sa m p le s , 41.3% o f  th e  C. n u d ic a p ita ta  had green  

m a tte r  in  th e  g u t .  Much o f  t h i s  m a te r ia l  was am orphous, but some appeared  

to  be th e  rem ains o f  c h lo r o p la s t s  and o f  a lg a l  f i la m e n t s .  One i n t a c t  

diatom  f r u s t u le  was s e e n , as w e l l  as s e v e r a l  c o l o u r l e s s  s p h e r ic a l  o b je c t s  

w h ich  m ight h ave been  f l a g e l l a t e s .  G reen m a tter  was s e e n  in  a l l  p a r t s  o f  

th e  g u t ,  and th e  s m a l le s t  in d iv id u a l  in  w hich  i t  was n o t ic e d  was 370pm lo n g .

(d )  T. a c e r

The g u ts  o f  m ost in d iv id u a l s  o f  t h i s  s p e c ie s  in  th e May 1979 sam ple  

c o n ta in e d  o i l  d r o p le t s ,  o b j e c t s  w hich  appeared  to  b e ro d -sh a p ed  b a c t e r ia  

1 - 1 . 5pm lo n g ,  and u n r e c o g n iz a b le  amorphous m a t e r ia l .  2 . 6 % o f  in d iv id u a ls  

had sed im en t p a r t i c l e s  in  th e  g u t ,  and 3.2% had r e c o g n iz a b le  f l a g e l l a t e s ,
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th e  f l a g e l l a  b e in g  v i s i b l e  in  many c a s e s .  S m all d iatom s w ere s e e n  in  two 

i n d iv id u a l s ,  and amorphous green-brow n m a te r ia l  in  a few  o t h e r s .  A ll  

th e s e  o b j e c t s  w ere p r e s e n t  in  both th e a n t e r io r  and p o s t e r io r  p a r ts  o f  

th e  g u t s .

4 . 3 .  DISCUSSION

4 . 3 . 1 .  P r e v io u s  re co rd s  o f  th e  fo u r  abundant s p e c ie s

R e fe r e n c e s  a r e  o n ly  g iv e n  fo r  r e c o r d s  o f  p a r t i c u la r  r e le v a n c e  

to  t h i s  s tu d y . O th er in fo r m a tio n  i s  d e r iv e d  from th e  re co rd s  l i s t e d  

by G erlach  and Riemann (1 9 7 3 , 1 9 7 4 ) .

M onhystera d is j u n c t a

Much o f  th e  l i t e r a t u r e  on t h i s  s p e c ie s  i s  rev iew ed  by C hitw ood  and 

Murphy (1 9 6 4 ) .  I t  i s  w id e ly  d i s t r i b u t e d ,  h a v in g  been  reco rd ed  from th e  

N. S e a , B a l t i c  and A t l a n t i c ,  and from C h i le ,  th e  F a lk la n d  Is la n d sa n d  

C am pbell I s la n d .  I t  a l s o  o c c u p ie s  a w id e  range o f  h a b i t a t s :  sandy t i d e  

p o o ls ,  mud a t  300-400m  d e p th  in  f j o r d s ,  d e c a y in g  a lg a e ,  l i t t o r a l  a lg a e ,  

Z o s te r a  fr o n d s ,  betw een th e  p ere io p o d s  o f  amphipods and on th e  e g g  c a p s u le s  

o f  c r a b s .  Some o f  th e  r e c o r d s  from a lg a l  h a b i t a t s  a r e  o f  p a r t ic u la r  

r e le v a n c e  t o  th e  p r e s e n t  s tu d y . O tto  (1 9 3 6 ) found M. d is j u n c t a  on d e c a y in g  

a lg a e .  C hitw ood & Murphy (1 9 6 4 ) d e s c r ib e  how when b la d e s  o f  k e lp s ,  

p a r t i c u l a r l y  L am inaria  s i n c l a i r i i . w ere l e f t  to  r o t  in  tan k s a s l im e  

d ev e lo p ed  on th e  s i d e s  o f  t h e  tan k s and t h e  rem nants o f  th e  b la d e s ,  and in  

t h i s  a  m o n o s p e c if ic  bloom  o f  M. d is j u n c t a  o c c u r r e d . W ieser (1 9 5 1 ) s tu d ie d  

th e  nem atode fau n a o f  e i g h t  s p e c ie s  o f  a lg a e  grow in g a t  P lym outh  and found  

M. d is j u n c t a  o n ly  on Fucus s e r r a tu s  w hich  was overgrow n w ith  th e  

f i la m e n to u s  brown a lg a  E la c h i s t a  f u c i c o la  o r  w ith  th e  h y d ro id  Dynamena p um ila  

and th e  b ryozoan  E le c tr a  p i l o s a .
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M onhystera r e f r in g e n s

T h is  s p e c ie s  has b een  record ed  o n ly  from m arine a lg a e .  B r e ss la u  and 

S tek h oven  (1 9 4 0 ) d is c o v e r e d  i t  in  th e  f i la m e n to u s  a lg a e  C la d o step h u s  

(F h a eo p h y cea e) and C y sto c lo n iu m  (R hodophyceae) a t  H e lg o la n d . W ieser ( 1 9 5 1 ) ,  

in  th e  s tu d y  m entioned  a b o v e , found M. r e fr in g e n s  on th e  red a lg a  

Ceramium s p . and on Fucus s e r r a tu s  overgrow n w ith  E la c h is t a  f i t s  v e r t i c a l  

ra n g e  b e in g  from C hart Datum to  4m a b o v e . W ieser (1 9 5 9 a ) and Warwick (1 9 7 7 )  

r e co rd ed  i t  from l i t t o r a l  a lg a e ,  W ieser from C h i le  and Warwick from f i n e  

f i la m e n to u s  a lg a e  in  th e  S c i l l y  I s l e s .

Chromadora n u d ic a p ita ta

L ik e  M. d is j u n c t a  t h i s  s p e c i e s  ap pears to  be a lm o st c o s m o p o lita n ,  

w ith  r e c o r d s  from th e  N. S e a , A t l a n t i c ,  M ed iterra n ea n , B lack S e a , Jap an , 

C h i l e ,  th e  F a lk la n d  I s la n d s  and C am pbell I s la n d .  M ost re co rd s  a re  from  

a lg a e  o r  from c o a r s e  san ds in  e i t h e r  the l i t t o r a l  or  th e  s h a llo w  s u b l i t t o r a l .  

W ieser  (1 9 5 1 ) found C. n u d ic a p ita ta  on a l l  th e  a lg a e  h e  exam ined, and i t  

was a l s o  p r e s e n t  in  C h i le  on a l l  a l g a l  grow thform s e x c e p t  in  th e  h o ld f a s t s  

o f  th e  la r g e  brown a lg a e  (W ie se r , 1 9 5 9 a ) . Both in  C h i le  and in  th e  

M ed iterra n ea n , W ieser  (1 9 5 9 a , 1959b) found th a t  in  exp osed  s i t u a t i o n s  

C. n u d ic a p ita ta  was r e p la c e d  by a s p e c i e s  he i d e n t i f i e d  as Chrom adorina  

l a e t a  [ i n g l i s  (1 9 6 2 ) c o n s id e r s  t h i s  a s p e c i e s  in q u iren d a j. At Plym outh  

"C. la e ta "  was a b se n t and C. n u d ic a p ita ta  ex ten d e d  i t s  d i s t r i b u t i o n  in t o  

a p p a r en tly  more exp osed  s i t u a t i o n s  (W iese r , 1 9 5 1 ) . O tt  (1 9 6 7 ) reco rd ed  

C . n u d ic a p ita ta  from a l l  p a r t s  o f  C y s to s e ir a  s p ic a t a  p la n ts  i n  th e  

A d r ia t ic  and fou n d  th a t  on C. a b r o t a n i f o l ia  i t  was more abundant a t  a  

s h e l t e r e d ,  than  a t  an e x p o se d , s i t e .

C m n u d ic a p ita ta  was p r e se n t  on most o f  the f in e  f ila m en to u s  weeds

from th e  S c i l l y  I s l e s  s tu d ie d  by Warwick (1 9 7 7 ) .
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T h e r is tu s  a c e r

T h is s p e c i e s  a l s o  has a w id e  d i s t r ib u t io n :  N. S e a , B a l t i c ,  A t la n t ic  

and M ed iterra n ea n , th e  Bay o f  B e n g a l, th e  F a lk la n d  I s la n d s  and C am pbell 

I s la n d .  T here a r e  r e co rd s  from b oth  sed im en t and a l g a l  h a b i t a t s .  The 

se d im e n ts  in c lu d e  muds and sands from th e  s u p r a l i t t o r a l  to  30m d e p th , but 

a h ig h  p r o p o r t io n  o f  th e  r e c o r d s  are  from  "m ixed h a b i t a t s " ,  e . g . :  "under  

s t o n e s  am ongst S p ir o r b is  tu b es"  (S o u th e r n , 1914 , as M onohystera a c r i s ) ,

" s h e l l  sand w ith  you ng  M y tilu s  and a lg a e"  and "Much mud w ith  some sa n d , tu b es  

o f  a n n e lid s  and you n g  M ytilu s"  (b o th  S telchoven , 1 9 3 5 ) .  Some r e c o r d s  a re  

from b r a c k ish  w a te r . The a lg a l  r e c o r d s  came from a v a r ie t y  o f  a lg a l  

grow th form s. B r e s s la u  and S tek h oven  (1 9 4 0 ) found t h i s  s p e c ie s  on th e  

f i la m e n to u s  a lg a e  R hodocorton  (R h o d o p h y cea e), C la d o step h u s  (P h aeop h yceae)  

and C ladophora (C h lo ro p h y cea e) a t  H e lg o la n d . W ieser  (1 9 5 1 ) reco rd ed  i t  

from G elid iu m , F u cu s , Ceramium and G ig a r t in a  a t  P lym ou th , G er la ch  (1 9 6 5 )  

from Fucus and f i la m e n to u s  brown a lg a e  in  S p itz b e r g e n , and i t  was p r e s e n t  

on m ost o f  th e  f i n e  f i la m e n to u s  a lg a e ,  from the S c i l l y  I s l e s ,  s tu d ie d  by 

Warwick (1 9 7 7 ) .

T h ese  fo u r  s p e c ie s  a r e  th u s w e ll  known as in h a b ita n ts  o f  m arine 

a lg a e  and h ave been  reco rd ed  from a w id e ra n g e  o f  a lg a l  grow th form s.

In  t r y in g  t o  i d e n t i f y  th e  e c o lo g i c a l  r e q u irem en ts  o f  M. d i s j u n c t a .

C . n u d ic a p ita ta  and T. a c e r  l i v i n g  on L . s a c c h a r in a  fro n d s i t  must be  

borne in  mind th a t  th e s e  req u irem en ts  ca n  a l s o  be m et in  c e r t a in  s e d im e n ts ,  

and in  th e  c a s e  o f  M. d is j u n c t a  a l s o  by l i f e  in  a s s o c i a t i o n  w ith  c r u s t a c e a n s .  

C. n u d ic a p ita ta  a p p ears to  have a p r e fe r e n c e  fo r  s h e l t e r e d  s i t u a t i o n s ;  th e  

W ish in g  W ell i s  r e l a t i v e l y  s h e l t e r e d  ( s e e  2 . 1 2 . )  b u t no nem atode sam p les  

w ere ta k en  from more ex p o sed  s i t e s  in  th e  r e g io n .

4 . 3 , 2 .  The n ic h e s  o f  th e  fo u r  common s p e c ie s

In  t h i s  study th e m ost o b v io u s f e a t u r e  o f  the s p a t i a l  d is t r ib u t io n  

o f  nem atodes on th e  fro n d s was th a t th ey  w ere a lm o st c o m p le te ly  c o n fin e d  

to  th e  fro n d  t i p .  W ith in  th e  t i p  r e g io n ,  d i f f e r e n c e s  in  a b s o lu te  numbers
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o f  nem atodes and in  the r e l a t i v e  p r o p o r t io n s  o f  th e  fo u r  s p e c ie s  betw een  

r e p l i c a t e  d i s c s ,  betw een  r e p l i c a t e  p la n t s  and betw een  p la n t s  o f  d i f f e r e n t  

y ea r  groups were sm a ll and , w here th ey  c o u ld  be t e s t e d ,  u s u a l ly  n ot 

s i g n i f i c a n t  a t  th e 1% l e v e l .  D i f f e r e n c e s  b etw een  b im on th ly  sam p les w ere  

much g r e a t e r ,  and g e n e r a lly  were s i g n i f i c a n t  a t  th e  Y:. l e v e l ,  i . e .  th e  fau n a  

showed c o n s id e r a b le  s e a s o n a l v a r ia t io n .

There i s  a m ajor d i f f e r e n c e  betw een  th e  e c o lo g y  o f  T. a c e r  and th a t  

o f  th e  o th e r  th r e e  s p e c i e s .  T. a ce r  was p r e s e n t  on the frond  fo r  o n ly  

p a r t  o f  th e  y e a r ,  i t  was found p red o m in a n tly  in  th e s u r fa c e  sa m p le s , and 

t h e  b r e e d in g  s t r u c t u r e  o f  i t s  p o p u la t io n  was n o t c o n s ta n t ;  i t  i s  a l s o  

much la r g e r  th an  th e o th e r  s p e c i e s .  A l l  th e s e  f e a tu r e s  can  b e  r e la t e d  

t o  th e  d ep en dence o f  T. a cer  on th e e c to c a r p o id  f i la m e n ts  and t h e i r  

a s s o c ia t e d  m a t e r ia l .  The o th e r  th r e e  s p e c ie s  w ere p r e s e n t  more o r  l e s s  

th ro u g h o u t th e  y e a r  and w ere found in  b oth  th e  s u r fa c e  sam ples and th e  

decom posin g  t i s s u e  sa m p les . Each o f  the th r e e  had i t s  own s e a s o n a l  

peak o f  abundance b u t none e v e r  e q u a lle d  th e  numbers a ch iev ed  by T. a c e r  

a t  i t s  peak . A l l  th r e e  s p e c ie s  are o f  much th e same s i z e  and th ey  

ap pear to  b reed  c o n t in u o u s ly .  I t  i s  more d i f f i c u l t  t o  c o r r e la t e  t h e i r  

s p a t i a l  and tem p o ra l d i s t r i b u t i o n  w ith  th o s e  o f  p a r t ic u la r  e p ip h y te s .

T h ese  th r e e  s p e c i e s  can  be c o n s id e r e d  to  be th e  t r u e ,  perm anent fauna  

o f  th e  fr o n d s , as d i s t i n c t  from T. a c e r  which i s  an in h a b ita n t  o f  th e  

e p ip h y t ic  e c to c a r p o id  f i la m e n t s .

T. a ce r  f i r s t  ap peared  on th e  fro n d s in  th e  March 1979 sam ple

when a sm a ll number o f  im m ature fe m a le s  1100-1900pm  in  le n g th  w ere fou n d .

The e c to c a r p o id  f i la m e n t s  had s t a r t e d  t h e i r  ra p id  grow th  in  F ebruary

( s e e  s e c t io n  3 . 6 . )  and by March f i la m e n t s  up to  1.5mm lo n g  w ere p r e s e n t .

■7ith, on a v e r a g e , two f i la m e n ts  p er  clum p h a v in g  grown r a p id ly ,  and a

- 2clum p d e n s ity  o f  «/> 5mm , th e s e  f i la m e n t s  produced a ta n g le d  netw ork  

s ta n d in g  up from  th e fro n d  s u r fa c e  t o  a  h e ig h t  o f  0.5mm. By May 1979 

th e  lo n g e s t  f i la m e n t s  w ere 7-8mm lo n g ,  g iv in g  a netw ork  s ta n d in g  up to



-  83 -

a h e ig h t  o f  3-4mm, w ith in  w h ich  th e  m a te r ia l  d e s c r ib e d  in  4 . 8 .  had

accu m u la ted . Many more T . a c e r  were p r e s e n t ,  th e  mean d e n s it y  in  th e

- 2d is c  sam p les b e in g  3.6cm  , and th e s e  in c lu d e d  m ature in d iv id u a ls  o f

b oth  s e x e s ,  up t o  2300pm lo n g .  The ap pearan ce o f  m ales in d ic a t e d  th a t  

th e r e  had b een  fu r th e r  c o lo n iz a t io n  as w e l l  a s  grow th o f  th e  in d iv id u a ls  

p r e s e n t  in  M arch, B reed in g  had commenced and j u v e n i l e s  350-1600pm  lo n g  

w ere fou n d . By J u ly  1979 th e  e c to c a r p o id  f i la m e n ts  had d ie d  and th e  

m a te r ia l  arou n d  them was d is p e r s in g .  O nly a sm a ll number o f  j u v e n i l e  

and immature fe m a le  T. a c e r  in  th e  s i z e  ra n g e  400-1400pra w ere p r e s e n t  in  

th e  sa m p le , some o f  them in  th e  decom posing  t i s s u e .

The o c c u r r e n c e  on th e  fro n d  o f  T. a ce r  th u s c o in c id e d  e x a c t ly  w ith  

th e  p e r io d  when th e  e c to c a r p o id  f i la m e n ts  grew r a p id ly ,  and t h i s  s t r o n g ly  

s u g g e s t s  a c a u s a l  r e la t i o n s h i p .  I t  seem s l i k e l y  t h a t  th e  network o f  

f i la m e n t s  p ro v id e d  a h a b ita t  w ith in  w h ich  nem atodes t h e  s i z e  o f  T. a c e r  

c o u ld  move. When th e  f i la m e n ts  w ere s t i l l  in  th e  e a r ly  s ta g e s  o f  grow th  

o n ly  sm a ll T. a cer  co u ld  c o l o n i z e  th e  fr o n d , b u t as th e  f i la m e n t s  grew , 

la r g e r ,  m ature in d iv id u a ls  ap p eared . W ieser (1 9 5 1 , 1959a) fou n d  th a t  th e  

nematode fa u n a s  o f  th e  f o l ia c e o u s  a lg a e  N ito p h y llu m  punc tatum  and 

Porphyra l a c i n i a t a  c o n s i s t e d  a lm o st e n t i r e l y  o f  sm a ll s p e c i e s  l e s s  than  

1500pm in  l e n g t h ,  and s u g g e s te d  th a t  t h i s  was b eca u se  on t h e s e  a lg a e  

nem atodes a re  d ependent on e p ip h y te s  fo r  th e  p o s s i b i l i t y  o f  lo c o m o tio n , and  

th a t  th e  e p ip h y te s  p r e s e n t  (w h ich  he d id  n o t  d e s c r ib e  in  d e t a i l )  w ere to o  

sm a ll to  a l lo w  th e  lo c o m o tio n  o f  any b u t th e  s m a l le s t  n em a to d es. The o th e r  

th r e e  s p e c i e s  abundant on L . s a c c h a r in a  fro n d s f a l l  in t o  t h i s  s i z e  c a t e g o r y .  

Apart from th e  e c to c a r p o id  f i la m e n ts  th e  o n ly  e p ip h y te s  w h ich  s to o d  up 

from th e  fr o n d  s u r fa c e  to  any e x te n t  w ere th e  stem s o f  th e  h y d r o id  

O b e lia  g e n ic u la t a  ( s e e  s e c t i o n  3 . 8 . ) ,  and th e s e  w ere n ev er  p r e s e n t  a t  a 

h ig h  enough d e n s i t y  to  form a network in  th e  way th a t  th e  e c to c a r p o id s  d id .  

The s i t u a t i o n  on L . s a c c h a r in a  fro n d s th u s appears to  be th e  r e v e r s e  o f  

th a t  found by W ieser (1 9 5 1 ) on Fucus s e r r a t u s , w here a grow th o f  th e
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h y d ro id  Dynamena pumi1 a and th e  b ryozoan  E le c t r a  p i l o s a  ( t h e  grow th  forms 

o f  w h ich  a r e  n o t u n l ik e  th o s e  o f  0 . g e n ic u la t a  and M embranipora membranacea 

w h ich  w ere found to g e th e r  on th e  L . s a c c h a r in a  frond  in  th e  l a t e  summer and  

autumn) prod uced  a nem atode fa u n a  w ith  a h ig h e r  p r o p o r tio n  o f  la r g e r  s p e c i e s  

than  d id  a grow th  o f  th e  f i la m e n to u s  e p ip h y t ic  a lg a  E la c h is t a  f u c i c o la  

(w h ich  in  grow th form i s  n o t  u n l ik e  th e  e c to c a r p o id  f i l a m e n t s ) .

The c o l o n i z a t i o n  o f  th e  fr o n d s  by T. a c e r  im p l ie s  th a t  t h e r e  was a

s o u r c e  p o p u la t io n  in  some o th e r  h a b i t a t .  T. a ce r  was a g a in  abundant on th e

fr o n d s  in  May 1 9 8 0 , w h ich  s u g g e s t s  th a t  th e s e  m ig r a t io n s  a re  a r e g u la r

f e a t u r e  o f  th e  b io lo g y  o f  t h i s  s p e c i e s .  The lo c a t io n  o f  th e  s o u r c e

p o p u la t io n  i s  n o t  known. Warwick (1 9 7 7 ) found t h a t  in  th e  S c i l l y  I s l e s  

T. a c e r  was p r e s e n t  on th e  l i t t o r a l  a lg a e  A sp a ra g o p s is  arm ata and 

F a lk e n b e r g ia  r u fo la n o s a  th rou gh ou t t h e  y e a r , w ith  in  som e y e a r s  a  peak o f  

abundance in  th e  p e r io d  M ay-Ju ly . Such a peak in  t h e  p o p u la t io n  d e n s i t y  

on o th e r  a lg a e  m igh t le a d  t o  e m ig r a t io n  w hich  c o in c id e d  w ith  th e a v a i l a b i l i t y  

o f  th e  e c to c a r p o id  f i la m e n t  h a b i t a t  on L . s a c c h a r in a  fr o n d s . On th e  o th e r  

hand, th e  peak  o b serv ed  by Warwick c o u ld  h ave been th e  r e s u l t  o f  e m ig r a tio n  

from y e t  a n o th e r  h a b i t a t ,  p o s s ib ly  a  s e d im e n t . Sam ples ta k en  in  May 1979 

from th e  a lg a e  P o ly s ip h o n ia  u r c e o la t a  and E cto ca rp u s s p . g ro w in g  on b o u ld ers  

in  th e  k e lp  z o n e  a t  th e  W ish in g  W ell d id  n o t  c o n ta in  T. a c e r .

I t  appeared  th a t  o n ly  on e c y c l e  o f  b r e e d in g  to o k  p la c e  on th e  

L a m in a r ia  fr o n d s . T h is  a g r e e s  w ith  th e  g e n e r a t io n  t im e s  m easured by 

G er la c h  and S ch ra g e  (1 9 7 1 ) f o r  th e  c l o s e l y  r e la t e d  T . p e r t e n u is  B r e s s la u  

and S tek h o v en . C u ltu r e s  d e r iv e d  from in d iv id u a l s  c o l l e c t e d  w ith  L am in aria  

h o ld f a s t s  from H e lg o la n d  w ere m a in ta in e d  on s e a w a te r  agar and showed a 

g e n e r a t io n  t im e  o f  71 days a t  7°C and 47 d a y s a t  9 -1 2 °C , ( t h e s e  a r e  th e  

c l o s e s t  o f  t h e i r  e x p e r im e n ta l tem p era tu res  t o  th o se  e n c o u n te r e d  a t  th e  

W ish in g  W ell d u r in g  th e  p e r io d  in  w hich  T . a c e r  was p r e s e n t  on th e  f r o n d s ) •

F u rth er  d e d u c t io n s  about t h e  n ic h e  o f  T . a c e r  can  b e made from th e  

r e s u l t s  o f  th e  g u t  c o n te n ts  a n a l y s i s ,  ta k en  to g e th e r  w ith  th e  s t r u c t u r e
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o f  th e  b u cca l c a v i t y .  L iv ing- among th e e c to c a r p o id  f i la m e n t s ,  T . a ce r  

i s  p r e se n te d  w ith  th e  com plex m a te r ia l  d e s c r ib e d  in  s e c t io n  3 . 7 . ,  a 

m u c ila g e  m a tr ix  c o n ta in in g  b a c t e r ia ,  f l a g e l l a t e s ,  a v a r ie t y  o f  d ia to m s,  

sed im en t g r a in s ,  f a e c a l  p e l l e t s  and c i l i a t e s .  T. a c e r  has an unarmed 

b u c c a l c a v i t y ,  «/» 6 pm w ide x 2.5pm  deep in  a j u v e n i l e  o f  body le n g th  

800pm, 10pm w id e  x  4pm deep  in  an a d u lt  1800pm lo n g .  The g u t r a r e ly  

c o n ta in e d  r e c o g n iz a b le  p la n t  m a t e r ia l ,  s o  i t  d o es  n o t seem t h a t  d ia tom s  

o r  th e  e c to c a r p o id  f i la m e n ts  th e m se lv e s  w ere an im p o rta n t fo o d . F l a g e l l a t e s  

and what appeared  t o  be ro d -sh a p ed  b a c t e r ia  w ere r e g u la r ly  s e e n ,  b u t were 

o f t e n  in  an a p p a r e n tly  u n d ig e s te d  s t a t e  even  in  th e  p o s t e r io r  g u t .

T. a c e r  m ight h ave been s e l e c t i v e l y  in g e s t in g  t h e s e  organ ism s and d ig e s t in g  

them . A l t e r n a t iv e ly  th e  m u c ila g e  m a tr ix  c o u ld  h ave been  in g e s t e d  

u n s e l e c t i v e l y  to g e th e r  w ith  a l l  p a r t i c l e s  in  i t  sm a ll enough to  p a ss  in to  

th e  g u t .  In  t h i s  c a s e  e i t h e r  th e  m u cila g e  i t s e l f ,  o r  th e p a r t i c l e s  

c o n ta in e d  in  i t ,  o r  b o th , c o u ld  have been  d ig e s t e d .

M. d is j u n c t a  was th e  m ost abundant nem atode on th e  frond  in  b o th  

w in t e r s ,  i . e .  in  th e  sam p les tak en  in  January and March 1979 and a g a in  in  

November 1979 and January 1 9 8 0 . In  th e  d is c  sam ples,num bers w ere h ig h e r  

i n  March and November 1979 th an  in  e i t h e r  Jan uary 1979 o r  Jan uary 1980.

T here was no la r g e  d i f f e r e n c e  in  th e r e l a t i v e  abundance o f  t h i s  s p e c ie s  

betw een  th e  s u r fa c e  and th e  decom posin g  t i s s u e  sam ples e x c e p t  i n  May 1979 , 

when i t  was s t i l l  dom inant in  th e  d ecom p osin g  t i s s u e ,  but form ed o n ly  a 

sm a ll p r o p o r t io n  o f  th e  nem atodes on th e  frond  s u r fa c e  sa m p le s . I f ,  

h ow ever, th e  grow th  o f  th e  e c to c a r p o id  f i la m e n ts  had n o t  a llo w ed  T. a c e r  

t o  c o lo n iz e  th e  fr o n d , M. d is j u n c t a  would have been  th e  most abundant 

nem atode on th e  s u r fa c e  as w e l l  as in  th e  decom posin g  t i s s u e .  No e p ip h y te s  

r e a ch ed  t h e i r  s e a s o n a l  peak o f  abundance d u r in g  t h i s  w in te r  p e r io d ,  b u t  

c l u e s  to  th e  n ic h e  o f  t h i s  s p e c ie s  come from th e  g u t c o n te n ts  and th e  

s t r u c t u r e  o f  th e  b u c c a l c a v i t y .  The b u c ca l c a v i t y  i s  unarmed and s m a l l ,  - 

a b o u t 2pm w ide x  4pm deep in  an a d u lt  o f  body le n g th  750pm, and as w ould be
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e x p e c te d , no la r g e  o b j e c t s  w ere ev e r  se e n  in  th e  g u t . On th e  fron d  s u r fa c e  

th e  o n ly  p o t e n t i a l  fo o d  w ould  be p e r p e n d ic u la r ly  a tta c h e d  ro d -sh a p ed  

b a c t e r ia  and o c c a s io n a l  f l e x i b a c t e r i a , t o g e th e r  w ith  m u c ila g e  d e r iv e d  

from the L a m in a r ia  ( s e e  s e c t i o n  3 . 4 . ) .  The two p rev io u s  r e c o r d s  o f  t h is  

s p e c i e s  from decom posin g  a lg a e  ( s e e  above) r a i s e  th e  p o s s i b i l i t y  th a t  

i t  i s  in  th e  a r e a s  o f  decom posin g  t i s s u e  th a t  M. d is j u n c t a  f e e d s .

P o t e n t ia l  fo o d s  in  th e s e  a r e a s  w ere: ro d -sh a p ed  b a c te r ia  o f  v a r io u s  ty p es  

a t  h ig h e r  d e n s i t i e s  than on th e  frond s u r f a c e ,  f i la m e n to u s  b a c t e r ia  such  

a s  F le x ib a c t e r  and L e u c o th r ix , and th e  d ecom p osin g  L am inaria  t i s s u e  i t s e l f ,  

o r  a t  l e a s t  d i s s o lv e d  o r g a n ic  m a tter  and c e l l  c o n te n t s  le a k in g  from i t  

( s e e  s e c t i o n  3 . 1 0 . ) .

M. r e f r in g e n s  rea ch ed  i t s  maximum number in  th e  Septem ber 1979  

sa m p le , w here i t  was th e  m ost abundant nem atode in  b oth  th e  s u r fa c e  and 

th e  d eco m p o sin g  t i s s u e  sa m p le s . I t  was i n  t h i s  sam ple th a t  th e  decom posin g  

t i s s u e  r e a c h e d  i t s  maximum e x t e n t ,  r e a c h in g  back fo r  a c o n s id e r a b le  d is t a n c e  

from th e  fro n d  t ip s  ( s e e  s e c t i o n  3 . 2 . ) .  Membranipora c o l o n i e s  a l s o  rea ch ed  

t h e i r  maximum abundance in  Septem ber 1 9 7 9 , b ut th e  maximum M embranipora 

c o v e r  was w e l l  b eh in d  th e  fro n d  t i p  ( s e e  s e c t i o n  3 . 9 . ) .  M. r e f r in g e n s  

was m ost abundant a t  th e  fro n d  t i p ,  w h ich  s u g g e s ts  th a t  i t  was a s s o c ia t e d  

w ith  th e  d ecom p osin g  t i s s u e  r a th e r  th an  w ith  M embranipora. Even an 

a s s o c i a t i o n  w ith  th e  o l d e s t  bryozoan  c o l o n i e s  w h ich  a re  found n e a r e s t  th e  

fro n d  t i p  and in  w hich  dead z o o id s ,  w ith  t h e i r  d i s t i n c t i v e  com munity o f  

d ia tom s and c i l i a t e s , w ere m ost abundant w ould n o t  e x p la in  th e  o b serv ed  

d i s t r i b u t i o n  o f  M. r e f r in g e n s . M. r e f r in g e n s  has a b u c c a l c a v i t y  w h ich  

i s  la r g e r  th an  th a t  o f  M. d i s j u n c t a , 5pra w id e x  3pm deep in  an a d u lt  o f  

body le n g th  700pm, and i s  cu p -sh ap ed  r a th e r  th an  e lo n g a t e ,  and la r g e r  

p a r t i c l e s  w ere se e n  in  th e  g u t  o f  t h i s  s p e c i e s .  W hile d ia tom s o f  th e  

ty p e  se e n  in  th e  g u t w ere p a r t i c u la r ly  abundant in  dead b ryozoan  z o o id s ,  

th e y  w ere  a l s o  p r e s e n t  on th e  decom posing t i s s u e  ( s e e  s e c t i o n  3 . 1 0 . ) ,  and 

in  v iew  o f  th e  d i s t r i b u t i o n  o f  M. r e fr in g e n s  i t  seem s th a t  th e  nem atodes
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w ere o b ta in in g - them from t h i s  m ic r o h a b ita t .  The L e u c o th r ix - l i l< e  f i la m e n ts  

and th e  f l a g e l l a t e s  w hich  w ere seen  in  th e  g u t  co u ld  a l s o  h ave been  

o b ta in e d  in  t h i s  m ic r o h a b ita t .  I t  seem s u n l ik e ly  th a t  a nem atode co u ld  

fe e d  on su ch  organ ism s from th e  decom posing t i s s u e  w ith o u t a l s o  in g e s t in g  

la r g e  numbers o f  ro d -sh a p ed  b a c t e r ia  and c o n s id e r a b le  amounts o f  L am inaria  

c e l l  c o n te n t s  and o rg a n ic  m a tter  d e r iv e d  from th e  L am inaria  t i s s u e .  The 

Licm ophora s p .  w hich  was abundant on the i n t a c t  frond  s u r fa c e  a t  a l l  tim es  

o f  y e a r  was n e v e r  see n  in  th e  g u t  o f  M. r e f r in g e n s . L e u c o th r ix , sm a ll  

d ia tom s and f l a g e l l a t e s  w ere p r e s e n t  in  s m a lle r  q u a n t i t i e s  in  th e  decom posing  

t i s s u e  th ro u g h o u t th e  y e a r .

C. n u d ic a p ita ta  rea ch ed  i t s  maximum r e l a t i v e  abundance in  J u ly  1979  

and i t s  maximum a b s o lu te  abundance on th e  frond  s u r f a c e  in  Septem ber and 

November 1979 . On t h e  fron d  t i p  'in  J u ly  dead e c to c a r p o id  f i la m e n t s  w ere  

p r e s e n t  and sm a ll  amounts o f  th e  m u c ila g e  m a te r ia l  rem ained around t h e i r  

b a s e s .  The s i t u a t i o n  in  Septem ber was d e s c r ib e d  a b o v e , in  th e  s e c t i o n  on  

M. r e f r in g e n s . L ik e  m ost ch ro m a d o r id s , C. n u d ic a p ita ta  has a b u c c a l c a v i t y  

w ith  th r e e  sm a ll  t e e t h  and a s e t  o f  c u t i c u la r  pads ( s e e ,  fo r  exam p le  

D e u ts c h , 1 9 7 8 ) . P r e v io u s  o b s e r v a t io n s  have s u g g e s te d  th a t  t h e s e  a r e  u sed  

t o  b reak  open or  p ie r c e  a lg a l  c e l l s  from  w hich  th e  c o n te n t s  are th e n  

su ck ed  ( s e e  d i s c u s s io n  b e lo w ) . The a b sen ce  o f  c e l l  w a l l s  and d ia to m  

f r u s t u l e s  from th e g u t  d e s p i t e  th e  r e g u la r  o cc u r ren ce  o f  p la n t  m a te r ia l  

p r o v id e s  fu r t h e r  e v id e n c e  th a t  t h i s  i s  th e  method o f  f e e d in g ,  and a l s o  

makes i t  d i f f i c u l t  to  i d e n t i f y  p r e c i s e l y  w hich  fo o d s w ere b e in g  ta k e n .

One o b v io u s  p o t e n t ia l  fo o d  i s  d ia to m s , b o th  th o s e  a s s o c ia t e d  w ith  decom pos

i n g  t i s s u e  and bryozoan  z o o id s  ( s e e  s e c t i o n s  3 .1 0 .  and 3 . 9 . )  and th e  

L icm ophora which grew on th e  i n t a c t  fro n d  s u r f a c e s .  One i n t a c t  N a v ic u la

f r u s t u l e  was found in  th e g u t .  O th er p o s s ib l e  so u r c e s  o f  th e  p la n t  m a te r ia l  

se e n  in  th e  g u t  w ere e p ip h y t ic  e c to c a r p o id  f i la m e n t s ,  w h ich  w ere p r e s e n t  

a t  l e a s t  in  an  e a r ly  s ta g e  o f  grow th fo r  m ost o f  the y e a r  ( s e e  s e c t io n  3 . 6 . ) ,  

and th e  L a m in ar ia  t i s s u e  i t s e l f .  I t  seem s u n l ik e ly  t h a t ,  e v e n  w ith  i t s
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t e e t h ,  C. n u d ic a p ita ta  c o u ld  fe e d  d ir e c t l y  on an i n t a c t  L am in aria  s u r fa c e ,  

b u t food  m ig h t be o b ta in e d  from  th e broken  s u r fa c e s  o f  decom posin g  r e g io n s .  

The few f l a g e l l a t e s  a p p a r e n tly  p r e s e n t  in  the g u t a re  m ost l i k e l y  to  have  

come from d ecom p osin g  r e g io n s .

The th r e e  s m a l le r  s p e c ie s  on th e L. s a c c h a r in a  fro n d s ap p eared  to
times

b r e e d  c o n t in u o u s ly .  M ost o f  t h e  s t u d ie s  o f  g e n e r a t io n  . in  sm a ll

m o n h y ster id s  and chrom adorids h ave b een  c a r r ie d  o u t  a t  h ig h e r  tem p era tu res  

th a n  a re  r e le v a n t  to  th e  p r e s e n t  s tu d y . For ex a m p le , T ie t j e n  (1 9 6 7 ) found  

a g e n e r a t io n  tim e  o f  2 4 -3 5  days fo r  M onhvstera f i l i c a u d a t a  grow in g  a t  

2 0 -2 5 ° C , and T ie t j e n  and L ee (1 9 7 3 ) a g e n e r a t io n  t im e  o f  22 day 3  fo r  

Chromadora m a cro la im o id es  a t  25°C . One stu d y  a t  a r e le v a n t  te m p era tu re  

show ed M. d is j u n c t a  l i v i n g  on se a w a te r  a gar  to  h ave a g e n e r a t io n  tim e  o f  

17 d a y s  a t  9 -12°C  and 22 days a t  7°C (G er la ch  and S ch ra g e , 1 9 7 1 ) . The 

s e x  r a t io  in  C . n u d ic a p ita ta  ( l i k e  th a t  in  T. a c e r )  was c l o s e  to  1 :1 ;  t h i s  

s u g g e s t s  th a t  r e p r o d u c t io n  was b is e x u a l  and a m p h im ic tic . In  th e  two 

M onhystera  s p e c i e s ,  on th e  o th e r  hand, fe m a le s  g r e a t ly  outnum bered m a le s . 

V a r io u s  ty p e s  o f  h erm aph rod itism  and p a r th e n o g e n e s is  a r e  known among 

f r e e - l i v i n g  nem atodes ( s e e  d is c u s s io n  in  N ic h o la s ,  1 9 7 5 ) ,  and i t  seem s a t  

l e a s t  p o s s ib l e  th a t  in  th e s e  M onhystera s p e c ie s  r e p r o d u c t io n  i s  

h e r m a p h r o d it ic , u s u a l ly  a u to m ic t ic ,  w ith  o c c a s io n a l  am p h im ix is . Such a 

b r e e d in g  p a t te r n  m igh t c o n c e iv a b ly  le a d  to  a h ig h e r  r e p r o d u c t iv e  r a t e .

M ost members o f  t h e  fa m ily  M on h y ster id a e  ( sen su  L o ren zen , 1978) 

have e i t h e r  no t e e t h  o r  v er y  sm a ll t e e th  in  th e  b u cca l c a v i t y  and i t  seem s 

th a t  th e  fo o d  m ust th e r e fo r e  be in g e s te d  w h o le . T h is was co n firm ed  by 

D eu tsch  (1 9 7 8 )  who compared th e  in g e s t io n  o f  fo o d s  in  D ip lo la im e l la  s p .  

(M o n h y ster id a e ) w ith  th a t  i n  Chrom adorina germ anica  B u t s c h l i  (C h rom ad orid ae), 

a s p e c ie s  w ith  t e e t h  s im i la r  t o  th o se  o f  Chromadora n u d ic a p i t a t a . One 

would th en  e x p e c t  th a t  th e  maximum s i z e  o f  fo o d  p a r t i c l e s  in g e s t e d  by a 

m o n h y ster id  would be l im it e d  by th e  s i z e  o f  th e  b u cca l c a v i t y  o r  o eso p h a g u s. 

The o b s e r v a t io n s  on th e  two M onhystera sp p . su p p o rt t h i s  h y p o th e s is ;

M. r e f r in g e n s  has th e  la r g e r  b u cca l c a v i t y ,  and la r g e r  o b j e c t s  w ere see n
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in  i t s  g u t .  T. a c e r , on th e  o th e r  hand, h as a much la r g e r  b u c c a l c a v i t y  

than  d o es  ?.I. r e fr in g e n s  and y e t  n o th in g  la r g e r  than a f l a g e l l a t e  was ev e r  

se e n  i n  th e  g u t ,  so  th e r e la t io n s h ip  betw een  b u c c a l c a v i t y  s i z e  and 

maximum fo o d  s i z e  in  t h i s  fa m ily  i s  n o t s im p le .  The fo o d s  s e e n  in  th e  g u ts  

o f  t h e s e  th r e e  s p e c ie s  a re  s im i la r  to  th o s e  on w hich  m o n h y ster id s  have  

p r e v io u s ly  b een  o b serv ed  t o  f e e d .  T ie t j e n  (1 9 6 7 ) o b serv ed  M. f i l i c a u d a t a  

A llg e n  f e e d in g  in  the la b o r a to r y  on " d e t r i t u s " , b a c t e r ia  and d i n o f l a g e l l a t e s .  

J e n n in g s  and D eu tsch  (1 9 7 5 ) d em on stra ted  th e  p r e se n c e  i n  th e  g u t  o f  

II. d e n t i c u la t a  o f  th e  enzyme p -g lu c u r o n id a s e , w h ich  ca n  a t ta c k  im p ortan t  

com ponents o f  b a c t e r ia l  and a l g a l  c e l l  w a l l s ;  t h i s  enzyme was a b se n t from  

th e  g u t o f  C . germ an ica . D eu tsch  (1 9 7 8 ) found th a t  D ip lo la im e l la  s p .  

would in g e s t  b a c t e r ia  and sm a ll c h lo r o p h y t e s .

There i s  s im i la r  e v id e n c e  t h a t  chrom adoroids fe e d  m ain ly  in  th e  way 

m en tion ed  above in  th e s e c t io n  on C . n u d ic a p ita ta . The co m b in a tio n  o f  

pads and t e e t h  seem s w e l l  adapted  fo r  t h i s  mode o f  f e e d in g  (D e u ts c h , 1 9 7 8 ) ,  

a lth o u g h  an a l t e r n a t i v e  fu n c t io n ,  t h a t  o f  s o r t in g  mucus th r e a d s , was 

s u g g e s te d  fo r  th e  s im i la r  m ou th p arts o f  s e d im e n t - l iv in g  ch rom adoroid s by 

Riemann and S ch ra g e  ( 1 9 7 8 ) .  D eu tsch  (1 9 7 8 ) found th a t  C. germ anica  d id  

n o t in g e s t  th e  c e l l  w a l l s  o f  th e d ia tom s and la r g e  c h lo r o p h y te s  on w h ich  

i t  f e d  in  th e  la b o r a to r y ,  T ie t j e n  and L ee (1 9 7 3 ) o b serv e d  th a t  when 

Chromadora m a cro la im o id es S te in e r  fe d  on la r g e  d ia tom s th e c e l l  w a l l s  w ere  

n o t found in  th e  g u t b u t, t h a t  d iatom s o f  le n g th  1 0 - 2 0 pn w ere fr e q u e n t ly  

in g e s t e d  w h o le . The L icm ophora s p . w hich  was common on th e  fro n d s was in  

t h i s  s i z e  ra n g e  b ut o n ly  on e i n t a c t  d iatom  f r u s t u le  ( a  N a v ic u la ) was se e n  

in  a C. n u d ic a p ita ta  g u t .  J e n n in g s  and D eu tsch  (1 9 7 5 ) found no 

p -g lu c u r o n id a s e  in  th e g u t o f  C„ g erm a n ica , though t h i s  d o es  n o t  n e c e s s a r i ly  

mean th a t  a n o th e r  enzyme w ith  s im i la r  p r o p e r t ie s  was n o t  p r e s e n t .

V ieser  (1 9 5 3 ) d iv id e d  th e f r e e - l i v i n g  m arine nem atodes in t o  fo u r  

groups ( s e l e c t i v e  d e p o s it  f e e d e r s ,  u n s e le c t i v e  d e p o s i t  f e e d e r s ,  e p i s t r a t e  

f e e d e r s  and p r e d a to r s /o m n iv o r e s )  on the b a s is  o f  b u c c a l c a v i t y  m orphology  

w hich  h e compared w ith  th e  l im i t e d  in fo r m a tio n  th en  a v a i la b le  on the g u t
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c o n t e n t s  and f e e d in g  h a b it s  o f  nem atodes o f  d i f f e r e n t  taxonom ic g ro u p s .

T h is  was v a lu a b le  as a p r e lim in a r y  s tu d y , b ut th e  u s e  o f  o n ly  fo u r  g ro u p s, 

ev en  i f  th e  f e e d in g  h a b it s  a s s ig n e d  t o  t h e s e  a r e  b a s i c a l ly  c o r r e c t ,  i s  

bound to  ig n o r e  a l o t  o f  v a r ia t io n  and s p e c i a l i z a t i o n  w ith in  ea c h  group .

T here has b een  a ten d en cy  in  su b seq u en t e c o lo g i c a l  s t u d ie s  m ere ly  to  

a s s ig n  s p e c i e s  t o  W ie se r 's  c a t e g o r i e s ,  p ro d u c in g  r a th e r  u n h e lp fu l  

g e n e r a l i z a t io n s  su ch  as " u n s e le c t iv e  d e p o s i t  f e e d e r s  a r e  more abundant in

f i n e r  se d im e n ts" . More d e t a i l e d  o b s e r v a t io n s  o f  m ic r o h a b ita ts  and o f  gu t

c o n t e n t s ,  fu r t h e r  s t u d ie s  o f  g u t  u l t r a s t r u c t u r e  and d i g e s t i v e  p h y s io lo g y  

( e . g .  D e u tsc h , 1978) and fu r th e r  e x p e r im e n ta l s t u d ie s  ( e . g .  T ie t j e n  and 

L ee 1973 , 1 9 7 7 , and s e e  a l s o  C h ap ter 5) a re  n eed ed .

With th e  p o s s ib l e  e x c e p t io n  o f  C . n u d ic a p ita ta  w hich  m ight h a v e

in g e s t e d  o n ly  c e l l  c o n t e n t s ,  none o f  t h e  nem atodes found on t h e  L . s a c c h a r in a  

fr o n d s  c o u ld  h ave had a n y th in g  a p p ro a ch in g  a m o n o sp e c if ic  d i e t .  The s c a l e  

o f  fo o d  p a tc h in e s s  i s  v ery  sm a ll ( s e e  d i s c u s s io n  b e lo w ) ,  m ost d ia to m s have  

b a c t e r ia  on t h e i r  s u r f a c e s ,  m ost e p ip h y te s  a re  surrounded  by L a m in a r ia  

m u c ila g e , and d is s o lv e d  o r g a n ic  m a tter  i s  presum ably p r e s e n t  in  th e  

decom posin g  a r e a s .  T h is  means th a t  s t u d ie s  in  w hich  a  nem atode i s  c u l tu r e d  

m o n o x e n ic a lly  w ith  each  o f  a  s e r i e s  o f  fo o d  o rg a n ism s, and grow th  o r  

r e p r o d u c t iv e  r a t e s  a c h ie v e d  on each  fo o d  organism  com pared, may h ave l i t t l e  

e c o l o g i c a l  r e le v a n c e  ( s e e  e . g .  L ee e t  a l  1976; T ie t j e n  je t a l  1 9 7 0 ) .

A nother s o u r c e  o f  c o n fu s io n  i s  th e  way in  w hich  W ieser (1 9 5 9 a , 1959b) 

and, f o l lo w in g  h im , O tt  (1 9 6 7 ) u s e  th e  term "sed im ent"  to  mean " a l l  l o o s e  

o r g a n ic  and in o r g a n ic  m a tte r  d e p o s ite d  on a lg a e"  (O tt  1 9 6 7 ) . T h is  u s e  

can  e a s i l y  o b sc u r e  m ajor d i f f e r e n c e s  su ch  as th o s e  betw een  th e  m a te r ia l  

found in  L a m in a r ia  h o ld f a s t s ,  w h ich  d o es c o n ta in  a la r g e  p r o p o r t io n  o f  

in o r g a n ic  p a r t i c l e s ,  and t h e  m a te r ia l accu m u la ted  around e c to c a r p o id  f i la m e n t s  

in  t h i s  s tu d y , w hich  c o n s i s t e d  m ain ly  o f  m u c ila g e , d iatom s and b a c t e r ia .

I t  would seem  p r e f e r a b le  t o  r e s e r v e  th e  term  "sedim ent"  fo r  m a t e r ia l  on 

th e  s e a  bed and t o  g iv e  a c a r e f u l  d e s c r ip t io n  a t  th e  m ic r o s c o p ic  l e v e l  o f



-  91 -

any m a te r ia l  a s s o c ia t e d  w ith  a lg a e .

The d is c u s s io n  above showed th a t  c o n s id e r a t io n  o f  th e  s p a t i a l  and 

tem p ora l d i s t r i b u t i o n  o f  th e  d i f f e r e n t  s p e c ie s  on th e  frond  ca n  p r o v id e  

some in d ic a t io n  o f  th e  n ic h e  o f  ea ch  s p e c i e s .  M ost o f  th e  f r o n d -s u r fa c e  

e p ip h y te s  rea ch ed  t h e i r  maximum abundance a t  th e  fr o n d  t i p ,  and th e  

d ecom p osin g  t i s s u e  was a l s o  c o n c e n tr a te d  in  t h i s  r e g io n .  I t  w ould  th e r e fo r e  

be e x p e c te d  th a t  i f  nem atode d e n s ity  was fo r  any r e a so n  c o r r e la t e d  w ith  

th e  d e n s it y  o f  any o f  th e s e  e p ip h y t e s ,  i t  w ould  a l s o  r e a ch  a maximum a t  

th e  fron d  t i p .  The re a so n  fo r  th e  co m p le te  a b sen ce  o f  nem atodes from  th e  

r e s t  o f  th e  fr o n d , d e s p i t e  th e  p r e s e n c e  o f  e p ip h y te s  ev en  i f  in  lo w e r  

num bers, i s  how ever n o t  c l e a r .  P o s s ib ly  a minimum d e n s it y  o f  e p ip h y te s  i s  

n e c e s s a r y  fo r  nem atode lo c o m o tio n ; p o s s ib ly  in h ib i t o r y  su b s ta n c e s  d e t e r  

nem atodes from l i v i n g  on th e  you n ger  p a r ts  o f  th e  fr o n d . I t  may be th a t  

nem atodes are p h y s i c a l ly  c a p a b le  o f  l i v i n g  on more o f  th e  frond  b u t th a t  

th e y  have e v o lv e d  a b e h a v io u r a l m echanism  to  k eep  them a t  th e  fron d  t ip  

w here food  i s  m ost abundant. T h is  c o u ld  be a r e s p o n s e  t o  ch em ic a l f a c t o r s ,  

s im i la r  t o  th a t  w h ich  r e s u l t s  in  s e l e c t i o n  o f  p a r t i c u la r  s p e c ie s  o f  a lg a e  

by c e r t a in  h a r p a c t ic o id  cop ep od s (H ic k s ,  1 9 7 7 ) . I f  th e  p o p u la t io n  d e n s i t y  

on th e  t i p  had rea ch ed  a h ig h e r  l e v e l ,  some in d iv id u a l s  m ight have moved 

o n to  th e  younger p a r t s  o f  th e  fro n d .

W ith in  th e  t i p  r e g io n  o f  one p la n t  th e r e  was l i t t l e  v a r ia t io n  b etw een  

r e p l i c a t e  d is c s  in  e i t h e r  th e a b s o lu te  number o f  nem atodes o r  in  th e  

r e l a t i v e  abundance o f  th e  d i f f e r e n t  s p e c i e s .  The d i s c s  w ere r e l a t i v e l y  

la r g e  (4 .2 cm  d ia m eter ) and th e  q u e s t io n  a r i s e s  w h eth er p a tc h in e s s  in  th e  

d i s t r i b u t i o n  o f  e p ip h y te s  g iv e s  r i s e  to  p a tc h in e s s  in  th e  d i s t r i b u t i o n  o f  

nem atodes a t  a s m a lle r  s c a l e .  L ee ejt a l  (1 9 7 7 ) showed t h a t  p r e se n te d  w ith  

la r g e  p a tc h e s  o f  p a r t i c u la r  m icro o rg a n ism s, e i t h e r  in  th e  la b o r a to r y  o r  in  

th e  f i e l d ,  m e io fa u n a l a n im a ls would p r e f e r e n t ia l l y  c o lo n iz e  p a tc h e s  o f  

c e r t a in  s p e c i e s .  M eyers and Hopper (1 9 6 6 ) found th a t  m y c e l ia l  mats o f  

two m arin e fu n g i p la c e d  w ith in  a s e a g r a s s  bed a t t r a c t e d  la r g e  numbers o f  

g ra v id  fe m a le  M etoncholaim us s c i s s u s  W ieser  and H opper. M eyers e t  a l  (1 9 7 0 )
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a l s o  found th a t  th e  d i s t r i b u t i o n  o f  t h i s  s p e c i e s  w ith in  th e  sed im en ts  o f  

th e  s e a g r a s s  bed was c o r r e la t e d  w ith  th e  p r e se n c e  o f  m ats o f  th e  d iatom  

P leu ro s ig m a  b a l t i c a . In  b o th  th e s e  c a s e s  th e  p a tc h e s  o f  th e  m icroorgan ism s  

w ere l a r g e .  On b oth  th e  i n t a c t  s u r fa c e s  and th e  d ecom posin g  t i s s u e  o f  a  

L . s a c c h a r in a  fr o n d , some e p ip h y te s  a re  d is t r ib u t e d  in  p a t c h e s .  A " s ta n d ” 

o f  t h e  d ia tom  L icm ophora. f o r  exam ple, i s  about 0.2mm in  d ia m e te r , ( s e e  

s e c t io n  3 . 5 . ) ,  w h ile  th e  d ia m ete r  o f  a you ng  clum p o f  em ergen t e c to c a r p o id  

f i la m e n ts  i s  about 50pm ( s e e  s e c t io n  3 . 6 . ) .  T h is  com pares w i t h  a body 

s i z e  o f  «/»lmm fo r  th e  th r e e  s m a lle r  nem atode s p e c i e s ,  and a maximum r a t e  

o f  movement w h ich  i s  p ro b a b ly  o f  th e  same o rd er  o f  th o se  reco rd ed  by Gray 

and L issm an (1 9 6 4 ) fo r  a  R h a b d it is  s p . g l i d i n g  betw een s t a r c h  g r a in s  and 

fo r  o th e r  s p e c i e s  swimming, i . e .  200-500pm  s * . A c i l i a t e  o f  body le n g th  

70pm m igh t move a t  a sp eed  o f  ** 200pm s  * , and a f l a g e l l a t e  o f  body le n g th  

10pm a t  ** 20-50pm  s * (A le x a n d e r , 1979; p e r s o n a l o b s e r v a t io n s ) .  I t  m ight 

w e ll  be th a t  th e  s c a l e  o f  e p ip h y te  p a tc h in e s s  w ould  be la r g e  enough to  

produce a h e te ro g en eo u s  s p a t i a l  d i s t r i b u t i o n  o f ,  f o r  exam p le, f l a g e l l a t e s  

b u t to o  sm a ll t o  do so  f o r  n em atod es. The body s i z e  o f  th e  t h r e e  s m a lle r  

nem atode s p e c ie s  may a llo w  them to  move a l l  o v er  th e  fron d  t i p ,  b o th  in  

th e  decom posin g  a r e a s ,  w here th e y  burrow th rou gh  th e  L am inaria  t i s s u e ,  and 

on th e  s u r f a c e s ,  w here e p ip h y te s  p erm it lo c o m o t io n . Each s p e c i e s  c o u ld  

th e n  consum e i t s  own p a r t ic u la r  fo o d s  w h erever i t  en co u n tered  them . 

M ic r o s c o p ic a l o b s e r v a t io n s  o f  nem atodes m oving around on a p ie c e  o f  fro n d  

in  th e  la b o r a to r y  m igh t p r o v id e  u s e f u l  in fo r m a tio n  on th e s e  b e h a v io u r a l  

a s p e c t s .

S im ila r  c o n s id e r a t io n  o f  s c a l e  ap p ly  to  th e  tem poral a s p e c t s  o f  

d i s t r i b u t i o n .  No s p e c i e s  c o n s i s t e n t l y  formed a h ig h e r  p r o p o r t io n  o f  th e  

nem atodes in  th e  decom posing t i s s u e  th an  on th e  fro n d  s u r fa c e .  In  c o n t r a s t  

to  t h i s ,  th e  decom posin g  t i s s u e  d o es have d i s t i n c t  f l a g e l l a t e  and c i l i a t e  

fa u n a s . No s e c t i o n  o f  L a m in ar ia  t i s s u e  w i l l  rem ain  in  th e  decom posin g  

s t a t e  f o r  more than  a few  d ays b e fo r e  i t  i s  decom posed c o m p le te ly  o r  l o s t  

from t h e  frond  ( s e e  s e c t i o n  2 . 2 . ) .  Z o o f l a g e l l a t e s  o f  t h e  ty p e  o b serv ed
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in  t h i s  t i s s u e  m ight have a g e n e r a tio n  tim e  o f  2 0 -25h  ( e s t im a te d  from  

d a ta  in  F en ch e l and H a r r iso n , 1 9 7 S ); c i l i a t e s  such as E u p lo te s  can  

rep rod u ce a s e x u a l ly  ev e ry  30h a t  10°C (F e n c h e l ,  1 0 6 8 a ). The p o p u la t io n s  

o f  th e s e  p r o to z o a  p rob ab ly  a c h ie v e  a r e p r o d u c t iv e  r a te  h ig h  enough to  

o f f s e t  l o s s e s  ca u sed  by th e  l o s s  o f  d eco m p o sin g  t i s s u e  from t h e  fron d .

T h e ir  a s e x u a l r e p r o d u c tio n  a l s o  means th a t  a l l  s ta g e s  i n  th e  l i f e  c y c le  

a re  m o t i le  and c o u ld  have e v o lv e d  b e h a v io u r a l m echanisms f o r  rem a in in g  on 

th e  fr o n d . In  M. d i s j u n c t a , G erlach  and S ch ra g e  (1 9 7 1 ) found th a t  w ith  a 

g e n e r a t io n  t im e  o f  22 d a y s a t  7°C , d ev e lo p m en t o f  th e  eg g s to o k  5 d a y s .

I t  i s  u n l i k e l y  th a t  such  an an im al c o u ld  becom e a s p e c i a l i z e d  in h a b ita n t  

o f  d ecom p osin g  t i s s u e  b e c a u se  ( i )  even  i f  r e p r o d u c t io n  i s  u s u a l ly  hermaph

r o d i t i c  o r  p a r th e n o g e n e t ic  ( s e e  d is c u s s io n  a b o v e ), th e  g e n e r a t io n  tim e  

w ould be to o  lo n g  to  p rod u ce  a r e p r o d u c t iv e  r a t e  h ig h  enough t o  o f f s e t  

i n e v i t a b le  l o s s e s ,  and ( i i )  th e r e  i s  a lo n g  n o n -m o tile  s t a g e  i n  w hich  no 

b e h a v io u r a l a d a p ta tio n s  fo r  rem a in in g  on th e  fro n d  c o u ld  e v o lv e .

A nother m a tte r  w hich  in v o lv e s  c o n s id e r a t io n s  o f  tem poral s c a l e  i s  th e  

form o f  th e  r e s p o n s e  shown by a nem atode p o p u la t io n  t o  ch an ges i n  th e ■ 

abundance o f  a n  e p ip h y te  on w h ich  i t  i s  d ep en d en t. No change in  nem atode 

numbers w i l l  be produced  i f  o th e r  f a c t o r s  keep th e  p o p u la t io n  b elow  th e  

l e v e l  a t  w h ich  any l i m i t i n g  e f f e c t  o f  e p ip h y te  abundance w ould  b e g in  to  a c t  

I f  th e  p o p u la t io n  d e n s it y  was h ig h  enough, e p ip h y te  abundance c o u ld  l i m i t  

th e  p o p u la t io n  s i z e  in  a d e n s ity -d e p e n d e n t  f a s h io n ,  so  th a t  an in c r e a s e  in  

th e  abundance o f  th e  e p ip h y te  w ould r a i s e ,  and a  d e c r e a se  lo v /e r , th e  

c a r r y in g  c a p a c i t y  o f  the h a b i t a t  f o r  th a t  p a r t i c u la r  nem atode s p e c i e s .  The 

nem atode p o p u la t io n  c o u ld  resp on d  to  su ch  a change by a ch a n g e i n  th e  r a t e  

o f  im m ig ra tio n  o r  e m ig r a t io n , r e p r o d u c t io n  or m o r t a l i t y .  I f  th e  nem atode 

was d ep en d en t on th e e p ip h y te  fo r  fo o d , an in c r e a s e d  number o f  nem atodes 

co u ld  th en  c a u s e  a d e c r e a s e  in  the numbers o f  th e e p ip h y te ,  and in  th e  

ab sen ce  o f  o th e r  f a c t o r s  c o n t r o l l i n g  e p ip h y te  abundance some form  o f  

p r e d a to r -p r e y  o s c i l l a t i o n s  m ight d e v e lo p . O ther f a c t o r s  c o n t r o l l i n g  th e
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e p ip h y te  p o p u la t io n , p a r t i c u l a r l y  p h y s ic a l  en v iro n m en ta l f a c t o r s ,  are  

however l i k e l y  to  be p r e s e n t .  The ch an ge in  nematode numbers w hich  i s  

o b serv ed  w i l l  th u s depend on th e  n a tu re  o f  th e  d ep en d en ce o f  th e  nematode 

on th e  e p ip h y te ,  and i f  f e e d in g  i s  in v o lv e d ,  on the e x t e n t  to  w hich  th e  

e p ip h y te  p o p u la t io n  i s  redu ced  by g r a z in g , a l s o  on th e  d u r a t io n  o f  th e  

"bloom" o f  th e  e p ip h y te , w h ich  w i l l  a t  l e a s t  in  p a r t be d e term in ed  by th e  

p h y s ic a l  en v iro n m en t, and f i n a l l y  on th e t im e - s c a le  o f  th e  r e s p o n s e  o f  th e  

nem atode p o p u la t io n . T h is l a s t  w i l l  depend on w h eth er th e means o f  r e s p o n s e  ' 

i s  im m ig r a t io n /e m ig r a t io n  o r  r e p r o d u c t io n /m o r t a l it y ,  and, i f  r e p r o d u c t io n  

i s  in v o lv e d ,  on th e  r e p r o d u c t iv e  r a t e .

T. a c e r  was c l e a r l y  d ep en d en t on th e  e c to c a r p o id  f i la m e n t s  f o r  the  

p o s s i b i l i t y  o f  lo c o m o tio n . I t  i s  u n c e r ta in  w h eth er , i f  i t  had b een  a b le  to  

rem ain  on th e  fr o n d s  in  th e  a b sen ce  o f  the f i la m e n t s ,  t h i s  s p e c i e s  would  

h ave found fo o d  a t  o th e r  tim e s  o f  y e a r ;  th e  m u c ila g e  and ro d -sh a p ed  

b a c te r ia  on th e  frond  s u r fa c e  m igh t have been s u i t a b l e .  The p e r io d  d u r in g  

w hich  e lo n g a te d  e c to c a r p o id  f i la m e n t s  were p r e s e n t  l a s t e d  fo r  ab out fo u r  

m onths. The i n i t i a l  r e sp o n se  o f  th e  nem atode p o p u la t io n  was o f  n e c e s s i t y  

by im m ig ra tio n ; and tak en  o v e r a l l ,  im m igration  was th e  m ajor means o f  

r e s p o n s e , c o n t in u in g  fo r  two months b e fo r e  j u v e n i l e s  w ere p ro d u ced .

In  th e  c a s e s  o f  th e  o th e r  th r e e  s p e c i e s  th e r e  was no such  o b v io u s  

c o r r e l a t i o n  w ith  a p a r t i c u la r  e p ip h y te ,  and th e s e a s o n a l  f lu c t u a t io n s  

in  numbers were much s m a l le r  than f o r  T. a c e r . As s u g g e s te d  a b o v e , i t  

seem s l i k e l y  th a t  many o f  the e p ip h y te s  found on th e  fro n d  a re  o f  su ch  a 

s i z e  a s  to  p erm it lo c o m o tio n  o f  th e  th r e e  sm a lle r  s p e c i e s .  I t  t h e r e f o r e  

seem s u n l ik e ly  t h a t  f l u c t u a t io n s  in  th e  abundance o f  any one e p ip h y te  w i l l  

s i g n i f i c a n t l y  a l t e r  th e c a r r y in g  c a p a c ity  o f  th e  fron d  fo r  any o f  th e s e  

s p e c ie s  th rou gh  an e f f e c t  on t h e i r  lo c o m o t io n . Any l i m i t i n g  e f f e c t  o f  th e  

abundance o f  a p a r t ic u la r  e p ip h y te  on th e  abundance o f  one o f  t h e s e  s p e c ie s  

i s  l i k e l y  to  o cc u r  b eca u se  th e  nem atode fe e d s  on th e  e p ip h y te ,  and th e  

mechanism o f  l i m i t a t i o n  i s  l i k e l y  to  be d e p r e s s io n  o f  th e  r e p r o d u c t iv e
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r a t e  ( l i m i t a t i o n  through  an e f f e c t  on lo c o m o tio n  would be more l i k e l y  

t o  a c t  by f o r c i n g  th e  e m ig r a t io n  o f  su r p lu s  i n d i v i d u a l s ) .  The n em atode's  

r e sp o n se  to  an in c r e a s e  i n  th e abundance o f  th e  e p ip h y te  i s  th u s  l i k e l y  

to  b e p r i n c i p a l l y  an a c c e le r a t io n  o f  r e p r o d u c t io n . T here i s  no e v id en ce  

f o r  im m ig ra tio n  by any o f  th e s e  s p e c i e s ,  though  i t  ca n n o t be r u le d  o u t ,  

p a r t i c u l a r l y  in  th e  c a s e  o f  C . n u d ic a p i t a t a . w h ich  i s  known t o  l i v e  on a 

w id e v a r i e t y  o f  a lg a e .  The d u r a t io n  o f  bloom s o f  th o s e  e p ip h y te s  w hich  

do show s e a s o n a l  f lu c t u a t io n s  L̂ e u c o th r ix . th e  amount o f  d eco m p o sin g  t i s s u e  

(w h ich  can be c o n s id e r e d  a s  an e p ip h y te  f o r  th e  p u rp o ses o f  t h i s  d i s c u s s io n ) ,  

M em braniporaj  i s  o f  th e  o rd er  o f  two m onths. There have been  no ex p er im en ta l  

s t u d ie s  o f  th e  re sp o n se  t im e s  o f  nem atode p o p u la t io n s  to  ch a n g es  in  t h e ir  

fo o d  s u p p ly , b u t i t  seems l i k e l y  th a t  an in c r e a s e  in  th e  fo o d  su p p ly  would  

red u ce  th e  tim e tak en  to  r e a c h  m a tu r ity , or  in c r e a s e  th e  r a t e  o f  eg g  

p r o d u c tio n  by m ature i n d iv id u a l s .  In  t h i s  c a s e  a  r e sp o n se  m ig h t be 

n o t ic e a b le  w i t h in  perhaps on e month. I f  an in c r e a s e  in  th e  abundance o f  

an e p ip h y te  was s e e n  in  one b im on th ly  sam p le , any in c r e a s e  in  th e  abundance  

o f  a  nem atode dep en dent on i t  w ould th e r e fo r e  appear in  th e same b im onth ly  

sa m p le , or  in  th e  f o l lo w in g  o n e . I t  was th u s r e a s o n a b le  t o  a t te m p t  to  

i d e n t i f y  r e la t io n s h ip s  b etw een  p a r t i c u la r  nem atode and e p ip h y te  s p e c ie s  

by com p arin g  abundances w ith in  th e  same b im o n th ly  sa m p le . None o f  th e  

e p ip h y te s  on which th e  s m a lle r  nem atodes w ere dependent showed su ch  marked 

s e a s o n a l  f lu c t u a t io n s  in  abundance o r  s i z e  as d id  th e  e c to c a r p o id  f i la m e n t s ,  

and t h i s  c o u ld  p a r t ly  e x p la in  why th e  f lu c t u a t io n s  in  th e  numbers o f  t h e s e  

nem atodes w ere s m a lle r  than th o s e  o f  T. a c e r . A ls o , th e  d u r a tio n  o f  bloom s 

o f  t h e s e  e p ip h y te s  was o n ly  « / >2 m onths, and b eca u se  b r e e d in g  w as th e  

p r in c ip a l  means o f  r e s p o n s e ,  th e  nem atode p o p u la t io n s  may n ever  have  

rea ch ed  th e  h ig h e r  c a r r y in g  c a p a c ity  a t  th e  h e ig h t  o f  an  e p ip h y te  b loom .

An a l t e r n a t iv e  e x p la n a t io n  fo r  th e s e a s o n a l  f lu c t u a t io n s  in  th e  

numbers o f  t h e s e  th r e e  s p e c i e s  co u ld  b e  so u g h t in  t h e i r  r e s p o n s e s  to  

en v iro n m en ta l f a c t o r s  su ch  a s  w a ter  tem p era tu re  and day le n g th .  The e f f e c t s
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o f  th e se  could  e a s i ly  be t e s t e d  provided  th a t  the s p e c ie s  co u ld  be 

c u ltu r e d . Even i f  an e x p la n a tio n  in  term s o f  th ese  fa c to r s  was found, 

th e  q u e s tio n  would remain as to why th e  d i f f e r e n t  s p e c ie s  had evolved  

d i f f e r e n t  resp on ses to  them.

In g e n e r a l, sedim ent nematode faunas ( s e e ,  for  exam ple, T ie t je n  1969; 

'"arwick and Buchanan, 1970) are  more d iv e r se  than a lg a l nematode faunas 

( s e e  W ieser, 1951, 1959a; ’’/arw ick 1977), and among a lg a l  fau n as, those from 

h a b ita ts  where sedim ent ( s e e  comments on the u se  o f  th is  term) accum ulates, 

such as k e lp  h o ld fa s t s  (M oore, 1 971 ), are perhaps more d iv e r s e  than th o se  

from oth er a lg a l  h a b ita ts . A lg a l faunas a ls o  tend to  show g r e a te r  sea so n a l  

f lu c tu a t io n s  in  a b so lu te  numbers and in  r e la t iv e  sp e c ie s  abundance than do 

sedim ent fa u n a s , as can be seen  by com paring the p resen t study and th a t by 

'/arwick (1977) w ith  th o se  by ’.'/arwick and Buchanan (1 9 7 1 ), T ie t j e n  (1969) 

and Skoolmun and G erlach ( 1 9 7 1 ) .  A lga l nem atodes l i v e  in  a h a b ita t  w ith  

se a so n a lly  v a r ia b le  p h y s ic a l s tr u c tu r e  and are dependent on a se a so n a lly  

v a r ia b le  food su p p ly . The p h y s ic a l s tr u c tu r e  o f  a sedim ent h a b ita t  i s  much 

more s ta b le ,  and sedim ent nem atodes are p art o f  a d e tr itu s  food web in  

which the slow  turnover o f  o rgan ic  m atter to  a la r g e  e x te n t  damps down 

th e  e f f e c t  o f  sea so n a l f lu c t u a t io n s  in  i t s  in p u t . The g r e a te r  sea so n a l 

s t a b i l i t y  o f  sed im ent nematode faunas can be ex p la in ed  as a sh o r t-term  

consequence o f  g r e a te r  h a b ita t  s t a b i l i t y ;  th e  g r e a te r  d iv e r s i t y  may v /e ll  

be a consequence on an e v o lu tio n a r y  t im e -s c a le ,  th e  g rea ter  h a b ita t  

s t a b i l i t y  a llo w in g  s p e c ia l iz a t io n  on narrower n ic h e s , and hence the 

e v o lu t io n  o f  a g r e a te r  number o f  s p e c ie s .
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CHAPTER 5

EXPERIMENTS ON FEEDING IN MONHYSTERA DISJUNCTA

5 . 1 .  METHODS

5 . 1 . 1 .  I s o l a t i o n  and e x a m in a tio n  o f  b a c t e r ia

On 8 th  F ebruary 1978 one L . s a c c h a r in a  p la n t  was c o l l e c t e d  from  

th e  Wishing: W ell i n  th e  way d e s c r ib e d  i n  C h a p ter  3 .  About 6 g  c o n s i s t i n g  

m a in ly  o f  d eco m p o sin g  t i s s u e  was c u t  from th e  fr o n d  t i p  w ith  s t e r i l e  

s c i s s o r s .  T h is  was hom ogenized  ( 4  b u r s ts  o f  3 0 s  w ith  1 m in. c o o l i n g
3

tim e  betw een  b u r s t s )  in  40cm s t e r i l e  3.2% NaCl s o l u t io n ,  in  a bench

h om ogen izer (MSE, r e f .  7 7 0 0 A )# th e  b u lb  o f  w h ich  was surrounded  w ith  i c e .

—1 —2 —3 —4 -5
S e r i a l  d i l u t i o n s  (1 0  , 1 0  , 1 0  , 1 0  , 1 0  ) o f  th e  hom ogenate w ere

made, a g a in  u s in g  s t e r i l e  s a l i n e .  From each  d i l u t i o n  4 p la t e s  w ere

3p rep a red  by s p r e a d in g  0 .1cm  o v e r  th e  s u r fa c e  o f  a 9cm p la t e  o f  Z o b e l l ' s

2216  m arine a g a r  (D if c o  L a b o r a t o r ie s ) .  The p la t e s  w ere in c u b a te d  a t

o ***420 C f o r  4 d a y s . A f te r  t h i s  t im e  th e  p la t e s  from th e  10 d i l u t i o n

ea ch  had 100 w e l l  se p a r a te d  c o l o n i e s .  F iv e  c o lo n ie s  o f  o b v io u s ly

d i f f e r e n t  m orphology w ere p ic k e d  o f f  and p la t e d  o u t  s e p a r a t e ly  on m arine

a g a r . R ep eated  s u b c u ltu r e s  w ere made u n t i l  p u re  s t r a in s  had b een

o b ta in e d . S to ck  c u l t u r e s  w ere m a in ta in e d  on s lo p e s  o f  m arine a g a r , k e p t

i n  a  r e f r i g e r a t o r  and s u b c u ltu r e d  ev ery  3 m onths. T hese f i v e  s t r a in s

w ere named ML01, ML03, ML04, ML05 and ML07.

The c o lo n y  m orphology o f  each  s t r a i n  was d e s c r ib e d  from c u l t u r e s

grown on m arine agar f o r  1 week a t  2 0 °C . C e l l  s i z e  and sh ape w ere

d e s c r ib e d  from sm ears made from th e  same c u l t u r e s  and s ta in e d  w ith

m e th y le n e  b lu e  in  se a w a te r ;  no h e a t  f i x a t i o n  was u s e d . Gram s t a i n s

w ere perform ed  on o th e r  sm ears from th e  same c u l t u r e s .
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5 . 1 . 2 .  B roth  c u l t u r e s  o f  b a c t e r ia

(a )  U n la b e lle d  b a c t e r ia

3 350cm b r o th  c u l t u r e s  w ere  grown in  100cm c o n ic a l  f l a s k s  on a

om a g n etic  s t i r r e r  in  an in c u b a to r  a t  22 C. B e fo r e  a u to c la v in g  th e  m edia  

a m a g n etic  " f le a "  was p u t i n t o  each  f l a s k .  Two p r e c a u t io n s  w ere tak en  to  

a v o id  o v e r h e a t in g  o f  th e  c u l t u r e s :  co m p ressed  a i r  was p a s s e d  c o n t in u o u s ly  

o v er  th e  s t i r r e r  m otor, and a 2 cm th ic k  d i s c  o f  expanded p o ly s t y r e n e  

w ith  a d e p r e s s io n  t o  f i t  th e  b a se  o f  th e  f l a s k  c u t  in t o  i t  was p la c e d  

b etw een  th e  f l a s k  and th e  s t i r r e r .

S tr a in  ML01 was u sed  in  t e s t s  t o  f in d  a s u i t a b l e  l iq u id  medium. 

T hree m edia w h ich  proved  u n s u c c e s s fu l  w ere:

( i )  g lu c o s e  medium

g lu c o s e  0 .5 g

K-HPO 0 .0 0 5 g2 4
FePO„ t r a c e

s e a w a te r  7 5 c 3

3d i s t i l l e d  w a te r  t o  100cm . pH a d ju s te d  t o  7 . 0 - 8 .0

( i i )  g ly c e r o l  medium
3

As f o r  g lu c o s e  medium b u t w ith  g lu c o s e  r e p la c e d  by 0 .5cm  
g l y c e r o l .

( i i i )  g lu c o s e /a m in o -a c id  medium

As fo r  g lu c o s e  medium b u t w ith  th e  a d d it io n  o f  an a m in o -a c id  
m ix:

a la n in e  0 . 8 g
a s p a r t ic  a c id  0 .9 g  
g lu ta m ic  a c id  l .O g  
h i s t i d i n e  0 . 2 g
le u c in e  0 .0 5 g
l y s i n e  0 .4 5 g

m e th io n in e  0 .0 6 g
p h e n y la la n in e  0 .0 4 g  
p r o l in e  0 .0 4 g
tryp top h an  0 .0 5 g
t y r o s in e  0 .0 4 g
v a l in e  0 .0 5 g

3 3A l l  t h e s e  q u a n t i t i e s  p e r  50cm m ix w h ich  was th en  u sed  a t  5cm

p e r  100cm medium. The r e l a t i v e  p r o p o r t io n s  o f  th e  d i f f e r e n t  a m in o -a c id s

a re  b a sed  on th o s e  g iv e n  by Aaronson ( 1 9 7 0 ) .
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The o n ly  medium in  w h ich  ML01 grew was a p e p to n e -p h o sp h a te  b ro th :

B acto  P ep to n e  (D if c o )  0 .5 g

k 2 hpo 4

Fe3P04

aged sea w a ter

0 .0 0 5 g

t r a c e

d i s t i l l e d  w ater t o  1 0 0 cm pH a d ju s te d  t o  7 .0 - 8 .0

S tr a in s  ML03, ML04 and ML05 a l s o  grew s a t i s f a c t o r i l y  in  t h i s  medium.

No l i q u i d  medium was fou n d  in  w hich  s t r a i n  ML07 w ould  grow s a t i s f a c t o r i l y .

For th e  fe e d in g  e x p er im en ts  i t  was d e c id e d  to  h a r v e s t  th e  b a c t e r ia  

in  th e  e a r ly  p a r t  o f  th e  p la t e a u  p h ase o f  grow th , when th e  c e l l s  w ere no 

lo n g e r  a c t i v e l y  d iv id in g  b u t b e fo r e  th ey  had s t a r t e d  t o  d e g e n e r a te .  To 

d e te r m in e  th e  grow th tim e r e q u ir e d  t o  rea ch  t h i s  s t a g e ,  th e  grow th  o f  each  

s t r a in  i n  th e  p e p to n e -p h o sp h a te  b ro th  was fo l lo w e d  u s in g  b o th  haem ocytom eter  

c o u n t s ,  t o  g iv e  th e  " t o t a l  c o u n t" , and p l a t e  co u n ts  on m arine a g a r , to  g iv e  

th e  " v ia b le  c o u n t" . The grow th  c u r v e s  o f  th e  fo u r  s t r a in s  w ere v ery  

s im i la r ;  th a t  f o r  ML01 i s  shown in  F ig .  5 . 1 .  a s  an exam ple. H a r v e s t in g  

a f t e r  b etw een  16 and 20h w i l l  be s a t i s f a c t o r y ;  a f t e r  24h th e  v ia b le  co u n t  

began to  d ro p .

(b ) L a b e lle d  b a c te r ia

The amount o f  K2 HP04  in  th e  p e p to n e -p h o sp h a te  b ro th  was red u ced  to

32250mg (5% o f  th e  u s u a l  amount) and lmCi o f  c a r r i e r - f r e e  P -o r th o p h o sp h a te

in  d i l u t e  HC1 (R a d io ch em ic a l C e n tr e , Amersham, B u ck s .) was added t o  each  

350cm o f  medium in  i t s  f l a s k  b e fo r e  in o c u la t io n  w ith  th e  b a c t e r ia .  I t  ca n

32be c a l c u la t e d  from th e  r e s u l t s  p r e s e n te d  b elow  th a t  10-12% o f  th e  P was 

in c o r p o r a te d  i n t o  th e  b a c t e r ia ,  g i v i n g  an a c t i v i t y  o f  0 . 0 1  d p m /c e l l .

5 . 1 . 3 .  H a r v e s t in g  and w a sh in g  b a c t e r ia

B a c te r ia  w ere spun down from th e  b r o th  c u l t u r e s  in  a H eraeus C h r is t  

S im p lex  bench  c e n t r i f u g e  w ith  sw in g -o u t h ea d , f o r  10 m in s. a t  3800 r .p .m .  

They w ere th en  w ashed e ig h t  tim e s  by p i p e t t i n g  o f f  th e  su p e r n a ta n t ,  

r e s u s p e n d in g  in  0.4pm  M il l ip o r e  f i l t e r e d  sea w a ter  (MFS’-V) and s p in n in g
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FIG. 5 . 1 .  Growth o f  ML01 in  p e p to n e -p h o sp h a te  b r o th .
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down a g a in . A f t e r  th e  f i n a l  w ash , s e r i a l  d i l u t i o n s  w ere p r ep a re d , a 

h aem ocytom eter c o u n t made on a p p r o p r ia te  d i l u t i o n s ,  and th e  c e l l  d e n s it y  

a d ju s te d  in  p r e p a r a t io n  fo r  p r e s e n t a t io n  to  th e  n em atod es. In  th e  c a s e  

o f  l a b e l l e d  b a c t e r i a ,  G e ig e r -M u lle r  c o u n ts  w ere made on th r e e  a p p r o p r ia te  

d i l u t i o n s  ( f o r  method s e e  s e c t io n  5 . 1 . 7 . ) .

5 . 1 . 4 .  C u ltu r e  o f  nem atodes

(a )  M onhystera d is j u n c t a

In  O cto b er  1978 g r a v id  fe m a le s  w ere p ic k e d  o u t from th e  decom posing  

t i s s u e  on L . s a c c h a r in a  fro n d  t i p s .  They w ere n a r c o t iz e d  w ith  MgCl« and 

t h e i r  i d e n t i t y  ch eck ed  und er t h e  compound m ic r o sc o p e . They w ere th en  

p la c e d  on in d iv id u a l  5cm p l a t e s  o f  s lo p p y  se a w a te r  ag a r  w ith  an o v e r la y  

o f  f i l t e r e d  se a w a te r  (Whatman Gamma 12 0.3pm  o n - l i n e  f i l t e r ) .  The b e s t  

r e s u l t s  w ere o b ta in e d  w ith  a 0 , 2 % sea w a ter  a g a r  w ith  1 % o f  t h e  n u t r ie n t  

c o n c e n tr a t io n  o f  Z o b e l l ' s  m arin e a g a r , w h ich  was made up a s  f o l lo w s :

m arine ag a r  0 .0 5 5 g
p la i n  agar (BDH L t d . , )  0 .1 8 5 g  
f i l t e r e d  se a w a te r  99cm3
d i s t i l l e d  w a ter  lcm^

I f  agar w ith  a h ig h e r  n u t r ie n t  c o n c e n t r a t io n  was u s e d , b a c t e r ia  

grew r a p id ly  and th e  nem atodes d ie d ,  w h i le  on a s t i f f e r  agar m ost 

nem atodes rem ained on th e  s u r fa c e  and t h o s e  w h ich  d id  burrow o f t e n  d ie d  

w ith in  th e  a g a r . I n i t i a l l y  a sm a ll p ie c e  o f  decom posin g  L a m in aria  

t i s s u e  was added to  each  c u l t u r e  t o  p r o v id e  an inoculum  o f  s u i t a b l e  food  

m icro o rg a n ism s; th e  c u l t u r e s  w ere ch eck ed  to  s e e  th a t  no co n ta m in a tio n  

w ith  o th e r  nem atodes had r e s u l t e d  from t h i s .  B a c te r ia ,  f l a g e l l a t e s  

and c i l i a t e s  w ere p r e s e n t  in  th e  c u l t u r e s .  Once c u l t u r e s  w ere  e s t a b l i s h e d ,  

s u b c u ltu r e s  c o u ld  be made s im p ly  by t r a n s f e r r in g  a sm a ll p ie c e  o f  th e  

agar from an o ld  c u l t u r e ,  c o m p le te  w ith  nem atodes and m icro o rg a n ism s, t o  

th e  new p l a t e .  T h is  was done ev e ry  two m onths; th e  c u l t u r e s  w ere s t i l l  

h e a lth y  a f t e r  two y e a r s .
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(b ) M. r e fr in g e n s  and C, n u d ic a p ita ta

N e ith e r  o f  t h e s e  s p e c ie s  s u r v iv e d  fo r  more th an  a few d ays u nd er  

th e  c o n d it io n s  in  w h ich  M. d is j u n c t a  was s u c c e s s f u l l y  c u ltu r e d .  An 

a tte m p t was made to  c u l t u r e  C. n u d ic a p i t a t a . b o th  i n  s lo p p y  ag a r  and in  

s e a w a te r ,b y  a d d in g  e v e r y  th r e e  d ays, a few drops o f  a s u sp e n s io n  o f  th e  

d ia to m  Phaeodactylum  tricornuturn  and th e  c h lo r o p h y te  D u n a l ie l la  s a l i n a  

a s a su pp lem entary  fo o d  s o u r c e .  T h ese  c u l t u r e s  s u r v iv e d  fo r  about  

3 w e e k s , d u r in g  w h ich  tim e  on e b a tch  o f  eg g s  was l a i d  and h a tc h e d , b u t  

t h e  j u v e n i l e s  d ie d  b e fo r e  r e a c h in g  m a tu r ity .

5 . 1 . 5 .  H a r v e s t in g  and w a sh in g  nem atodes

M. d is j u n c t a  o f  body le n g th  600-700pm  w ere i n d iv id u a l ly  p ic k e d  o u t  

from s to c k  c u l t u r e s  w ith  a sharpened  q u i l l .  They w ere ta k en  through  two 

w ashes o f  MFSW b e fo r e  t r a n s f e r  to  th e  e x p e r im e n ta l d i s h e s .

5 . 1 . 6 .  S e t t in g  up f e e d in g  ex p er im en ts

The ex p er im en ts  w ere c a r r ie d  o u t in  5cm d ia m ete r  d is p o s a b le  p l a s t i c

3P e t r i  d i s h e s .  A sta n d a rd  volum e (5cm ) o f  th e  b a c t e r ia l  s u s p e n s io n  was

u se d  th ro u g h o u t. When a s u s p e n s io n  i n  sea w a ter  was u s e d , th e  nem atodes

3 3w ere p la c e d  in  4 .5cm  MFSW in  th e  d is h  and 0 .5cm  o f  b a c t e r ia l  s u s p e n s io n

o f  lOx th e  r e q u ir e d  f i n a l  c e l l  d e n s it y  was ad ded . S u sp en s io n s  in  agar

w ere prep ared  by m e lt in g  s t e r i l e  0.4% sea w a ter  ag a r  ( p la in  a g a r  in  0.3pm

o 3Gamma-12 f i l t e r e d  S'V) , a l lo w in g  i t  t o  c o o l  t o  40 C , p la c in g  2 .5cm  in  a

3p r e v io u s ly  warmed d is h  and a d d in g  2 .5cm  o f  a b a c t e r i a l  s u s p e n s io n  o f

tw ic e  th e  r e q u ir e d  f i n a l  c e l l  d e n s i t y  a t  40°C . P r e lim in a r y  t e s t s  had

shown th a t  th e  v i a b i l i t y  o f  ML01 was n o t  a f f e c t e d  by a s h o r t  p e r io d  a t

t h i s  te m p era tu re . The nem atodes w ere in tr o d u c e d  when th e a g a r  had

8  —3c o o le d .  A b a c t e r i a l  d e n s it y  o f  «/>10 c e l l s  cm and a nem atode d e n s i t y  

o f  15 p er  d is h  w ere  u sed  th ro u g h o u t . The d is h e s  w ere in c u b a te d  a t  

20 + 2°C .
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5 . 1 . 7 .  G e ig e r -M u lle r  c o u n t in g

No l iq u id  s c i n t i l l a t i o n  c o u n tin g ’ equipm ent was a v a i la b le  i n  M i l lp o r t ,

s o  a  G-M sy stem  was u s e d . T h is  c o n s i s t e d  o f  a M u llard  ZP1470 m ica  en d -

window G-M tu b e , a Panax " R eigate"  S e r i e s  c o u n te r  (M odules GSA-11, TIM -10,

SON-10 and PSU-13) , a Panax PN1-6 p r i n t e r  and a Panax B eta p la n  50

a u to m a tic  sam ple ch a n g e r . A l l  sa m p les  w ere co u n ted  on 23mm in t e r n a l

d ia m e te r  d im pled  alum inium  p la n c h e t s  (G a llen k a m p ).

For b a c t e r i a l  s u s p e n s io n s  and f i l t r a t e s ,  co u n ts  w ere made from

- 3  —4 -5
s e r i a l  d i l u t i o n s  ( u s u a l ly  1 0  , 1 0  , 1 0  w ere  a p p r o p r ia te  f o r  th e

3
i n i t i a l  washed b a c t e r ia l  s u s p e n s io n s ) .  A volum e o f  0 .1cm  was u sed  and

th e  p la n c h e t s  d r ie d  on a  h o t - p l a t e  b e fo r e  c o u n t in g .

At th e  end o f  th e  in c u b a t io n  p e r io d  i n  a f e e d in g  ex p e r im e n t,

nem atodes w hich  showed norm al a c t iv e  movements w ere removed from th e

d is h  w ith  a sh arp en ed  q u i l l  and tr a n s fe r r e d  t o  a drop  o f  4% fo r m a lin  in

s e a w a te r . N em atodes w ere th en  ta k en  i n d iv id u a l ly  th rou gh  s i x  w ash es in

M i l l ip o r e  f i l t e r e d  se a w a te r  and on e b r i e f  r in s e  i n  d i s t i l l e d  w a te r ,  a l l

t r a n s f e r s  b e in g  made w ith  c le a n  p in s .  They w ere th e n  p la c e d  in  d rop s

o f  d i s t i l l e d  w a te r  on in d iv id u a l  p la n c h e t s  and d r ie d  on th e  h o t - p l a t e .

P r e lim in a r y  t e s t s  had shown t h a t  k i l l i n g  in  fo r m a lin  le d  t o  no l o s s  o f

l a b e l  o r  o f  g u t c o n t e n t s .

A c o u n t in g  tim e  o f  40 s e c s ,  was u sed  th ro u g h o u t, and th r e e  o r

fo u r  r e p l i c a t e  c o u n ts  w ere made from ea ch  p la n c h e t .  Background c o u n ts

w ere  reco rd ed  f o r  each  e x p e r im e n t.

The main problem  w ith  G-M c o u n t in g ,  compared w ith  l i q u i d

s c i n t i l l a t i o n  c o u n t in g ,  i s  th a t  i t  g iv e s  o n ly  a r e l a t i v e  c o u n t . I f

th e  c o n c lu s io n s  drawn b e lo w  a re  t o  be v a l i d ,  th e  e f f i c i e n c y  o f  d e t e c t io n

must h ave been th e  same when c o u n t in g  nem atodes as when c o u n t in g

b a c t e r i a l  s u sp e n s io n s  o r  f i l t r a t e s .  The main c a u se  o f  d i f f e r e n c e s  in

e f f i c i e n c y  w i l l  h ave b een  s e l f - a b s o r p t i o n .  T h is i s  l e s s  o f  a  problem

32w ith  a  r e l a t i v e l y  h ig h  en er g y  p - e m it t e r  su ch  as P (Emax 1 .7 1  MeV)
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14th a n  w it h ,  f o r  exam p le, C (Emax 0 .1 5 5  M ev). A d r ie d  M. d is j u n c t a  w i l l

-2  3p r e s e n t  a  th ic k n e s s  o f  </> ling cm , w h i le  0 . 1 cm o f  a b a c t e r i a l  s u s p e n s io n  

-4in  s e a w a te r  ( a  1 0  d i l u t i o n  o f  an i n i t i a l  worked c o n c e n tr a te )  w i l l

- 2p r e s e n t  a th ic k n e s s  o f  v>17.5mg cm . Reading* th e s e  v a lu e s  o f f  th e  

nomogram g iv e n  by F a ir e s  and Parks (1 9 7 3 ) i t  appears t h a t  i n  th e  c a s e  

o f  th e  nem atode, s e l f  a b s o r p t io n  w i l l  be < 1 %, in  th e  c a s e  o f  th e  b a c t e r i a l  

s u s p e n s io n  </»5%. I t  i s  th e r e fo r e  p ro b a b le  th a t  e r r o r s  in tr o d u c e d  by 

u s in g  th e  r e s u l t s  w ith o u t  c o r r e c t io n  f o r  s e l f  a b s o r p tio n  w i l l  n o t  be  

l a r g e .

5 . 1 . 8 .  C o n tr o ls

Dead M. d is .ju n c ta  w ere u sed  as c o n t r o ls  in  a l l  f e e d in g  e x p e r im e n ts ,  

t o  a llo w  fo r  th e  e f f e c t  o f  any a d h e s io n  o f  l a b e l l e d  b a c t e r ia ,  or  a d so r p tio n  

o f  d is s o lv e d  l a b e l ,  t o  th e  c u t i c l e .  T hese c o n t r o ls  w ere nem atodes o f  th e  

same s i z e  as th e  ex p e r im e n ta l a n im a ls , p r e v io u s ly  k i l l e d  by h e a t  o r  w ith  

fo r m a lin .

5 . 1 . 9 .  T reatm en t o f  G-M r e s u l t s

Means w ere ta k en  o f  a l l  r e p l i c a t e  c o u n ts ,  and th e  background co u n t  

s u b tr a c te d  from a l l  ex p e r im e n ta l c o u n t s .  From th e  haem ocytom eter and 

G-M c o u n ts  on d i l u t i o n s  o f  an i n i t i a l  washed b a c t e r i a l  s u s p e n s io n , th e  

40 s e c  . co u n t p er  c e l l  c o u ld  be c a l c u l a t e d .  The c o u n t fo r  each  nem atode  

c o u ld  th en  be e x p r e s s e d  a s  a " c e l l  e q u iv a le n t"  (CE) , i . e .  th e  number 

o f  b a c t e r ia l  c e l l s  w h ich  w ould  g iv e  th e  same 40 s e c .  co u n t a s  th e  

nem atode.

5 .1 .1 0 .  O b se r v a tio n s  on fe e d in g

The f e e d in g  a c t i v i t i e s  o f  M. d i s j u n c t a  b oth  in  th e  s to c k  c u l t u r e s  

and in  s u s p e n s io n s  o f  ML01 in  0.2% a g a r  w ere o b serv ed  u s in g  th e  compound 

m icr o sco p e  w ith  a  xlO o b j e c t i v e  and a  co m b in a tio n  o f  in c id e n t  and tr a n s 

m itte d  l i g h t .  O b se rv a tio n s  w ere  a l s o  made o f  nem atodes in  s u s p e n s io n s  o f  

In d ia n  in k , i n  sea w a ter  and in  0.2% a g a r .
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5 . 2 .  EXPERIMENTAL PROCEDURES AND RESULTS

5 . 2 . 1 .  E xam in ation  o f  b a c t e r ia

The r e s u l t s  o f  gram s t a i n i n g  and ex a m in a tio n  o f  th e  c e l l  and 

c o lo n y  m orphology o f  each  o f  th e  f i v e  s t r a in s  o f  b a c t e r ia  a r e  shown 

in  T a b le  5 .1 .

5 . 2 . 2 .  U ptake o f  l a b e l  from th e  d i f f e r e n t  b a c t e r ia

The id e a  o f  t h i s  ex p er im en t was t o  p r e s e n t  M. d is j u n c t a  w ith  ea ch  

o f  th e  fo u r  s t r a in s  o f  b a c t e r ia  a t  th e  same c e l l  d e n s i t y  and t o  m easure  

th e  amount o f  l a b e l  ta k e n  up from ea ch  s t r a i n .

P ro ced u re

A l a b e l l e d  b ro th  c u l t u r e  o f  ML01 was grown ( s e c t i o n  5 . 1 . 2 . )  and th e

b a c te r ia  w ere h a r v e s te d  and w ashed ( s e c t i o n  5 . 1 . 3 . ) •  H aem ocytom eter and

G-M c o u n ts  w ere  made on d i l u t i o n s  o f  th e  w ashed  su s p e n s io n  and th e  c e l l

9 - 3d e n s it y  was a d ju s te d  t o  1 0  c e l l s  cm . M. d is j u n c t a  w ere p ic k e d  o u t  

from o n e-m o n th -o ld  c u l t u r e s  and washed ( s e c t i o n  5 . 1 . 5 . )  and 15 w ere p la c e d
3

i n  4 .5cm  MFSW in  each  o f  4 d is h e s  ( s e c t i o n  5 . 1 . 6 . ) .  One d is h  o f  10
3

c o n tr o l  (d ea d ) nem atodes was a l s o  p rep a red . 0 .5cm  o f  th e  b a c t e r i a l  

su sp e n s io n  w as added to  e a c h  d i s h .  T h is  p ro ce d u re  meant th a t  th e  

nem atodes w ere w ith o u t fo o d  fo r  a maximum o f  30 m in s. A fte r  2 4 h , a c t iv e  

nem atodes w ere rem oved, k i l l e d  and w ash ed , and G-M c o u n ts  w ere  made, 

( s e c t i o n  5 . 1 . 7 . ) .  T h is  p ro ce d u re  was r e p e a te d  u s in g  s t r a in s  ML03, ML04 

and ML05. T a b le  5 .2 .  g iv e s  d e t a i l s  o f  th e  e x p e r im e n ts .
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STRAIN
CELL DENSITY 

IN DISHES 
(CELLS cm- 3 x l0 8 )

G-M
COUNT
CELL- 1

INITIAL NO. 
OF NEMATODES

NO. ACTIVE 
AFTER 24h

NO. WITH COUNT 
> (BACKGROUND +10)

ML01 1 . 2 0 0 . 0 1 1 60 43 25

ML03 1 .2 5 0 .0 1 4 60 48 19

ML04 1 .3 4 0 .0 1 7 60 51 3

ML05 1 .2 9 0 .0 0 8 60 36 6

TABLE 5 . 2 . D e t a i l s  o f  ex p er im en t to  m easure u p ta k e  o f  l a b e l  from  
th e  d i f f e r e n t  s t r a i n  o f  b a c t e r ia .

The r e s u l t s  a r e  p r e s e n te d  in  F ig *  5 . 2 .  None o f  th e  c o n tr o l  nem atodes 

to o k  up la b e l  ab ove background +10 c o u n t s .  O nly sm a ll  numbers o f  nem atodes

to o k  up la b e l  from ML04 and ML05, and th o s e  w hich  d id ,  took  up o n ly  sm a ll

3 3am ounts, a maximum o f  3x10 CE from ML04 and 8x10 CE from ML05. R ather

more nem atodes to o k  up la b e l  from  ML03 (1 9  o f  48 a c t i v e  a f t e r  24h) b u t th e
3

am ounts ta k en  up w ere a g a in  s m a l l ,  a maximum o f  6x10 CE. In  th e  

ex p er im en t w ith  ML01 m ost o f  th e  nem atodes took  up l a b e l  (2 5  o f  th e  43

a c t i v e  a f t e r  24h) , and u p ta k e  was much g r e a te r :  20 to o k  up more th an

3 310x10 CE, 15 to o k  up more th an  20x10  CE, and th e  maximum u p ta k e  was

3 6 x l0 3 CE.

5 . 2 . 3 .  U ptake o f  l a b e l  from ML01 p r e s e n te d  in  se a w a te r  and in  0.2% agar  

M. d is j u n c t a  p la c e d  i n  a  s u s p e n s io n  o f  b a c t e r ia  i n  sea w a ter  showed  

r a th e r  a b err a n t movements and ten d ed  t o  p rod u ce clum ps o f  mucus and 

rem ain w ith in  them . In  0.2% a g a r  th e  nem atodes moved c o n t in u o u s ly  through  

th e  agar and d id  n o t  p rod u ce clum ps o f  m ucus. The p u rp ose o f  t h i s  

exp er im en t was t o  s e e  w h eth er  th e s e  d i f f e r e n c e s  in  b eh a v io u r  r e s u l t e d  

i n  d i f f e r e n c e s  in  u p ta k e o f  l a b e l .
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FIG. 5 .2 . U ptake o f  la b e l  by M. d is j u n c t a  from s u s p e n s io n s  o f  
fo u r  s t r a in s  o f  b a c t e r ia .
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P roced u re

The s u s p e n s io n  o f  l a b e l l e d  ML01 p rep ared  f o r  th e  exp er im en t d e s c r ib e d  

i n  s e c t i o n  5 . 2 . 2 .  was a l s o  u sed  f o r  t h i s  ex p er im en t. Two d is h e s  co n ta in in g :  

a s u s p e n s io n  o f  t h e s e  b a c t e r ia  i n  0.2% ag a r w ere p rep a red  ( s e c t i o n  5 . 1 . 6 . )  

and 15 M. d is j u n c t a  w ere w ashed and p la c e d  in  e a c h . The d e t a i l s  a re  

shown in  T a b le  5 . 3 . ;  th e  d e t a i l s  o f  th e  ML01 d is h e s  i n  th e  ex p er im en t  

d e s c r ib e d  in  s e c t i o n  5 . 2 . 2 .  a re  in c lu d e d  fo r  co m p a r iso n .

STRAIN
MEDIUM IN 

WHICH 
SUSPENDED

CELL DENSITY 
IN DISHES 

(CELLS cm“ 3 x l0 8 )

G-M
COUNT
CELL” *

INITIAL 
NO. OF 

NEMATODES

NO.
ACTIVE
AFTER

24h

NO. WITH COUNT 
> (BACKGROUND +10)

ML 01 0.2% SW 
agar 1 . 2 0 0 . 0 1 1 60 43 25

ML01 SW 1 . 2 0 0 . 0 1 1 30 23 17

TABLE 5 . 3 . D e t a i l s  o f  ex p er im en t to  com pare u p ta k e  o f  l a b e l  from  
su sp e n s io n s  o f  ML01 in  sea w a ter  and in  s lo p p y  a g a r .

R e s u l t s

The r e s u l t s  a re  p r e s e n te d  in  F ig ’. 5 . 3 . ,  w ith  th e  r e s u l t s  p r e v io u s ly  

o b ta in e d  fo r  M. d is j u n c t a  f e e d in g  on ML01 in  SW shown fo r  co m p a riso n .

T here i s  no o b v io u s  d i f f e r e n c e  betw een  th e  two s e t s  o f  r e s u l t s .  I t  th u s  

appears th a t  th e  a b err a n t lo c o m o tio n  shown in  SW d id  n o t  i n h i b i t  f e e d in g ,  

and th a t  th e  p r e se n c e  o f  mucus th rea d s i s  n o t  n e c e s s a r y  fo r  th e  u ptake  

o f  l a b e l .  T h is  l a t t e r  p o in t  i s  d is c u s s e d  b e lo w  ( s e c t i o n  5 . 3 . ) .

5 . 2 .4 .  The t im e -c o u r s e  o f  u p ta k e  o f  l a b e l

Com parison o f  th e  g u t r e t e n t io n  tim e  w ith  th e  t im e -c o u r s e  o f  th e  

u p ta k e  o f  la b e l  c a n  r e v e a l  w h eth er th e  o b serv ed  u p ta k e  i s  th e  r e s u l t  o f  

a s s im i la t io n  i n t o  th e  body o r  m erely  o f  a ccu m u la tio n  in  th e  g u t .  R e te n t io n  

tim e s  w ere e s t im a te d  from o b s e r v a t io n s  o f  d e fa e c a t io n  ( s e e  s e c t io n  5 . 2 . 9 . ) ;
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FIG. 5 . 3 . U ptake o f  la b e l  by M. d is j u n c t a  from ML01 su sp en d ed  in  
se a w a te r  and in  s lo p p y  a g a r .
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th e  ex p er im en ts  d e s c r ib e d  in  t h i s  s e c t io n  fo l lo w e d  th e  t im e -c o u r s e  o f  

u p ta k e .

P ro ced u re

In  th e  f i r s t  run o f  t h i s  ex p er im en t th e  u p ta k e  o f  la b e l  was fo l lo w e d  

o v e r  2 4 h . The c o u n ts  ap peared  to  be in c r e a s in g  r ig h t  up t o  24h , b u t fo r  

some unknown r e a so n  many o f  th e  nem atodes d ie d ,  and numbers w hich  s u r v iv e d  

to  b e  co u n te d  w ere to o  lo w  to  a llo w  any d e f i n i t e  c o n c lu s io n s  t o  be drawn. 

In  th e  seco n d  run M, d is j u n c t a  was a llo w e d  to  fe e d  on l a b e l l e d  ML01 

f o r  48 and 7 2 h , The p ro ced u re  was as d e s c r ib e d  i n  s e c t io n  5 , 2 . 2 , ,  and 

th e  r e s u l t s  f o r  th e  24h e x p er im en t d e s c r ib e d  i n  th a t  s e c t i o n  ca n  be u sed  

f o r  co m p a r iso n . D e t a i l s  a r e  g iv e n  in  T a b le  5 . 4 ,

R e s u l t s

The r e s u l t s ,  in c lu d in g  th o s e  from t h e  24h ex p er im en t d e s c r ib e d  in  

s e c t io n  5 . 2 . 2 .  a re  p r e s e n te d  in  F ig .  5 . 4 .  U ptake was c l e a r l y  g r e a te r  

a f t e r  48h th an  a f t e r  2 4 h , and s t i l l  g r e a te r  a f t e r  72h . I t  a p p ea rs th a t  

a s im i la r  amount o f  l a b e l  was tak en  up i n  each  o f  th e  th r e e  24h  p e r io d s .  

A fte r  48h and 72h a lm o st a l l  th e  a c t iv e  nem atodes had ta k en  up sa n e  l a b e l .

5 . 2 . 5 .  The t im e -c o u r s e  o f  l o s s  o f  l a b e l

In  t h i s  e x p e r im e n t, M. d is .ju n c ta  was fe d  on a su sp e n s io n  o f  l a b e l l e d  

ML01 in  sea w a ter  fo r  2 4 h , th en  t r a n s fe r r e d  to  a  s u s p e n s io n  o f  u n la b e l le d  

ML01 in  se a w a te r  a t  th e  same d e n s i t y .  A c t iv e  nem atodes w ere rem oved

a f t e r  v a r io u s  t im e s  and G-M c o u n ts  made. I t  was hoped th a t  a s  w e l l  as

$
p r o v id in g  in fo r m a t io n  on th e  t im e -c o u r s e  o f  l o s s  o f  l a b e l ,  w h ich  c o u ld  be 

com pared w ith  th e  g u t r e t e n t io n  t im e  in  th e  same way a s  th a t  on th e  t im e -  

c o u r s e  o f  u p ta k e , t h i s  ex p er im en t m igh t g iv e  a n o th er  m easure o f  r e t e n t io n  

t im e . One w ould e x p e c t  an i n i t i a l  p e r io d  o f  r a p id  l o s s ,  when l a b e l  was 

b e in g  b oth  e x c r e t e d  and d e fa e c a te d ,  fo llo w e d  by a lo n g e r  p e r io d  o f  s lo w e r  

l o s s  when a l l  t h e  l a b e l  had b een  e l im in a te d  from th e  g u t and e x c r e t io n  

was th e  o n ly  means o f  l o s s .
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FIG. 5 . 4 . U p tak e o f  l a b e l  by M. d is .ju n c ta  from UL01 o v er  2 4 ,  48  
and 72h .
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P ro ced u re

D e t a i l s  o f  th e  b a c t e r i a l  s u s p e n s io n s  u sed  a re  g iv e n  in  T a b le  5 . 5 .

CELL DENSITY IN
- 1

STRAIN DISHES 
(CELLS cm"*^xl0s )

G-M COUNT CELL

ML01 l a b e l l e d 1 .3 0 0 . 0 1 0

ML01 u n la b e l le d 1 .3 2 -

TABLE 5 . 5 . D e t a i l s  o f  ex p er im en t t o  fo l lo w  t im e -c o u r s e  o f  
l o s s  o f  l a b e l .

Nem atodes w ere removed from  th e  u n la b e l le d  b a c t e r ia l  s u s p e n s io n  a f t e r  

1 , 1 2 ,  3 ,  4 ,  6 , 8 , 1 0 , 1 2 , 1 4 , 1 6 , 18 h o u r s , k i l l e d  and w ashed in  

th e  normal way and G-M c o u n ts  made.

R e s u lt s

The r e s u l t s  a r e  shown i n  F ig .  5 . 5 .  The number o f  nem atodes u sed  

was r a th e r  s m a l l ,  b u t th r e e  p o in t s  em erg e . F i r s t l y ,  th e  u p ta k e o f  l a b e l  

o v e r  th e  24h in  th e  s u s p e n s io n  o f  l a b e l l e d  ML01 was s im i la r  t o  t h a t  found  

i n  th e  ex p er im en t d e s c r ib e d  i n  s e c t i o n  5 . 2 . 2 .  S e c o n d ly , in  th e  u n la b e l l e d  

s u s p e n s io n  th e  nem atodes l o s t  l a b e l  o n ly  s lo w ly ,  a  h ig h  p r o p o r tio n  o f  

th a t  i n i t i a l l y  p r e s e n t  rem a in in g  a f t e r  18h . T h ir d ly , no d is c o n t in u i t y  

i n  t h e  r a t e  o f  l o s s ,  i n d i c a t in g  th e  t im e  a t  w h ich  a l l  l a b e l  was l o s t  

from th e  g u t ,  was s e e n .  T h is  was p ro b a b ly  p a r t ly  b e c a u se  th e  numbers o f  

nem atodes u sed  w ere s m a ll;  a l s o ,  b e c a u se  th e  r e t e n t io n  t im e  was f a i r l y  

s h o r t  ( s e e  s e c t io n  5 . 2 . 9 . )  and th e  a s s i m i l a t i o n  e f f i c i e n c y  may w e l l  h a v e  

been  h ig h  ( s e e  d i s c u s s i o n ) ,  th e  amount o f  l a b e l  d e fa e c a te d  was p ro b a b ly  

o n ly  a sm a ll p r o p o r t io n  o f  th a t  i n i t i a l l y  p r e s e n t .

5 . 2 . 6 .  D is t r ib u t io n  o f  l a b e l  in  d is h e s  betw een  c e l l s  and s o lu t io n ;  u p ta k e  
o f  l a b e l  from s o lu t io n

T here was a  p o s s i b i l i t y  th a t  th e  u p ta k e  o b serv ed  in  th e  above  

ex p er im en ts  was o f  la b e l  w h ich  had b een  r e le a s e d  in t o  s o l u t io n  by th e
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FIG. 5 .5 .  T im e-co u rse  o f  l o s s  o f  l a b e l  by M. d i s j u n c t a .
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b a c t e r ia .  The two p a r ts  o f  t h i s  ex p er im en t in v e s t ig a t e d  t h i s  p o s s i b i l i t y .  

In  th e  f i r s t  p a r t ,  nem atodes w ere l e f t  i n  a su s p e n s io n  o f  l a b e l l e d  ML01 

fo r  24h a t  th e  end o f  w h ich  th e  amount o f  l a b e l  p r e s e n t  in  s o lu t io n  

was m easured . In  th e  sec o n d  p a r t ,  f r e s h  nem atodes w ere k e p t  in  t h i s  

s o lu t io n  f o r  24h and th e  amount o f  l a b e l  th e y  took  up was m easured .

P roced u re

32A c u l t u r e  o f  P—l a b e l l e d  ML01 was grow n, h a r v e s te d  and w ashed .

M. d is j u n c t a  w ere p ic k e d  o u t  from s to c k  c u l t u r e s  and w ash ed , and 15 w ere

3 3p la c e d  i n  4 .5cm  MFSW in  e a c h  o f  4 d i s h e s .  0 .5cm  o f  b a c t e r i a l  s u s p e n s io n

8  - 3
was added  to  g iv e  a c e l l  d e n s i t y  in  th e  d is h e s  o f  10 c e l l s  cm . A f t e r  

24h th e  c o n te n t s  o f  ea ch  d is h  w ere p a sse d  th rou gh  two 0.4 |im  M il l ip o r e  

f i l t e r s .  A G-M c o u n t was made on d i l u t i o n s  o f  th e  f i l t r a t e  from ea ch  d i s h .
3

The re m a in in g  f i l t r a t e  from  a l l  4 d is h e s  was com bined , and 5cm p u t i n t o  

each  o f  2 more d is h e s .  15 f r e s h  M. d is .ju n c ta  w ere washed and p la c e d  in  

each  d i s h .  A f te r  24h th o s e  w hich  w ere a c t i v e  w ere rem oved, k i l l e d  and 

w ash ed , and G-M c o u n ts  w ere made. T a b le  5 . 6 .  shows th e  d e t a i l s  o f  th e  

f i r s t  p a r t  o f  th e  e x p e r im e n t.

STRAIN
INITIAL CELL 

DENSITY IN DISHES 
(CELLS cm -3 x l 0 8 )

INITIAL G-M 
COUNT CELL" 1

ML01 1 . 1 0 0 . 0 1 2

TABLE 5 . 6 . D e t a i l s  o f  exp er im en t t o  i n v e s t i g a t e
d i s t r i b u t i o n  o f  l a b e l  b etw een  b a c t e r ia  
and s o lu t io n  and u p ta k e  o f  la b e l  from  
s o l u t io n .
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R e s u lt s

The r e s u l t s  o f  th e  f i r s t  p a r t o f  th e  ex p er im en t a re  shown in

T a b le  5 . 7 .  The mean p e r c e n ta g e  o f  la b e l  in  th e  f i l t r a t e  was 2.6% .

In  th e  seco n d  p a r t  o f  th e  ex p er im en t, 19 o f  th e  30 nem atodes w ere

a c t iv e  a f t e r  2 4 h , and none o f  th e s e  showed G-M c o u n ts  o f  g r e a te r  th an

background + 1 0 . I t  i s  u n l ik e ly  th a t  a s i g n i f i c a n t  p r o p o r t io n  o f  th e  

32P ta k en  up by M. d is j u n c t a  in  th e  p r e v io u s  ex p er im en ts  came from  

s o lu t io n .  T h is  p o in t  i s  c o n s id e r e d  fu r t h e r  in  s e c t io n  5 .3 .

DISH
INITIAL 

G-M COUNT 
cm" 3  IN DISH

G-M COUNT 
cm" FILTRATE

% OF LABEL 
PRESENT IN FILTRATE

1 134161 19183 1 .4

2 it 28170 2 . 1

3 M 54999 4 .1

4 ** 38902 2 .9

TABLE 5 . 7 .  Amount o f l a b e l  p r e s e n t  in f i l t r a t e .

5 . 2 . 7 . P a ssa g e  o f  v ia b le b a c t e r ia  through th e  g u t

The d i f f e r e n t i a l  u p ta k e  o f  l a b e l  from th e  d i f f e r e n t  s t r a in s  o f  

b a c t e r ia  ( s e c t i o n  5 . 2 . 2 . )  co u ld  have been  th e  r e s u l t  o f  s e l e c t i v e  

i n g e s t io n  o r  s e l e c t i v e  d ig e s t i o n .  The p a ssa g e  o f  l a r g e  numbers o f  

v ia b le  b a c te r ia  th rou gh  th e  g u t would s u g g e s t  th a t  th e  l a t t e r  was a t  

l e a s t  p a r t ly  r e s p o n s ib le .  T h is  ex p er im en t made u s e  o f  th e  f a c t  th a t  

th e  d i f f e r e n t  s t r a in s  o f  b a c t e r ia  form c o lo n ie s  o f  d i f f e r e n t  c o lo u r s  

( s e e  T a b le  5 . 1 . ) .
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P ro ced u re

T h is  ex p er im en t d id  n o t  in v o lv e  t h e  u s e  o f  l a b e l l e d  b a c t e r ia .

U n la b e lle d  b ro th  c u l t u r e s  o f  s t r a in s  ML01 and ML04 w ere grow n, and a

s u s p e n s io n  in  MFSW was made o f  ML07 grown on m arine a g a r . In  a l l  c a s e s

8
th e  b a c t e r ia  w ere w ashed and th e  c e l l  d e n s it y  a d ju s te d  t o  «/> 1 0  c e l l s

_3
cm . C o lo n ie s  o f  ML01, ML04 and ML07 a r e  w h it e ,  y e l lo w  and p ink  

r e s p e c t i v e l y .  T h ir ty  M. d is j u n c t a  w ere p ic k e d  o u t  from  s to c k  c u l t u r e s
3

and w ash ed , and 15 w ere p la c e d  in  ea ch  o f  2 d is h e s  c o n t a in in g  5cm ML04

s u s p e n s io n . A f te r  24h th e  nem atodes w ere  tr a n s fe r r e d  t o  2 d is h e s  o f

ML07 s u s p e n s io n  w here th e y  w ere l e f t  f o r  a fu r th e r  3h . D u rin g  t h i s  3h

op e r io d  th e  KL01 s u s p e n s io n  was h ea te d  t o  55 C f o r  20 m in s . ,  th en  c o o le d ;  

i t  was hoped t h a t  t h i s  w ould k i l l  th e  c e l l s  b u t l e a v e  them i n t a c t .  At 

th e  end o f  th e  3h p e r io d  th e  nem atodes w ere removed from th e  ML07 

s u s p e n s io n , ta k en  i n d iv id u a l ly  through  6  w ashes o f  MFSW and tr a n s fe r r e d  

to  2 d is h e s  o f  th e  " k i l le d "  ML01 s u s p e n s io n . A fte r  12h th e y  w ere rem oved  

and s e r i a l  d i l u t i o n s  o f  th e  su sp e n s io n  r e m a in in g  in  ea ch  o f  th e  2  d is h e s

w ere p rep a red  and p la t e d  o u t on m arine a g a r . The d i l u t i o n s  u sed  w ere

-1  -2  - 3  - 4  - 5  - 610 , 10 , 1 0  , 1 0  , 10 and 10 , and 3 p la t e s  w ere made o f  each

od i l u t i o n  from each  d i s h .  The p la t e s  w ere in c u b a te d  a t  22 C and exam ined  

a f t e r  1 ,  2 ,  3 and 4 d ays to  lo o k  fo r  y e l lo w  (iX 0 4 ) and p in k  (ML07) 

c o l o n i e s .  A c o n tr o l  was p ro v id e d  by a d is h  o f  15 nem atodes w ith  w h ich  

th e  same p ro ced u re  was fo l lo w e d  e x c e p t  t h a t  th e  nem atodes w ere k i l l e d  

by h e a t  b etw een  th e  in c u b a t io n s  in  ML04 and ML03.

R e s u lt s

The main problem  w ith  t h i s  ex p er im en t was th a t  th e  h e a t  tr ea tm e n t

f a i l e d  to  k i l l  a l l  th e  ML01, w hich  meant th a t  a d en se  grow th o f  white-M L01

c o lo n ie s  made i t  d i f f i c u l t  to  s e e  p ink  o r  y e l lo w  c o lo n ie s  on th e  p l a t e s .

-2H owever, th e  th r e e  10 p la t e s  from d is h  1 had 6 , 1 and 3 r e c o g n iz a b le  

y e llo w  c o l o n i e s .  On none o f  th e  p la t e s  from e i t h e r  d is h  2 o r  d is h  3
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( t h e  c o n tr o l)  w ere any y e l lo w  o r  p ink  c o lo n ie s  s e e n . W hile t h i s  r e s u l t  

i s  n o t  a t  a l l  c o n c lu s iv e ,  i t  d o e s  s u g g e s t  t h a t  v ia b le  I:L04 may be p a ssed  

th rou gh  th e  g u t .  The need fo r  h e a t  k i l l i n g  c o u ld  be a v o id ed  i f  s t r a in s  

w ith  d i f f e r e n t  n u t r i t i o n a l  req u irem en ts  o r  d i f f e r e n t  s e n s i t i v i t i e s  to  

a p a r t ic u la r  a n t ib o t ic  w ere u s e d .

5 . 2 . 8 .  U ptake o f  la b e l  by .ju v e n i le  M. d is .ju n c ta  and by M. r e f r in g e n s  

As an a d d i t io n a l  p a r t  o f  one ex p er im en t, u p ta k e  o f  l a b e l  by 

j u v e n i l e  M. d is j u n c t a  and by M. r e f r in g e n s  p r e s e n te d  w ith  l a b e l l e d  ML01 

fo r  24h was m easured .

P ro c ed u r e

A l a b e l l e d  c u l t u r e  o f  ML01 was grow n, h a r v e s te d  and w ash ed , and 

two e x p e r im e n ta l d is h e s  w ere  s e t  up, as d e s c r ib e d  in  s e c t i o n  5 . 2 . 2 .  In  

one d is h  w ere p la c e d  20 M. d is j u n c t a  o f  body le n g th  300pm, w h ich  had 

been p ic k e d  o u t  from s to c k  c u l t u r e s  and washed in  th e  norm al way. In  

th e  secon d  d is h  were p la c e d  3 a d u lt  M. r e f r in g e n s  o b ta in e d  from th e  f i e l d .  

A fte r  2 4 h , a c t iv e  nem atodes were rem oved, k i l l e d  and w ashed , and G-M 

c o u n ts  w ere made. D e t a i l s  o f  th e  ex p er im en t a re  g iv e n  in  T a b le  5 . 8 .

CELL DENSITY 
IN DISHES 

(CELLS cm” 3 )

G-M COUNT 
CELL” 1

INITIAL
NO. OF 

NEMATODES

NO.
ACTIVE
AFTER

24h

NO. WITH COUNT 
> BACKGROUND +10

M. r e f r in g e n s  
( a d u lt )

1 . 1 2 0 .0 0 6 3 2 1

M. d is j u n c t a  
( j u v e n i l e )

1 . 1 2 0 .0 0 6 2 0 13 8

TABLE 5 . 8 . D e t a i ls  o f  ex p er im en t to  m easure u p ta k e  o f  l a b e l
from ML01 by M. r e fr in g e n s  and j u v e n i l e  M. d i s j u n c t a .
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R e s u lt s

4One o f  th e  th r e e  M. r e fr in g e n s  to o k  up 1 .1  x  10 CS o f  l a b e l .  T h is

i s  w i t h in  th e  ran ge o b se r v e d  fo r  a d u l t  M. d i s j u n c t a , though l e s s  th an

t h e  m edian u p tak e fo r  t h i s  s p e c i e s .  In  e i g h t  o f  th e  j u v e n i l e  M. d i s j u n c t a

4
u p ta k e  was in  th e  ran ge 0 .2 - 1 .0 x 1 0  CD. In  n e i t h e r  M. r e fr in g e n s  nor  

j u v e n i l e  M. d is j u n c t a  was th e  r e t e n t i o n  t im e  o r  th e  t im e -c o u r s e  o f  u p ta k e  

i n v e s t i g a t e d .

5 . 2 . 9 .  O b se rv a tio n s  on fe e d in g

W hile f e e d in g ,  th e  body i s  moved s lo w ly  back and fo r th  w h i le  th e  

a n t e r io r  end i s  r o ta te d  ab o u t th e  l o n g i t u d in a l  a x i s  o f  th e  body a t  a  

freq u en cy  o f  1 -2  r e v o lu t io n s  s  * . As fa r  a s  c o u ld  be ju d g ed  by d i r e c t

m ic r o sc o p ic  o b s e r v a t io n , th e  pumping r a t e  o f  th e  oesop h agu s was u s u a l ly

-1  -1  l - 2 s  w ith  a maximum o f  «  5 s  . I t  ap peared  t h a t  o n ly  one p a r t i c l e  o r

clump o f  p a r t i c l e s  was m oving down t h e  o eso p h a g u s a t  any on e t im e .

Back and f o r t h  movements o f  th e  g u t  c o n t e n t s  w ere o c c a s io n a l ly  o b se r v e d ,

b u t i t  seem ed th a t  l i t t l e  lo n g it u d in a . 1  m ix in g  r e s u l t e d .

D e fa e c a t io n  was an o b v io u s  e v e n t .  The g u t c o n te n t s  w ere f i r s t

d is p la c e d  a n t e r io r l y ,  th en  moved p o s t e r i o r l y .  M a te r ia l  was s q u ir t e d

from th e  a n u s, em p ty in g  th e  p o s t e r io r  p a r t  o f  th e  g u t ,  and th e  s e c t i o n

o f  th e  body w h ich  c o n ta in e d  t h i s  p a r t  o f  th e  g u t s h o r te n e d . l - 3 s  l a t e r

t h i s  body s e c t i o n  ex ten d ed  a g a in  as g u t  c o n te n t s  moved back t o  f i l l  th e

p o s t e r io r  p a r t  o f  th e  g u t .  The v o lu m e e x p e l le d  a t  ea ch  d e fa e c a t io n

ap peared  t o  be f a i r l y  c o n s ta n t ,  and was e s t im a te d  a s  10-15% o f  th e

g u t volum e. E x am in ation  o f  M. d i s j u n c t a  d id  n o t  r e v e a l  th e  p r e s e n c e  o f

a p r e r e c t a l  v a lv e  o f  any ty p e  ( s e e  d i s c u s s i o n ) .

To d e term in e  th e  freq u en cy  o f  d e f a e c a t io n ,  in d iv id u a l  nem atodes

8 —3in  a s u s p e n s io n  o f  ML01 in  SW agar («'»10 c e l l s  cm ) w ere o b serv ed  

c o n t in u o u s ly  fo r  up to  2 h . Exam ples o f  t y p ic a l  o b s e r v a t io n s  are:

* ( i )  A dult fe m a le . D e fa e c a t io n s  a f t e r  10 , 5 2 , 8 8  m ins.

( i i )  A d u lt m a le . D e fa e c a t io n s  a f t e r  15 , 4 0 , 7 0 , 101 m in s.
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E ig h t  nem atodes and 21 d e fa e c a t io n s  w ere o b se r v e d . The mean tim e  b etw een  

s u c c e s s i v e  d e f a e c a t io n s  was 35 m in s. I f  th e  mean p r o p o r t io n  o f  th e  g u t  

c o n t e n t s  v o id ed  a t  one d e fa e c a t io n  i s  ta k en  a s  12.5%,  t h i s  g iv e s  an 

e s t im a t e  o f  4h 40 m ins fo r  th e  r e t e n t io n  tim e u nder t h e s e  c o n d i t io n s .

O b se r v a tio n s  w ere a l s o  made u s in g  In d ia n  in k  p a r t i c l e s .  T hese  

w ere ab out 1 pm lo n g ,  a p p r o x im a te ly  th e  same s i z e  as th e  b a c t e r ia ,  and 

though  in  SW some clum ps o f  up t o  15pm d ia m e te r  w ere form ed , la r g e  numbers 

o f  s i n g l e  p a r t i c l e s  rem ain ed . When p u t i n t o  a su s p e n s io n  o f  In d ia n  in k  

in  s e a w a te r ,  M. d is j u n c t a  in g e s t e d  th e s e  p a r t i c l e s ,  b u t th e  lumen o f  th e  

oeso p h a g u s a n d /o r  th e  o e s o p h a g o - in t e s t in a l  v a lv e  soon  became c lo g g e d .

One f e a t u r e  w hich  th e  u s e  o f  In d ia n  in k  d id  d em o n stra te  was th e  c o p io u s  

p r o d u c t io n  o f  mucus by M. d is j u n c t a  from th e  mouth and th e  c a u d a l g la n d s .  

The in k  p a r t i c l e s  adhered  t o  th e  m ucus, m aking i t  e a s i l y  v i s i b l e .  I f  p u t  

in  s e a w a te r , th e  nem atodes made mucus a g g r e g a te s  w ith in  w h ich  th e y  u s u a l ly  

rem a in ed . O fte n  two or more nem atodes ta n g le d  to g e th e r  w i t h in  su ch  an 

a g g r e g a te .  S im ila r  b e h a v io u r  was o b serv e d  in  th e  f e e d in g  ex p er im en ts  

w here nem atodes w ere p r e s e n te d  w ith  a s u s p e n s io n  o f  b a c t e r ia  in  s e a w a te r .  

When p r o v id e d  w ith  0.2% a g a r  th e  nem atodes burrowed th rou gh  i t  c o n t in u o u s ly  

and mucus a g g r e g a te s  w ere n o t  form ed.

5 . 3 .  DISCUSSION

The d ir e c t  o b s e r v a t io n s  d e s c r ib e d  above show th a t  M. d is j u n c t a  

d o es  in g e s t  p a r t i c l e s  o f  b a c t e r i a l  s i z e .  B en n e t-C la rk  (1 9 7 6 ) d is c u s s e d  

th e  m ech an ics o f  th e  nem atode o e so p h a g e a l pump. The pumping r a t e

o b serv e d  in  M. d is j u n c t a  ( l - 5 s  S  i s  s im i la r  to  th o s e  reco rd ed  f o r  o th e r

-1  -1n em atod es, e . g .  l - 2 s  in  P a n a g r e llu s  and up t o  5 s  in  R h a b d it is

(M apes, 1 9 6 5 ) . D o n ca ster  (1 9 6 2 ) d e s c r ib e d  th e  m echanism  by w h ich  two 

r h a b d it id s ,  R h a b d it is  and P e lo d e r a  fe d  on b a c t e r ia .  He c o n s id e r e d  th a t
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t h e s e  nem atodes w ere in  e f f e c t  f i l t e r 1 f e e d e r s .  They h ave a d eep  

c y l i n d r i c a l  b u c c a l c a v i t y  w ith  a g lo t : t o id  a p p a ra tu s a t  i t s  b a s e .  The 

oeso p h a g u s c o n s i s t s  o f  an a n t e r io r  c o r p u s ,  o f  w h ich  th e  p o s t e r io r  p a r t  

( t h e  m etacorp u s) form s th e  f i r s t  b u lb ', a  m edian isth m u s and a p o s t e r io r  

b u lb  ( t h e  seco n d  b u lb ) .  D i la t io n  o f  1the co rp u s draws in  w a te r , to g e th e r  

w ith  any su sp en d ed  p a r t i c l e s ,  a s  fa r  ;as th e  a n t e r io r  end o f  th e  is th m u s .  

C lo s u r e  o f  th e  lumen th en  e x p e ls  w a te ir , l e a v in g  p a r t i c l e s  tra p p ed  b eh in d  

th e  g l o t t o i d  a p p a ra tu s or th e  f i r s t  b iu lb . T h ese p a r t i c l e s  a r e  th e n  moved 

p o s t e r io r ly  by su b se q u en t d i l a t i o n s  o:f th e  c o r p u s . D o n ca ster  s u g g e s te d  

t h a t  th e  f la p s  o f  th e  second  b u lb  b rea k  up a g g r e g a te s  o f  food  p a r t i c l e s .  

Mapes (1 9 6 5 ) s u g g e s te d  th a t  th ey  a c t  p r im a r i ly  a s  v a lv e s .  In  M. d is j u n c t a  

t h e  oesop h agu s i s  n o t  d i f f e r e n t i a t e d  iin to  c o r p u s , is th m u s and b u lb  b u t  

i s  ro u g h ly  c y l i n d r i c a l  w ith  a s l i g h t  p o s t e r io r  s w e l l i n g .  C h itw ood  and 

Murphy (1 9 6 4 ) o b serv e d  two m in u te d e n it ic le s  a t  th e  b a se  o f  th e  b u c c a l  

c a v i t y  in  some sp ec im en s; t h e s e  w ere m ot se e n  in  th e  p r e s e n t  s tu d y . I t  i s  

n o t  c l e a r  w h eth er a s im p le  o eso p h a g u s o f  t h i s  ty p e  c o u ld  fu n c t io n  as a 

f i l t e r  in  th e  way d e s c r ib e d  fo r  r h a b d i t id s .  The b u c c a l c a v i t y  o f  

M. d is j u n c t a  i s  much s m a lle r  th an  th att o f  R h a b d it is  or  P e lo d e r a  w h ich  

s u g g e s t s  th a t  th e r e  may be more p r e c i s e  s e l e c t i o n  o f  in d iv id u a l  fo o d  

i t e m s .  T h is  w ould  presum ably le a d  t o  in g e s t io n  o f  l e s s  e x c e s s  w a te r  

and h en ce  t o  l e s s  need  t o  s t r a in  o u t  fo o d  p a r t i c l e s .  A c in e m ic r o g r a p h ic  

stu d y  w ould p r o v id e  u s e f u l  in fo rm a tio n !.

D o n ca ste r  (1 9 6 6 ) d e s c r ib e d  movennents o f  th e  g u t c o n te n t s  o f  two 

D ity le n c h u s  s p e c i e s ,  a p p a r e n tly  s i m i l a r  to  th o s e  o b se r v e d  in  M. d i s j u n c t a . 

w hich  w ere  th e  r e s u l t  o f  l o c a l i z e d  c o n t r a c t io n s  o f  t h e  p o s t e r io r  body 

w a l l .  In  M. d is j u n c t a  th e  movements seem ed  t o  r e s u l t  in  a g i t a t i o n  o f  

th e  g u t  c o n te n t s  r a th e r  than in  s i g n i f i c a n t  lo n g i t u d in a l  m ix in g .

D e fa e c a t io n  in  nem atodes has nolt been  s tu d ie d  a s  i n t e n s i v e l y  as 

h as f e e d in g .  C r o fto n  (1 9 6 6 ) s t a t e d  tlh a t in  A s c a r is  th e  anal d i l a t o r  

m u scle  op en s th e  anus and th e  g u t  c o n s e n ts  a r e  f o r c ib ly  e x p e l l e d  by th e
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h ig h  in t e r n a l  tu r g o r  p r e s s u r e  ( H a r r is  and C r o f to n , 1 9 5 7 ). In  o th e r  s p e c ie s  

th e  p r o c e s s  i s  more c o m p lic a te d . Sejymour and D o n ca ste r  (1 9 7 3 ) u sed  

c in em icro g ra p h y  t o  s tu d y  d e f a e c a t io n  i n  A p h e len ch o id es  b la s to p h th o r n s .

In  t h i s  s p e c i e s  th e r e  i s  a p rerectu m ,, s e p a r a te d  from b o th  th e  rectum  and 

th e  p o s t e r io r  i n t e s t i n e  p ro p er  by c o m p le x  fo ld e d  v a lv e s .  B e fo r e  d e fa e c a t io n  

th e  p o s t e r io r  p a r t  o f  th e  body s h o r t e n s ,  d i s p l a c i n g  th e  g u t c o n te n t s  

a n t e r io r ly .  D e fa e c a t io n  i s  c o o r d in a te d  by a  p o s t e r io r ly  p a s s in g  wave o f  

r e - e lo n g a t io n  fo l lo w e d  by l o c a l i z e d  s h o r t e n in g ,  w hich  opens and c l o s e s  

th e  v a r io u s  v a lv e s .  The f a e c e s  a re  ii s o la  te d  in  th e  p rerectum  when th e  

p r e r e c t a l  v a lv e  c l o s e s ,  p a s s  th rou gh  th e  r e c t a l  v a lv e  a s  th e  a n t e r io r  

p rerectum  c l o s e s ,  and f i n a l l y  a re  e j e c t e d  when th e  anus o p e n s . A f t e r  

d e fa e c a t io n  th e  p o s t e r io r  p a r t  o f  t h e  body r e - e lo n g a t e s  and th e  p r e r e c t a l  

v a lv e  and p rerectu m  open . The p r e r e c s ta l v a lv e  l i m i t s  th e  amount o f  

m a te r ia l  e l im in a te d  in  on e d e f a e c a t i o n .  In  C a e n o r h a b d it is  b r ig g s a e  

d e fa e c a t io n  a g a in  in v o lv e s  an i n i t i a l !  a n t e r io r  d isp la c e m e n t o f  th e  g u t  

c o n te n t s  ca u sed  by l o c a l i z e d  c o n t r a c t io n  o f  th e  p o s t e r io r  body w a l l .

T h is  i s  fo l lo w e d  by a ra p id  p o s te r io r *  movement o f  th e  o e so p h a g u s , ca u sed  

by a c o n t r a c t io n  o f  th e c e p h a l ic  m u s c u la tu r e , w h ich  d is p la c e s  th e  g u t  

c o n te n t s  p o s t e r i o r l y ,  f i l l i n g  th e  h im d g u t  and rectu m . The f i n a l  

e v a c u a t io n  o f  th e  rectum  f o l lo w s  a lm c s t  im m e d ia te ly ; th e  p rerectu m  i s  

n o t  em p tied . The p r o c e ss  o f  d e f a e c a t io n  in  M. d is j u n c t a  ( s e c t i o n  5 . 2 . 9 . )  

i s  c l e a r l y  s im i la r  to  th a t  d e s c r ib e d  fo r  t h e s e  tw o s p e c i e s .  T h ere  i s  

a p p a r e n tly  no p r e r e c t a l  v a lv e ;  c in em ilcro g ra p h y  w ould a g a in  p r o v id e  

in fo r m a tio n  on th e  d e t a i l s  o f  th e  p r o c e s s .

In  th e  p r e s e n t  stu d y  th e  r e t e n t i o n  tim e in  th e  M. d is j u n c t a  g u t  

was e s t im a te d  from th e  fr eq u e n c y  o f  d le fa e c a t io n  (a b o u t on ce e v e r y  

35 m in u tes) and th e  f r a c t io n  o f  th e  gjut c o n te n t s  v o id ed  a t  ea c h  d e fa e c a t io n  

(10-15% ). V a lu es  o f  th e s e  q u a n t i t ie s !  r e co rd ed  fo r  o th e r  nem atodes a re  

shown in  T a b le  5 .9 .
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The s p e c ie s  w ith  h ig h  d e f a e c a t io n  r a t e s  m ust a l s o  have h ig h  r a t e s  

o f  in g e s t io n ;  in  P le c t u s  p a lu s t r i s  the? tim e ta k en  t o  f i l l  th e  g u t  was 

e s t im a te d  a t  3 -1 0  m in s . (Duncan e t  a l ,  1 9 7 4 ) . T here i s  c l e a r l y  

c o n s id e r a b le  v a r ia t io n  in  th e  r a t e  a t  ’w hich  fo o d  i s  p a sse d  th rou gh  th e  

g u t ,  b u t i t  c a n n o t be s e e n  from th e  l i m i t e d  d a ta  a v a i l a b l e  w h eth er  

p a r t i c u la r  ta x a  o r  e c o lo g i c a l  grou p s c o n s i s t e n t l y  show h ig h  o r  low  

r a t e s .  The im p l ic a t io n s  o f  r e t e n t io n  tim e fo r  d ig e s t i o n  and th e  p o s s ib l e  

u s e  o f  d is s o lv e d  o r g a n ic  m a tter  f o r  fo o d  a r e  d is c u s s e d  b elow .

C r o fto n  (1 9 6 6 ) s t a t e d  t h a t  in  A s tc a r is  lu m b r ic o id e s  d e fa e c a t io n  i s  

i n i t i a t e d  by a s im p le  r e f l e x :  f e e d in g  in c r e a s e s  th e  body volum e w hich  

p ro d u ces  e lo n g a t io n  (H a r r is  & C r o fto n , 1957) and a  s t r e t c h  r e c e p to r  in  

th e  t a i l  th e n  t r ig g e r s  th e  c o n tr a c t io n i  o f  th e  a n a l d i l a t o r  m u sc le . The 

fr eq u e n c y  o f  d e fa e c a t io n  i s  d i r e c t l y  r » e la te d  t o  th e  o e so p h a g e a l pum ping  

r a t e .  A s im i la r  sy stem  a p p ea rs to  o p e r a t e  in  P a n a g r e llu s  s i l u s i a e , w here  

d e fa e c a t io n  o c c u r s  when f e e d in g  h a s im c r e a se d  th e  body volum e t o  a c r i t i c a l  

v a lu e  (M apes, 1 9 6 5 ) . In  c o n t r a s t  t o  t i h i s ,  C r o l l  & Sm ith  (1 9 7 8 ) fou n d  th a t  

in  C a e n o r h a b d it is  b r ig g s a e  d e fa e c a t io n i  fr eq u en cy  was in d ep en d en t o f  f e e d in g  

r a t e ,  and th a t  com ponents o f  t h e  d e fa e tc a t io n  c y c l e  co n tin u e d  t o  ap pear  

in  i s o l a t e d  h ead s and t a i l s .  They com clu d ed  t h a t  th e  c y c le  i s  a t  l e a s t  

p a r t ly  c o n t r o l l e d  by an en d ogen ous p acem ak er. A sy stem  w ith  a pacem aker  

w ould  seem m ost s u i t a b l e  f o r  a nem atodle w ith  a s h o r t  r e t e n t io n  t im e .

M. d is j u n c t a  may w e l l  h ave a sy s te m  s i m i l a r  t o  th a t  in  A s c a r is  and  

P a n a g r e l lu s .

Com parison o f  th e  r e t e n t io n  tim e) in  t h e  M. d is j u n c t a  g u t ( s e c t i o n

5 . 2 . 9 . )  w ith  th e  t im e -c o u r s e  o f  uptake? ( s e c t i o n  5 . 2 . 4 . )  and l o s s

32( s e c t i o n  5 . 2 . 5 . )  o f  l a b e l  in d ic a t e s  th .a t  P was b e in g  a s s im i la t e d  

r a th e r  th an  m erely  a c c u m u la tin g  in  the? g u t .  I f  a f t e r  24h f e e d in g ,  l a b e l  

in  th e  g u t  formed a h ig h  p r o p o r t io n  of' th e  t o t a l  body l a b e l ,  th e n , ev e n  

a l lo w in g  f o r  th e  f a c t  th a t  th e  a s s im i l  a t io n  r a t e  w i l l  n o t  rea ch  i t s  

maximum u n t i l  th e  g u t i s  f u l l  o f  l a b e l  le d  fo o d , th e  in c r e a s e  in  l a b e l
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d u r in g  th e  f i r s t  24h f e e d in g ,  d u r in g  wttiich th e  g u t  i s  f i l l e d ,  w ould  b e

g r e a t e r  than  th a t  d u r in g  su b seq u en t 241h p e r io d s .  In  f a c t ,  in  th e

e x p e r im e n t d e s c r ib e d  in  s e c t i o n  5 . 2 . 4 .  a v ery  s im i la r  amount o f  l a b e l

was ta k e n  up in  each  o f  th e  th r e e  24h { p e r io d s . T h is  s u g g e s t s  th a t  the

r e s u l t s  o f  even  a 24h f e e d in g  exp er im em t w i l l  ap p ro x im a te  more c l o s e l y

t o  a s s i m i l a t i o n  th an  t o  i n g e s t i o n .  T h iis  would be e x p e c te d  i f  th e

r e t e n t i o n  tim e  i s  a s  s h o r t  a s  4h 40 m im s and i f  a s s i m i l a t i o n  e f f i c i e n c y

i s  o f  th e  same o rd er  a s  th e  59.8% reco ird ed  fo r  P e lo d e r a  by M archant and

N ic h o la s  (1 9 7 4 ) .

32The P a s s im i la t e d  by M. d i s j u n c t a  in  th e  p r e s e n t  s tu d y  m ust have

3come e i t h e r  from th e  b a c t e r i a l  c e l l s  oir from s o l u t i o n .  U ptake o f  H or  

14C from s o l u t io n s  o f  l a b e l l e d  g lu c o s e  h as b een  d em o n stra ted  in  th e

o n ch o la im id s  Pontonem a v u lg a r i s  (C h ia  a n d  W arwick, 1969) and Adoncholaim us

th a la s so p h y g a s  (L op ez e t  a l .  1 9 7 9 ) .  Om th e  o th e r  hand, T ie t j e n  and L ee

14(1 9 7 5 ) found t h a t  Rhabdi t i s  m arina d id  n o t  ta k e  up C from s o l u t io n s  o f

s e v e r a l  l a b e l l e d  com pounds. C h ia  and W arwick (1 9 6 9 ) u sed  a u to ra d io g ra p h y

to  show th a t  i n  P . v u lg a r is  u p ta k e  was v i a  th e  g u t  r a th e r  th a n  through

32th e  c u t i c l e .  I t  i s  l i k e l y  t h a t  in  th e  p r e s e n t  s tu d y  d is s o lv e d  P was

in  th e  form e i t h e r  o f  in o r g a n ic  io n s  oir o f  p o la r  o r g a n ic  m o le c u le s .  The

c u t i c l e  o f  A p h elen ch us av en a e  h a s v ery  low  p e r m e a b il i ty  t o  su c h  su b s ta n c e s

(C a str o  and Thomason, 1 9 7 3 ) . I t  t h e r e f o r e  seem s p ro b a b le  t h a t  any

32
a s s im i la t io n  o f  d is s o lv e d  P by M. d izs.ju n cta  w i l l  have been  v i a  th e  g u t;

a u to ra d io g ra p h y  would be th e  b e s t  way <of c o n f ir m in g  t h i s .

The p o s s i b i l i t y  o f  u p ta k e o f  d i s s o l v e d  l a b e l  was in v e s t ig a t e d  in

th e ex p er im en t d e s c r ib e d  in  s e c t io n  5 . : 2 .6 .  In  th e  f i r s t  p a r t  o f  t h i s

ex p er im en t u p ta k e  was n o t m easured , bu t  i t  i s  r e a s o n a b le  to  assum e th a t

i t  was s im i la r  t o  t h a t  m easured in  t h e  ex p er im en ts  d e s c r ib e d  in  5 . 2 . 2 .

4and 5 . 2 . 5 . ,  and t o  ta k e  a f ig u r e  o f  2..'5x10 CE f o r  u p ta k e  o v er  a 24h

32
p e r io d . I f  in  th e  ex p er im en t d e s c r ib e d  in  s e c t io n  5 . 2 . 6 . ,  P was 

u n ifo rm ly  d is t r ib u t e d  th ro u g h o u t th e  s u s p e n s io n ,  t h i s  amount o f  l a b e l
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was p r e s e n t  in  a volum e o f  2 .2 7 x 1 0  cnn .  U sin g 1 A n d r a ssy 's  form u la  

(A n d ra ssy , 1 9 5 6 ) .

2
G = a  b 

16x10®

w here G = body w e ig lh t in  p g

a = g r e a t e s t  tbody w id th  i n  pm

b = g r e a t e s t  tbody le n g t h  in  pm.

- 3and assu m ing  a  d e n s i t y  o f  lO g cm , t h e  volum e o f  a  M. d is j u n c t a  o f  body 

le n g th  600um and maximum body w id th  25ypm can  be e s t im a te d  a s  0 .2 7 x 1 0
3

cm , An upper e s t im a te  o f  t h e  g u t  vo lum e i s  30% o f  th e body v o lu m e,

3  32
i . e .  0 .0 8 x 1 0  cm . So i f  P was u n ilform ly  d i s t r ib u t e d  in  th e  s u s p e n s io n ,

and u p tak e was o n ly  v ia  th e  g u t ,  th en  e v e n  i f  a s s i m i l a t i o n  e f f i c i e n c y

was 100%, th e  g u t w ould have had t o  be f i l l e d  2837  t im e s  in  2 4 h , i . e .

o n ce  ev ery  30 s e c s . ,  i f  th e  o b serv e d  u p ta k e  was t o  be a c h ie v e d . I f  l a b e l

was o n ly  tak en  up from s o lu t io n  and th e  f i n a l  v a lu e  o f  2 . 6 % o f  th e  l a b e l

i n  s o l u t io n  i s  assum ed to  h ave h e ld  th ro u g h o u t th e  2 4 h , and i f  a s s i m i l a t i o n

e f f i c i e n c y  f o r  d is s o lv e d  la b e l  was 50%„ th en  th e  r e q u ir e d  r a t e  o f  f i l l i n g

th e  g u t becom es o n ce  e v e r y  0 .4  s e c s .  T h is  c l e a r l y  was n o t o c c u r r in g .

A nother way o f  lo o k in g  a t  t h e s e  r e s u l t s  i s  th a t  i f  th e  r e t e n t io n  tim e

—8  3was 4h 40 m in s .,  th e  g u t volum e was 8 x 1 0  cm , 2.6% o f  th e l a b e l  was 

in  d is s o lv e d  form and was a s s im i la t e d  w i t h  an e f f i c i e n c y  o f  50%, and 

th e  su sp e n s io n  was in g e s t e d  u n s e l e c t i v e l y , th en  0.0023%  o f  th e  o b se r v e d  

u p ta k e  o f  l a b e l  c o u ld  have been  o b ta in e d  from s o l u t i o n .

The nem atodes m ust th e r e fo r e  h a v e  b een  o b ta in in g  l a b e l  in  a 

c o n c e n tr a te d  form , presum ably  e i t h e r  from  th e  b a c t e r ia  o r  from mucus 

th r e a d s . L ab el in  b o th  t h e s e  forms w i l l  h ave b een  r e ta in e d  on th e  M i l l ip o r e  

f i l t e r s  in  th e  ex p er im en t d e s c r ib e d  in  s e c t i o n  5 . 2 . 6 .  I t  seem s u n l ik e ly  

fo r  two r e a s o n s  th a t  much o f  th e  la b e l  a s s im i la t e d  came from mucus th r e a d s .  

F i r s t l y ,  in  th e  second  p a r t  o f  t h i s  e x p e r im e n t, nem atodes p la c e d  in  a
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s o lu t io n  c o n t a in in g  l a b e l  a t  th e  c o n c e n t r a t io n  a t  which i t  was p r e s e n t  a t

th e  end o f  th e  f i r s t  p a r t ,  w h ich  was p jrob ab ly  th e  maximum c o n c e n t r a t io n

32rea ch ed  d u r in g  th e  24h p e r io d ,  f a i l e d  to  ta k e  up P d e s p i t e  p ro d u c in g  

c o p io u s  m ucus. S eco n d ly  u p ta k e  o v er  2l4h was s im i la r  w h eth er th e  b a c t e r ia  

w ere p r e s e n te d  i n  SW o r  in  0.2% SW ag a ir . In  th e  l a t t e r  c a s e ,  th e  nem atodes  

moved c o n t in u o u s ly  th rou gh  t h e  agar amd d id  n o t  form mucus a g g r e g a te s  

( s e c t i o n  5 . 2 . 3 . ) .

32I t  th u s a p p ea rs th a t  M. d is j u n c t ta  can  a s s i m i l a t e  P from b a c t e r i a l  

c e l l s .  T ie t j e n  e t a l  (1 9 7 0 ) and T ie t j j e n  and L ee  (1 9 7 3 ,  1977) h ave u se d  a 

s im i la r  te c h n iq u e  t o  s tu d y  f e e d in g  in  IM onhystera d e n t i c u l a t a . R h a b d it is  

m a r in a , Chromadora m a cro la im o id es and (Chrom adorina germ a n ica . In  t h e s e  

s t u d i e s ,  r e s u l t s  w ere e x p r e sse d  a s  com sum p tion  in  p g  fo o d  nem atode * day * .

The r e s u l t s  o b ta in e d  w ith  M. d is ju n c ta x  s u g g e s t  t h a t  t h e s e  f ig u r e s  w i l l  

in  f a c t  b e  c l o s e r  t o  a s s im i la t io n  tham  to  i n g e s t i o n .  T ie t j e n  and L e e ' s  

ex p er im en ts  w ere co n d u c ted  o v e r  24h whien b a c t e r ia  w ere th e  fo o d  and 72h  

when a lg a e  w ere u s e d . The r e t e n t io n  ttim e M. d e n t i c u la t a  i s  p ro b a b ly  

s im i la r  t o  t h a t  in  M. d i s j u n c t a . and s ih o r t  r e t e n t io n  tim es h ave b een  

r e co rd ed  f o r  r h a b d it id s  ( s e e  d is c u s s io m  a b o v e ) . R e te n t io n  tim e s  i n  

chrom adorids have n ev er  been  m easured ,, b u t in  s m a ll  nem atodes su ch  a s  

C. m a cro la im o id es  and C . germ an ica  a r e  l i k e l y  t o  be much l e s s  th an  2 4 h .

For th e  p u rp ose o f  co m p a r iso n , th e  r e s m l t s  f o r  M. d is j u n c t a  ca n  be e x p r e s s e d  

in  th e  term s u sed  by T ie t j e n  and L e e . I f  th e  s i z e  o f  a b a c t e r ia l  c e l l  i s
_3

1 .5 x 1 .0 x 1 .0pm (T a b le  5 . 1 . ) ,  and i t s  d e n s i t y  i s  l .O g  cm , th en  th e

* 4 —2d a i ly  con su m p tion  (2 .5 x 1 0  c e l l s )  w e ig h s  3 .7 5 x 1 0  p g .

The m ost r e le v a n t  com p arison  i s  b etw een  M. d is j u n c t a  and M. d e n t i c u l a t a .

T ie t j e n  and L ee (1 9 7 7 ) u se d  10 s t r a in s ;  o f  b a c t e r ia  su sp en d ed  in  SW a t  a 

6 8 «3
d e n s ity  o f  10 -1 0  c e l l s  cm . "C onsum ption” v a r ie d  from z e r o  w ith  

some s t r a i n s  to  0 -3 6  p g  nem atode * dayf * w ith  o t h e r s ,  w ith  an a v er a g e  

o f 0 .0 5 7 p g  nem atode * day With on l;y  o n e  s t r a in  d id  "consum ption"  

exceed  0 .0 3 5 p g  nem atode * day * . M. d le n t ic u la t a  a l s o  "consumed" d ia tom s
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and c lh lo ro p h y  t e s , a t  r a t e s  v a r y in g  from j u s t  above z e r o  to  0 . 2 p g  nem atode *

- 1
day A lg a e  w ere n o t u sed  in  th e  ex p er im en ts  w ith  M. d is j u n c t a  b eca u se  th e r e  

was e w id e n c e  t h a t  th e s e  w ere n o t  consumed in  th e  f i e l d  ( s e c t i o n  4 . 2 . 1 1 . ) .  

T ie t j e n  and L ee (1 9 7 7 ) u se d  th e  same 10 b a c t e r i a l  s t r a in s  to  s tu d y

fe e d im g  in  R. m a r in a . The maximum "consum ption" r a te  was 0 .0 3 5 p g

- 1  - 1  - 1nematcode day , th e  a v er a g e  o v er  th e  1 0  s t r a i n s  was 0 .0 1 8 jig  nem atode

- 1  »
day . T ie t j e n  et. _al (1 9 7 0 ) p r e s e n te d  d i f f e r e n t  s t r a in s  to  t h i s  s p e c i e s ;

- 1  - 1h e r e  th e  maximum r a t e  was much h ig h e r ,  0 .8 1 p g  nem atode day . R. m arina

a l s o  (consumed d ia to m s and c h lo r o p h y t e s , a t  up to  1 . 6 p g  nematode * day

w ith  ;average "consum ption" o f  0 .2 3  and 0 .4 j ig  nem atode * day * in  two s e t s

o f  e x p e r im e n ts  ( T i e t j e n  and L ee , 1 9 7 7 ) .

C . m a cro la im o id es and C . germ anica  consumed o n ly  v er y  sm a ll am ounts

o f  b a < c te r ia , b u t "consum ption" o f  a lg a e  (d ia to m s  and c h lo r o p h y te s )  was

h ig h , th e  maximum r a t e  and th e  a v era g e  r a t e  o v er  th e  s t r a in s  u sed  b e in g

- 1  -11 4 .0  ;and 2 .2 p g  nem atode day fo r  C. m a cro la im o id es and 4 .7  and 2 .1 6 |ig  

- 1 - 1nematiode day fo r  C. germ an ica  ( T i e t j e n  and L e e , 1 9 7 3 , 1 9 7 7 ).

Duncan ejt al^ (1 9 7 4 ) s t u d ie d  fe e d in g  o f  th e  fr e sh w a te r  nem atode

P lec fru s  p a l u s t r i s  on th e  b a c ter iu m  A c in e t o b a c te r . The b a c t e r ia  w ere  

14la b e l . l e d  w ith  C , washed and p r e s e n te d  to  th e  nem atodes a t  a d e n s i t y  o f  

9 - 35-10x:10 c e l l s  cm . F ee d in g  was f o r  v ery  s h o r t  p e r io d s ,  2 -5  m in .,  so

t h a t  in  t h i s  c a s e  in g e s t io n  r a th e r  th an  a s s i m i l a t i o n  was b e in g  m easured;

i t  wais e s t im a te d  th a t  t h e  t im e  tak en  to  f i l l  t h e  g u t was betw een  3 and

10 m in u te s . E x tr a p o la t io n  o f  th e  m easured r a t e  o f  consum ption  gave

«'>9.7'5pg nem atode * day M ercer and C a irn s  (1 9 7 3 ) u sed  r e sp ir o m e tr y

and c :a lo r im e tr y  t o  o b ta in  an en erg y  b u d g et f o r  th e  r h a b d it id  P e lo d e r a

ch itw ro o d i. The r a t e  o f  in g e s t io n  o f  th e fo o d  ( a  g r a m -n eg a tiv e  b a cter iu m )

was c a l c u l a t e d  from t h e s e  r e s u l t s  a s  «« 1 0  ̂ b a c t e r ia  day * fo r  an a d u lt

- 1  - 1m ale ( l - l * 5 p g  nem atode day ) .  Soyza  (1 9 7 3 ) u sed  m easurem ents o f  th e  

o e s o p h a g e a l  pumping r a t e  and th e volum e pumped a t  each  c o n tr a c t io n  to  

e s t im a t e  th e  r a t e  a t  w h ich  A phelenchus av en a e in g e s t e d  th e  fungus
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B o t r y t is  c in e r e a . The c a lc u la t e d  ratte  was 26% o f  th e  body w e ig h t day 1

-1  -1( 0 .4 - 0 .5 p g  nem atode day ) ,  b u t com jpaarison w ith  th e  o th e r  com ponents  

o f  th e  en erg y  budget in d ic a t e d  th a t  t lh i is  was p ro b a b ly  an u n d e r e s t im a te .

In  th e s e  l a s t  th r e e  s t u d ie s  in g je s s t io n  r a th e r  than  a s s im i la t io n  was 

m easured. K now ledge o f  th e  a s s im ila t: ic o n  e f f i c i e n c y  i s  n e c e s s a r y  i f  th e  

r e s u l t s  a re  t o  b e compared w ith  th o s e  cof T i e t j e n  ejt a l  (1 9 7 0 ) ,  T ie t j e n  

and L ee (1 9 7 3 , 1977) and th e  p r e s e n t  ssttudy. As m entioned  a b o v e , M archant 

and N ich o la s  (1 9 7 4 ) m easured th e  a s s in n i i la t io n  e f f i c i e n c y  in  a P e lo d e r a  s p .  

fe e d in g  on b a c t e r ia  as 59.8% . I f  a  f ig g u r e  o f  60% i s  assumed to  a p p ly  to  

th e  o th e r  s p e c i e s ,  th en  a s s im i la t io n  r a a te s  w ere: 5 .8 5 p g  nem atode * day * 

fo r  P . p a l u s t r i s , 0 .6 - 0 .9 p g  day * fo r  PP. c h i t w o o d i , and 0 .2 4 - 0 .3 p g  day * 

f o r  A. a v en a e .

A com parison  o f  t h e  r e s u l t s  o f  th ie s e  v a r io u s  s t u d ie s  le a d s  to  s e v e r a l

c o n c lu s io n s .  The two ch ro m a d o r id s, f e e d i n g  on a lg a e ,  had much h ig h e r

maximum a s s im i la t io n  r a t e s  th an  d id  amy; o f  th e  b a c t e r ia l  f e e d e r s .  In  th e

ex p er im en ts  by T ie t j e n  and L e e , b a c t e r i l a  and a lg a e  w ere  u sed  a t  th e  same 

6  8  - 3
c e l l  d e n s i t y  ( 1 0  - 1 0  c e l l s  cm ) ; in  mnost n a tu r a l s i t u a t i o n s  a lg a e  w ould  

be p r e s e n t  a t  much lo w er  d e n s i t i e s  th a n i b a c t e r ia .  V ery d i f f e r e n t  a s s i m i l a t i o n  

r a t e s  w ere o b ta in e d  w ith  d i f f e r e n t  a lg a ie ;  th e  phenomenon o f  s e l e c t i v e  

f e e d in g  i s  d is c u s s e d  b e lo w .

T here i s  a l s o  c o n s id e r a b le  v a r ia a ttio n  among th e v a lu e s  o b ta in e d  f o r  

a s s im i la t io n  r a t e s  in  b a c t e r i a l  f e e d e r s ; .  The r e s u l t s  f o r  M. d is j u n c t a  

a re  s im i la r  t o  th o s e  f o r  M. d e n t i c u l a t a i . and come a t  th e  bottom  end  o f  

th e  range fo r  b a c t e r ia l  f e e d e r s .  Parlt o f  t h i s  v a r ia t io n  i s  a g a in  l i k e l y  

t o  be due to  s e l e c t i v e  fe e d in g ;  to  o b lta iin  a r e a l i s t i c  e s t im a te  o f  

maximum fe e d in g  r a t e s  a  w id e  ran ge o f  b ia c t e r ia  sh o u ld  be t e s t e d .  A n oth er  

p ro b a b le  so u r c e  o f  v a r ia t io n  i s  th e  d i f f e r e n c e  i n  th e  d e n s it y  o f  th e  

b a c t e r ia l  s u s p e n s io n s  u sed  by d i f f e r e n t :  w o r k e rs . The h ig h e s t  f e e d in g  

r a t e s  w ere th o s e  m easured by Duncan ejt a l  (1 9 7 4 ) who u sed  a s u s p e n s io n  

50 to  100 tim es  a s  d en se  a s  th o s e  u se d  in  t h e  p r e s e n t  s tu d y . N ic h o la s  

e t  a l  (1 9 7 3 ) found th a t  when C a e n o r h a b d lit is  b r ig g s a e  was fe d  on aqueous
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s u s p e n s io n s  o f  E . c o l i , th e  d e c r e a s e  in  th e number o f  b a c t e r ia  w ith  tim e  

fo l lo w e d  a n e g a t iv e  e x p o n e n t ia l  e q u a tio n  when b a c t e r i a l  m u l t ip l i c a t io n  was 

r e s t r i c t e d .  T h is  in d ic a t e s  th a t  a c o n s ta n t  volum e o f  s u s p e n s io n  was 

f i l t e r e d / i n g e s t e d  p er u n i t  t im e  o v er  a w ide ra n g e  o f  b a c t e r ia l  d e n s i t i e s ,  

and th u s  th a t  th e  c e l l  in g e s t io n  r a t e  was d i r e c t l y  p r o p o r t io n a l to  c e l l  

d e n s i t y .  A t h ir d  fa c to r  i s  t h a t  th e  nem atodes u se d  in  th e  v a r io u s  s t u d ie s  

w ere o f  d i f f e r e n t  s i z e s ;  body w et w e ig h ts  ra n g e  from «/>0.3pg fo r  M. d is j u n c t  a  

to  </> 1 .8 p g  f o r  A. a v en a e .

F u rth er  s t u d ie s  a re  needed  b e fo r e  i t  w i l l  becom e c l e a r  how much o f  

th e  o b se r v e d  v a r ia t io n  in  f e e d in g  r a t e  betw een d i f f e r e n t  s p e c ie s  i s  th e  

r e s u l t  o f  d i f f e r e n c e s  in  e x p e r im e n ta l te c h n iq u e  and how much i s  r e a l ,  

and how any r e a l  d i f f e r e n c e s  a r e  r e la t e d  to  d i f f e r e n c e s  in  f e e d in g  

m echanism  o r  are  c h a r a c t e r i s t i c  o f  p a r t i c u la r  taxonom ic grou p s.

I t  i s  n o t  known w h eth er th e  d i f f e r e n t i a l  u p ta k e  o f  l a b e l  from  

d i f f e r e n t  fo o d  organ ism s s e e n  in  th e  ex p er im en ts  by T ie t j e n  and Lee and 

in  th e  p r e s e n t  s tu d y  i s  th e  r e s u l t  o f  s e l e c t i v e  i n g e s t i o n ,  s e l e c t i v e  

d ig e s t io n  o r  b o th . I f  s e l e c t i v e  in g e s t io n  o ccu rred  in  th e  ex p er im en ts  

w ith  M. d i s j u n c t a . s e l e c t i o n  must h ave b een  on th e  b a s is  o f  ch em ic a l  

d i f f e r e n c e s ,  o r  p o s s ib ly  d i f f e r e n c e s  in  s u r fa c e  t e x t u r e ,  s i n c e  very  

d i f f e r e n t  l e v e l s  o f  u p ta k e  w ere  reco rd ed  from d i f f e r e n t  b a c t e r ia  o f  

s im i la r  s i z e  and sh a p e . I t  w ould be i n t e r e s t i n g  to  run a s e r i e s  o f  

c h o ic e  cham ber ex p er im en ts  w ith  th e s e  b a c t e r ia ,  t o  s e e  i f  M. d is j u n c t a  

w i l l  move tow ard s th o s e  s t r a i n s  from w hich  u p ta k e  was g r e a t e s t .

Though in c o n c lu s iv e ,  t h e  ex p er im en t d e s c r ib e d  in  s e c t io n  5 . 2 . 7 .  

d id  s u g g e s t  t h a t  v ia b le  c e l l s  o f  th e  b acteriu m  ML04, from w h ich  M. d is j u n c t a  

d id  n o t  a s s i m i l a t e  much l a b e l  ( s e c t i o n  5 . 2 . 2 . ) ,  w ere  p a ssed  th rou gh  th e  

g u t .  S in c e  in  m o n h y ster id s  breakdown o f  th e  fo o d  m ust be l a r g e l y  ch em ica l  

r a th e r  th an  m e c h a n ic a l, any s e l e c t i v e  d ig e s t io n  w h ich  o c c u r s  i s  p rob ab ly  

th e  r e s u l t  o f  c h e m ic a l d i f f e r e n c e s  in  the c e l l  w a l l s  o f  d i f f e r e n t  fo o d  

org a n ism s r e n d e r in g  them more or  l e s s  s u s c e p t ib le  t o  a t ta c k  by th e  

nem atode*s d i g e s t i v e  enzym es. One m ajor d i f f e r e n c e  in  b a c t e r ia l  c e l l
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w a l l s  i s  b etw een  th o s e  o f  g r a m -p o s it iv e  and g ra m -n eg a tiv e  b a c t e r i a .  The 

one g r a m -p o s it iv e  s t r a in  u sed  in  th e  p r e s e n t  s tu d y  was ML03. A s s im ila t io n  

from t h i s  s t r a in  was low , o f  th e  same o rd er  as from  th e  g ra m -n e g a tiv e  

s t r a in s  ML04 and ML05, w h ile  a s s im i la t io n  from ML01, a l s o  g r a m -n e g a t iv e ,  

was much h ig h e r .  I t  d oes n o t  th e r e f o r e  seem  th a t  th e  gram r e a c t io n  i s  

c o r r e la t e d  w ith  s u i t a b i l i t y  a s  fo o d  f o r  M. d i s j u n c t a . N o th in g  fu r th e r  

i s  known a b o u t th e c e l l  w a l l  c o m p o s it io n  o f  t h e s e  fo u r  s t r a i n s .  No 

s tu d y  was made o f  enzym es in  th e  M. d is j u n c t a  g u t .  J e n n in g s  and D eu tsch  

(1 9 7 5 )  found a  p o s i t i v e  r e a c t io n  f o r  p -g lu c u r o n id a s e  in  a group o f  c e l l s  

a t  th e  ju n c t io n  o f  th e  o eso p h a g u s and th e  i n t e s t i n e  in  M. d e n t i c u l a t a , 

and co n c lu d ed  from th e  p o s i t io n  o f  t h e s e  c e l l s  and t h e i r  m ero cr in e  

g la n d u la r  n a tu r e  t h a t  th ey  w ere s e c r e t i n g  t h i s  enzym e w hich  th e n  a c te d  

e x t r a c e l l u l a r l y  in  th e  lum en o f  th e  g u t .  In  D ip lo la im e l la  s p .  (M o n h y s te r id a e ) , 

D eu tsch  (1 9 7 8 ) found u l t r a s t r u c t u r a l  e v id e n c e  t h a t  th e  o e so p h a g e a l gland  

c e l l s ,  th e  c e l l s  o f  th e  o e s o p h a g o - in t e s t in a l  v a lv e  and the a n t e r io r  fo u r  

c e l l s  o f  th e  i n t e s t i n e  w ere s e c r e t o r y .  However th e  o n ly  enzyme a c t i v i t y  

w h ich  was d em o n stra ted  was n o n - s p e c i f i c  e s t e r a s e  a c t i v i t y  p r e s e n t  

th ro u g h o u t th e  lumen o f  th e  i n t e s t i n e .  I f  D ip lo la im e l la  was w e l l  fed  and 

th en  s ta r v e d , th e  i n t e s t i n e  was s t i l l  f u l l  o f  u n d ig e s te d  food  c e l l s  

a f t e r  s e v e r a l  d a y s ,  in d ic a t in g  th a t  th e  r a t e  o f  lu m in a l d ig e s t io n  was lo w . 

T h ere was an u n u su a l f i b r i l l a r  m a tr ix  th rou gh  w h ich  food  m o le c u le s  had 

t o  p a ss  to  e n t e r  th e  i n t e s t i n a l  c e l l s .  The f i n a l  s t a g e s  o f  d ig e s t io n  

w ere i n t r a c e l l u l a r ,  in v o lv in g  ly s o s o m e s . "P igm ent g r a n u le s " , p ro b a b ly  

s im i la r  t o  th o s e  i n  D ip lo la im e l la  some o f  w hich  w ere d em o n stra ted  to  be  

ly s o s o m e s , a re  p r e s e n t  in  th e  i n t e s t i n a l  c e l l s  o f  M. d i s j u n c t a .

The d i g e s t i v e  p h y s io lo g y  o f  two o th e r  m arin e nem atodes h as b een  

in v e s t i g a t e d .  In  Chrom adorina g erm a n ica . J e n n in g s  &- D eu tsch  (1 9 7 5 )  

found no p -g lu c u r o n id a s e  a c t i v i t y ,  w h ich  seem s a p p r o p r ia te  fo r  a nem atode 

in  w hich  th e  c e l l  w a l l s  o f  th e  fo o d  a r e  broken in  th e  b u c c a l c a v i t y  and 

o n ly  th e  c e l l  c o n te n t s  in g e s t e d .  D eu tsch  (1 9 7 8 ) d em on stra ted  o n ly  e s t e r a s e
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a c t i v i t y  in  th e  g u t o f  t h i s  s p e c i e s ;  th e  f i n a l  s t a g e s  o f  d ig e s t i o n  were 

a g a in  i n t r a c e l l u l a r ,  in v o lv in g  a com plex  s e t  o f  ly s o s o m e s . J e n n in g s  and 

Colam (1 9 7 0 ) s u g g e s te d  th a t  i n  th e  o n ch o la im id  Pontonenia v u lg a r i s  th e  

o eso p h a g ea l g la n d s  produced an e s t e r a s e ,  th e  a c id o p h i l ic  and b a s o p h i l ic  

c e l l s  s e c r e t in g  s e p a r a te  p r e c u r s o r s  w hich  r e a c te d  to  g iv e  th e  a c t iv e  

enzym e when m ixed in  th e  g u t .  In  b o th  th e s e  s p e c i e s  th e  i n t e s t i n a l  c e l l s  

ap peared  t o  p a ss  through  a s e c r e t o r y  p h a se , b u t i t  i s  n o t  known what th e  

s e c r e t io n s  c o n ta in e d .

A w ide ran ge o f  enzym es i s  known from nem atode p a r a s i t e s  o f  p la n t s  

and a n im a ls  ( s e e  e . g .  L e e , 1965; F a ir b a ir n ,  1969; R o g e r s , 1 9 6 9 ) . The 

l i m i t a t i o n s  o f  th e  norm al h is to c h e m ic a l  te c h n iq u e s  may be th e  c a u se  o f  th e  

f a i l u r e  t o  d em o n stra te  a g r e a te r  v a r i e t y  o f  enzym es in  th e  g u ts  o f  m arine  

n em a to d es, p a r t i c u la r ly  i f  th e  am ounts o f  enzym es s e c r e t e d  a re  as sm a ll  

a s i s  s u g g e s te d  by th e  o b s e r v a t io n s  o f  D eu tsch  (1 9 7 8 ) on th e s lo w n e ss  o f  

lu m in a l d ig e s t io n  in  D ip lo la im e lla  ( s e e  a b o v e ) . G iven  th e  p r e s e n t  s t a t e  

o f  k now ledge i t  i s  d i f f i c u l t  to  ju d g e  w h eth er s e l e c t i v e  d ig e s t io n  co u ld  

a cc o u n t fo r  th e  la r g e  d i f f e r e n c e s  in  t h e  r a t e s  w ith  w h ich  m arine nem atodes  

a s s i m i l a t e  l a b e l  from a p p a r en tly  s i m i l a r  fo o d  m icro o rg a n ism s. I t  has b een  

shown t h a t  s e l e c t i v e  d ig e s t i o n  o f  b a c t e r ia  o c c u r s  in  e s t u a r in e  o l i g o c h a e t e s ,  

and fu rth erm o re  th a t  ea ch  o f  th r e e  sy m p a tr ic  s p e c ie s  p r e f e r e n t i a l l y  

d ig e s t e d  d i f f e r e n t  b a c t e r ia  (B r in k h u r s t  and Chua, 1969; B r in k h u r st , 1970;

Wavre and B r in k h u r s t , 1971; Chua and B r in k h u r s t , 1 9 7 3 ) .

U p tak e o f  la b e l  by j u v e n i l e  M. d is j u n c t a  from a s u s p e n s io n  o f  1IL01 

was d em o n stra ted  in  th e  ex p er im en t d e s c r ib e d  in  s e c t io n  5 . 2 . 8 .  The tim e  

c o u r se  o f  u p ta k e  and th e  r e t e n t io n  tim e  in  j u v e n i l e s  w ere n o t  in v e s t ig a t e d ,  

bu t i t  i s  p r o b a b le  th a t  a s s im i la t io n  was o c c u r r in g  -  th e  r e t e n t io n  tim e  

i s  u n l ik e ly  t o  be lo n g e r  in  j u v e n i l e s  than  i n  a d u l t s .  The j u v e n i l e s  u sed  

w ere o f  th e  s m a l le s t  s i z e  p r e s e n t  in  th e  s to c k  c u l t u r e s  and w ere  

presum ably n ew ly  h a tch ed . I t  seem s p o s s ib l e  th a t  by th e  tim e  th e  food  

r e s e r v e s  in  th e  eg g  a re  e x h a u s te d , j u v e n i l e  M. d is j u n c t a  a r e  j u s t  a t  th e  

s i z e  w here t h e  b u c ca l c a v i t y  i s  la r g e  enough t o  a llo w  them to  fe e d  on b a c t e r ia .
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CHAPTER 6

FIELD AND LABORATORY STUDIES OF DECOMPOSITION

6 . 1 .  FIELD STUDY

6 . 1 . 1 .  Methods

On 1 1 th  O cto b er , 1979 tw enty  0 - c l a s s  (1 9 7 9 ) L . s a c c h a r in a  p la n ts

w ere c o l l e c t e d  from th e  d eep er  p a r t  o f  th e  k e lp  zone a t  th e  W ish in g  W ell

by c a r e f u l l y  d e ta c h in g  th e  h o ld f a s t s  from th e  su b stra tu m . T hese p la n t s  

w ere th en  ta k en  back to  th e  la b o r a to r y  i n  b a th s  o f  s e a w a te r . The fron d  

l e n g th  o f  ea ch  p la n t  was m easured and th e  p la n t s  w ere numbered by t y in g  

around th e  b a se  o f  th e  s t i p e  a l a b e l ,  15x10cm in  s i z e ,  c u t  from a s h e e t  

o f  f l e x i b l e  w h ite  p l a s t i c  and numbered w ith  a f e l t - t i p  p e n . At th e  

W ish in g  W ell a l i n e  had p r e v io u s ly  b een  l a i d  a lo n g  th e  b ottom  p e r p e n d ic u la r  

to  th e  s h o r e  from -lm  to  -28m , anchored  a t  ea ch  end w ith  o i l  drums f i l l e d  

w ith  c o n c r e t e .  The tw in e  w h ich  a tta c h e d  l a b e l s  to  th e  s t i p e s  was a ls o  

u sed  t o  a t t a c h  th e  p la n t s  t o  th e  l i n e ,  ab o u t 40cm a p a r t a t  a  d ep th  o f  

18-20m . A tta ch ed  by th e  s t i p e  and l y i n g  on th e  b ottom , th e  p la n t s  w ere  

f r e e  to  s trea m  o u t in  th e  c u r r e n t .

A fte r  3^ , 6 , 10 and 14 w eeks th e  fro n d  le n g t h s  o f  a l l  rem a in in g

p la n t s  w ere m easured . On each  o c c a s io n  " d isd 'a n d  "d ecom p osin g  t i s s u e "  

nem atode sam p les w ere ta k en  from one p la n t  a s  d e s c r ib e d  i n  C h a p ter  4 ,  

and th e  same p la n t  was th en  c u t  from th e  l i n e  and ta k en  back t o  th e  

la b o r a to r y ,  w here n a k ed -ey e  o b s e r v a t io n s ,  f lu o r e s c e n c e  and b r i g h t f i e l d  

m icro sco p y  w ere u se d  to  s tu d y  th e  e p ip h y te s  as d e s c r ib e d  in  C h a p ter  3 .
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6 . 1 . 2 .  R e s u lt s

6 . 1 . 2 . 1 .  D e c r e a se  in  le n g th  o f  th e  fro n d s

The m easurem ents o f  fron d  l e n g t h  ta k en  a f t e r  3^ , 6 , 10 and 14 w eeks 

a r e  p lo t t e d  in  F ig .  6 . 1 .  The number o f  p la n t s  rem a in in g  to  be m easured  

was s m a l le r  a t  each  s u c c e s s iv e  sa m p le . T h is  was b eca u se  some p la n t s  

t o r e  th rou gh  a t  th e  f r o n d - s t ip e  j u n c t io n .  For a s  lo n g  as p la n t s  rem ained  

a t ta c h e d  t o  th e  l i n e ,  d e c o m p o s it io n  in v o lv e d  g ra d u a l d i s t a l  l o s s  o f  t i s s u e .  

The r a t e  o f  l o s s  v a r ie d  b oth  betw een  p la n t s  and, fo r  ea ch  p la n t ,  b etw een  

th e  fo u r  i n t e r v a l s  b etw een  sa m p les . T h is  was p ro b a b ly  b eca u se  t i s s u e  

was l o s t  in  la r g e  p ie c e s  in  th e  way d e s c r ib e d  in  C h a p ter  2 .  O v e r a l l ,  th e  

r a t e  o f  l o s s  was f a i r l y  c o n s ta n t  th ro u g h o u t th e  14-w eek  p e r io d , a t  5cm 

week *.

6 . 1 . 2 . 2 .  D is t r ib u t io n  o f  d eco m p o sin g  t i s s u e

S c a le  d raw ings o f  th e  p la n t s  u sed  f o r  th e  nem atode and e p ip h y te  

sam p les a r e  g iv e n  in  F ig .  6 . 2 .

0  w eeks

Wing and d im p led  t i s s u e  was m is s in g  above 45cm . The c e n t r a l  t i s s u e  

had h o le s  and a r e a s  w ith o u t  m eristo d erm  a s fa r  back a s  40cm. As fa r  

back a s  15cm th e  w in g  t i s s u e  showed dam age, h a v in g  many sm a ll h o le s  and  

p i t s .  Around th e  t i p ,  th e  d ecom p osin g  a rea s w ere s m a l l ,  e x te n d in g  in  

. f o r  o n ly  2-3mm from  th e  fron d  e d g e .

3^ w eeks

O nly th e  c e n t r a l  t i s s u e  rem ained  above 40cm; t h i s  c e n t r a l  t i s s u e  

had on e la r g e  h o le  ( lx l .4 c m )  a t  52cm and s m a ll  a r e a s  w ith o u t m eristo d erm  

a s  fa r  back as 20cm . D ecom posing a r e a s  around th e  frond  t i p  w ere  a g a in  

s m a ll .  As fa r  b ack  a s  15cm th e  w in g  t i s s u e  showed a s im i la r  amount o f  

damage t o  t h a t  p r e s e n t  a t  0  w e ek s , and th e r e  was no e x t e n s iv e  d ev elo p m en t  

o f  decom posin g  t i s s u e  around th e  p o in t s  o f  damage.



1



FIG. 6 .1 .  D ecrea se  in  le n g th  o f  L . s a c c h a r in a  fro n d s t i e d  to  l i n e .
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6 , 2 . S c a le  d raw in gs o f  p la n t s  u sed  fo r  nem atode and 
e p ip h y te  sa m p le s .
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6 weeks

The t i p  o f  t h i s  fro n d  was a lm o st sq u a r e , as though  i t  had r e c e n t ly  

to r n  a c r o s s .  The w in gs and dim pled  t i s s u e  w ere m is s in g  ab ove 35cm. H o les  

and p i t s  w ere p r e s e n t  in  t h e  w in g  t i s s u e  a s  fa r  back a s  20cm . D ecom posing  

a r e a s ,  b o th  a t  th e  fro n d  t i p  and around p o in t s  o f  dam age,w ere a g a in  s m a l l .

1 0  w eeks

The w in g  and d im pled  t i s s u e  had b een  l o s t  above 25cm . The re m a in in g  

w in g  t i s s u e  showed some a re a s  o f  damage back t o  15cm. The d eco m p o sin g  

a r e a s  around th e  fro n d  ed g e  w ere s m a l l ,  a s  in  th e  3^ and 6  week sa m p le s .

At th e  extrem e fro n d  t i p ,  h ow ever, th e  s i t u a t i o n  was d i f f e r e n t .  The t i p  

was a g a in  r a th e r  s q u a r e , s u g g e s t in g  t h a t  t e a r i n g - o f f  had o c c u r r e d . In  

a d d i t io n  t o  th e  u s u a l sm a ll decom posin g  a re a s  th e r e  w as a  zo n e  w here th e  

m eristo d erm  was i n t a c t  b u t th e  t i s s u e  was s o f t  and a p p a r e n tly  d eco m p o sin g , 

( F i g .  6 . 3 . ) .

soft tissue

FIGURE 6 . 3 . T ip o f  th e  10-w eek fr o n d , sh o w in g  d i s t r i b u t i o n  o f  
decom posin g  a r e a s  and s o f t  t i s s u e .
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14 weeks

The w in g and d im p led  t i s s u e  had been  l o s t  above 10cm. A reas o f  

d ecom p osin g  t i s s u e  around th e  t i p  and ed g es  w ere la r g e r  than in  p r e v io u s  

sa m p le s , and s o f t  t i s s u e  was more e x t e n s iv e  than in  th e  1 0 -w eek  sa m p le .

6 . 1 . 2 . 3 .  Frond s u r fa c e  -  la r g e  a n im a ls

When l a i d  down, th e  fr o n d s  had a sm a ll  number o f  Lacuna v in c t a  and

G ib b u la  c in e r a r e a  ( s e e  s e c t i o n  3 . 3 . ) .  T hese g a str o p o d s  rem ained  on th e

fr o n d s fo r  th e  f i r s t  6  w eek s; none w ere s e e n  on th e  10-w eek and 14-w eek

p la n t s .  A sm a ll  number o f  S p ir o r b is  w ere a l s o  p r e s e n t  when th e  fr o n d s

w ere p u t down. F u rth er  c o lo n iz a t io n  o ccu rred  w h ile  th e  p la n t s  w ere t ie d

- 2
to  th e  l i n e .  A f t e r  10 w eeks th e  d e n s it y  on th e  fro n d  t i p  was 5-8cm  ;

t h i s  d e c r e a s e d  down th e  fro n d  and none w ere se e n  on th e  b a s a l  1 0 cm.

N e ith e r  t h e , S p ir o r b is  i n i t i a l l y  p r e s e n t  nor t h a t  w hich  s e t t l e d  d u r in g  th e  

ex p er im en t was i d e n t i f i e d ,  s o  i t  i s  n o t known w h eth er th e y  w ere  th e  same 

s p e c i e s .  C o lo n ie s  o f  th e  b ryozoan  M embranipora w ere p r e s e n t  on th e  upper  

p a r ts  o f  th e  fr o n d  a t  th e  s t a r t  o f  th e ex p er im en t ( s e e  s e c t io n  3 . 9 . ) .

The t i s s u e  c a r r y in g  th e s e  c o l o n i e s  was soon  l o s t ,  and no fu r t h e r  

c o lo n iz a t io n  by bryozoan s took  p la c e .  S e v e r a l  a n im a ls w h ich  w ere n ev er  

see n  in  th e  k e lp  zon e c o lo n iz e d  th e  fr o n d s .  Young sp ec im en s o f  th e  queen  

s c a l lo p  Chlam ys o p e r c u la r is  ( L .)  w ere found  a tta c h e d  by b y s s u s  th r e a d s;

4 on th e  6 -w eek  p la n t  and 1 on th e  10-w eek p la n t .  Young sp ec im e n s  o f  th e

s t a r f i s h  A s t e r ia s  rubens L . w ere a l s o  found; 2 on th e  3^-w eek p la n t ,

1 on th e  6 -w eek  p la n t  and 1 on th e  10-w eek p la n t .  One la r g e  s p id e r

crab  Hyas a ra n eu s (L .)  was found s h e l t e r in g  under th e  6 -w eek  p la n t .  A 

mucus tu b e  p ro b a b ly  b e lo n g in g  to  a p o ly c h a e te  was a t ta c h e d  t o  th e  

14-w eek p la n t ,  b u t i t s  in h a b ita n t  was n o t s e e n .
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6 . 1 . 2 . 4 .  Frond s u r fa c e  -  a lg a l  e p ip h y te s

0  weeks

S m all s ta n d s  o f  th e  d iatom  Licm ophora w ere p r e s e n t  a t  th e  fro n d  t i p  

a s  d e s c r ib e d  in  s e c t i o n  3 .5 .  The s i z e  o f  s ta n d s ,  th e  d e n s ity  o f  s ta n d s  

and th e  d e n s it y  o f  c e l l s  w ith in  s ta n d s  a l l  d e c r e a se d  down th e  fr o n d  and 

n one w ere see n  b e lo w  40cm. A sm a ll  number o f  clum ps o f  e c to c a r p o id  f i la m e n ts  

( s e e  s e c t io n  3 . 6 . ) ,  m ost o f  th e  f i la m e n t s  o f  w h ich  w ere dead, w ere p r e s e n t  

ab ove 75cm.

3^ w eeks

A few sm a ll s ta n d s  o f  L icm ophora w ere p r e s e n t  a t  th e  fro n d  t i p  

and s c a t t e r e d  c e l l s  were s e e n  back to  30cm. Two sm a ll clum ps o f  e c to c a r p o id  

f i la m e n t s ,  m a in ly  d ead , w ere s e e n .

6  weeks

A few  sm a ll s ta n d s  o f  Licm ophora w ere  se e n  a t  th e  frond  t i p ,  th e

-2o v e r a l l  d e n s it y  in  t h i s  r e g io n  b e in g  ^ 2 0  c e l l s  mm ; no Licm ophora  

w ere p r e s e n t  below  35cm. No e c to c a r p o id  f i la m e n ts  w ere s e e n .  One 

n o ta b le  f e a t u r e  was th e  p r e s e n c e  o v e r  m ost o f  th e fro n d  s u r fa c e  o f  sm a ll  

numbers o f  s ed im en t-m u c ila g e  a g g r e g a te s .  A t y p ic a l  exam ple was 70x20um  

in  s i z e  and c o n ta in e d  18 sed im en t g r a in s  in  th e  s i z e  ra n g e  1 . 2 - 9 . 0pm.

1 0  w eeks

O nly a few s c a t t e r e d  Licm ophora w ere p r e s e n t  a t  th e  fron d  t i p ,  and 

no e c to c a r p o id  f i la m e n t s  w ere s e e n .  S ed im en t-m u c ila g e  a g g r e g a te s ,  as  

d e s c r ib e d  a b ove, w ere p r e s e n t  on a l l  p a r t s  o f  th e  fr o n d .

14 w eeks

No Licm ophora o r  e c to c a r p o id  f i la m e n ts  w ere s e e n ,  b u t s e d im e n t-  

m u c ila g e  a g g r e g a te s  w ere p r e s e n t .
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6 . 1 . 2 . 5 .  Frond s u r fa c e  -  b a c t e r ia

As on p la n ts  g ro w in g  in  th e  k e lp  z o n e  ( s e c t i o n  3 0 4 . ) ,  th e  b a c t e r i a l  

f l o r a  o f  i n t a c t  fron d  s u r fa c e s  c o n s i s t e d  a lm o st e n t i r e l y  o f  s h o r t  r o d s .  

F lu o r e s c e n c e  co u n ts  w ere made as d e s c r ib e d  in  s e c t io n  3 . 1 . 3 . ,  and th e  

r e s u l t s  a re  p r e s e n te d  in  F ig .  6 . 4 .  The b a c t e r i a l  d e n s i t i e s  w ere s im i la r  

t o  th o s e  reco rd ed  from p la n t s  in  th e  k e lp  zon e ( F i g .  3 . 4 . ) .  More b a c t e r ia  

w ere p r e s e n t  on th e  fr o n d  t i p  th an  on th e  m eristem ; th e r e  was no o b v io u s  

ch an ge i n  d e n s it y  d u r in g  th e  c o u r se  o f  th e  14-w eek p e r io d .

6 . 1 . 2 . 6 .  The community on d ecom p osin g  t i s s u e

In  a l l  p la n t s  exam ined , th e  community on th e  d ecom p osin g  t i s s u e  was

s i m i l a r  to  th a t  s e e n  ai th e  d ecom posin g  t i s s u e  o f  p la n t s  l i v i n g  i n  th e

k e lp  z o n e  ( s e e  s e c t i o n  3 . 1 0 . ) .  R od-shaped  b a c t e r ia  w ere a lw ays p r e s e n t ;

th e s e  in c lu d e d  s h o r t  r o d s , some w ith  o r a n g e - f lu o r e s c in g  c a p s u le s ,  and

lo n g e r  r o d s , some cu rv ed  (p ro b a b ly  F l e c t o b a c i l l u s ) . F ila m en to u s  b a c te r ia

in c lu d e d  sm a ll u n i c e l l u l a r  and m u l t i c e l l u l a r  f i l a m e n t s ,  and a l s o  L e u c o th r ix

th e  maximum abundance o f  L e u c o th r ix  on gro w in g  p la n t s  c o in c id e d  w ith  the

e a r ly  p a r t  o f  t h e  ex p e r im e n ta l p e r io d .  C i l i a t e s  (p re d o m in a n tly  H o lo s t ic h a

and E u p lo te s )  and f l a g e l l a t e s  w ere u su a lly a b u n d a n t . An a p o c h lo r o t ic

N j t z c h ia  s p e c ie s  ap peared  w ith in  t h e  f i r s t  th r e e  w eeks o f  th e  ex p e r im e n t

—2and was se e n  in  a l l  su b seq u en t sa m p le s , r e a c h in g  a d e n s i t y  o f  ^Omm  

in  th e  6 -w eek sa m p le . T h is was a p p a r e n tly  th e  same s p e c ie s  as l a t e r  

(J a n u a ry  1980) c o lo n iz e d  th e  d ecom p osin g  t i s s u e  o f  p la n t s  in  th e  k e lp  

zo n e ; a p o c h lo r o t ic  d ia to m s are  d is c u s s e d  i n  s e c t i o n  3 .1 0 .3 .

The s u r fa c e s  o f  t h e  a rea s  o f  s o f t  t i s s u e  w hich  d e v e lo p e d  in  th e  

l a t e r  p a r t  o f  th e  ex p er im en t ( s e e  s e c t i o n  6 . 1 . 2 . 2 . )  d id  n o t  ca r r y  a 

m ic r o b ia l  community n o t ic e a b ly  d i f f e r e n t  from th a t  o f  o th e r  i n t a c t  fr o n d -  

t i p  s u r f a c e s .  I f  th e  ’’s o f tn e s s "  was th e  r e s u l t  o f  d e c o m p o s it io n , t h i s  

m ust h ave been  i n t e r n a l .
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FIG. 6 , 4 . R e su lts  o f  f lu o r e s c e n c e  co u n ts  o f  b a c te r ia  during: 
th e  d ecom p osition  experim en t.
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6 . 1 . 2 . 7 .  The nem atodes

T a b le  6 .1 .  shows th e  r e s u l t s  o f  th e  d is c  sa m p les; th e  s p e c i e s

c o m p o s it io n  o f  th e  decom posin g  t i s s u e  sam p les i s  shown in  F ig .  6 . 5 .  The

nem atode fau n a  was dom inated  by M onhystera d is .ju n c ta , M. r e f r in g e n s  and

C. n u d ic a p i t a t a , th e  th r e e  s p e c ie s  w hich  w ere abundant on l i v i n g  p la n ts

d u r in g  th e  sam e p e r io d . The s p e c i e s  co m p o s it io n  o f  th e  fau n a  o f  th e

O-week p la n t  w a s, as w ould be e x p e c te d , in t e r m e d ia te  b etw een  t h a t  o f  th e

Septem ber and November sam p les in  th e  b im on th ly  s e r i e s  (C h a p ter  4 ) .  Over

th e  14 w eeks o f  th e  ex p er im en t th e  r e l a t i v e  abundance o f  M. d i s j u n c t  a

in c r e a s e d ;  t h i s  p a r a l l e le d  th e  change on th e  l i v i n g  p la n t s  d u r in g  t h i s

p e r io d . As i n  th e  b im on th ly  sa m p le s , nem atodes were a lm o st  a b s e n t  from

th e  m eristem  and m id -fro n d  s u r f a c e s .  On th e  f r o n d - t ip  s u r f a c e  th e

-2nem atode d e n s i t y ,  0.4cm  , was s im i la r  t o  th o s e  reco rd ed  in  th e  Septem ber

and November b im o n th ly  sa m p le s . L en g th -fr eq u e n c y  h is to g r a m s  f o r  

M. d is j u n c t a  from each  sam ple a r e  g iv e n  in  F ig .  6 . 6 . The o n ly  rem arkab le  

f e a t u r e  o f  t h e s e  i s  th e  u n u s u a lly  h ig h  p r o p o r t io n  o f  v ery  la r g e  in d iv id u a l s  

in  the 6 -w eek  sam ple; fo r  w hich  th e r e  i s  no o b v io u s  e x p la n a t io n .

D is c u s s io n

The r a t e s  o f  b a s a l  grow th and d i s t a l  t i s s u e  l o s s  in  l i v i n g  

L . s a c c h a r in a  p la n t s  w ere d is c u s s e d  in  s e c t io n  2 . 2 . 3 .  From th e s e  r e s u l t s  

i t  can  b e e s t im a te d  th a t  ov er  th e  14-w eek  p e r io d  o f  th e  ex p er im en t, sm a ll  

1979 p la n t s  in  th e  k e lp  zo n e  w ould  h a v e  shown 20-25cm  o f  b a s a l  grow th  and  

60-70cm  o f  d i s t a l  l o s s .  The s i t e  o f  th e  d eco m p o sitio n  e x p e r im e n t, a t  a depth  

o f  18 to  20cm b elow  C .D . , was w e l l  b e lo w  th e lo w er  l i m i t  a t  w h ich  

L . s a c c h a r in a  grows ( -7m , s e e  C h ap ter  2 ) , so  b a s a l  grow th in  th e

e x p e r im e n ta l p la n t s  w i l l  have b een  m in im a l, and th e  o b se r v e d  d e c r e a s e  

in  le n g t h  can  be eq u a ted  to  d i s t a l  t i s s u e  l o s s .  T h is  was a g a in  60-70cm  

o v e r  th e  14-w eek p e r io d .  S in c e  wave a c t io n  was presu m ab ly  l e s s  a t  th e  

e x p e r im e n ta l s i t e  th an  in  th e  k e lp  z o n e , th e  e x t e n s io n  o f  d ecom p osin g  

a r e a s  may have c o n tr ib u te d  more to  th e  p r o c e ss  o f  t i s s u e  l o s s ,  b u t th e
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SAMPLE 3 TIP DISCS COMBINED MID-FROND DISC MERISTEM DISC

0  week M. d is j u n c t a 3 C. n u d ic a p ita ta  1 -

M. r e f r in g e n s 6

C. n u d ic a p i ta ta 2

3^ week M. d is j u n c t a 2 - -

6  week M. d is j u n c t a 3

o n c h o la im id 1

1 0  week M. d is j u n c t a 5 - -

14 week M. d is j u n c t a 14 No sam ple No sam p le

TABLE 6 . 1 . N em atodes found in  t i p  d is c  sam ples ta k e n  d u r in g  th e  
d e c o m p o s it io n  e x p er im en t.





FIG. 6 . P r o p o r t io n  o f  th e  d i f f e r e n t  nem atode s p e c i e s  in  th e  
d ecom p osin g  t i s s u e  sa m p les  tak en  d u r in g  th e  d ec o m p o s itio n  
ex p e r im e n t.
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FIG. 6 . 6 . O v e r a ll  le n g th - fr e q u e n c y  h is to g ra m s fo r  M onhystera
d is j u n c t a  from each  sam ple ta k en  d u r in g  th e  d e c o m p o s it io n  
ex p er im en t.
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p r o c e s s  and r a t e  o f  d e c o m p o s it io n  w ere e s s e n t i a l l y  th e  same as th e  p r o c e s s  

o f  d i s t a l  t i s s u e  l o s s  in  l i v i n g  p la n t s .

K elp  t i s s u e  i s  g e n e r a l ly  c o n s id e r e d  to  decom pose more r a p id ly  than  

d e t r i t u s  d e r iv e d  from an giosp erm s su ch  as S p a r t in a  o r  s e a g r a s s e s  (Mann, 

1 9 7 6 ) .

The o b s e r v a t io n s  on Licm ophora and e c to c a r p o id  f i la m e n t s  on th e  

e x p e r im e n ta l p la n ts  a r e  c o n s i s t e n t  w ith  th e  h y p o th e s is  t h a t  th e s e  e p ip h y te s  

w ere l o s t  w ith  d i s t a l  t i s s u e  and th a t  no r e p r o d u c t io n  o r  c o lo n iz a t io n  

o c c u r r e d . A fte r  14 w eek s th e  t i s s u e  a t  th e  b a se  o f  t h e  ex p er im en ta l  

p la n t s  was o f  a p p ro x im a te ly  th e  same a g e  as th e  t i s s u e  a t  th e  t i p  o f  

p la n t s  rem a in in g  in  th e  k e lp  zo n e . The l a t t e r  had b o th  Licm ophora and 

e c to c a r p o id  f i la m e n t s ,  th e  form er had n e i t h e r .  An a l t e r n a t iv e  e x p la n a t io n  

f o r  t h i s  i s  th a t  th e  grow th  o f  th e s e  e p ip h y te s  i s  l im i t e d  by in h ib i t o r y  

s u b s ta n c e s  ( s e e  s e c t i o n  3 .1 3 . )  th e  e f f e c t  o f  w h ich  i s  a lw ays g r e a t e r  in  

th e  b a s a l  t i s s u e  o f  a fr o n d , even  when, b e c a u se  b a s a l  grow th  i s  s lo w  o r  

z e r o ,  th e  b a s a l t i s s u e  i s  o ld ,  i . e .  t h a t  th e  g r a d ie n t  o f  e f f e c t  i s  p o s i t i o n -  

d ep en d en t r a th e r  than  a g e -d e p e n d e n t.

In  th e  c a s e  o f  frond  s u r fa c e  b a c t e r ia ,  th e  h y p o th e s is  o f  a p o s i t i o n -  

d ep en d en t g r a d ie n t  in  in h ib i t o r y  e f f e c t  d o es  n o t  e n t i r e l y  e x p la in  th e  

o b serv e d  r e s u l t s .  Over th e  14-w eek  p e r io d  th e  d e n s ity  o f  b a c t e r ia  on th e  

b a s a l  p a r ts  o f  th e  ex p e r im e n ta l fro n d s in c r e a s e d .  On th e  o th e r  hand, th e  

d e n s it y  in  t h i s  r e g io n  a t  th e  end  o f  14 w eeks was l e s s  th an  t h a t  on th e  

t i p - s u r f a c e  o f  l i v i n g  p la n t s ,  s o  some p o s i t i o n a l  e f f e c t  may be in v o lv e d .

The g r e a te r  abundance o f  sed im e n t-m u c ila g e  a g g r e g a te s  on th e  

e x p e r im e n ta l p la n ts  th an  on l i v i n g  p la n ts  i s  p rob ab ly  th e  r e s u l t  o f  th e  

p r e s e n c e  o f  f i n e r  sed im en t a t  th e  d e e p -w a te r  s i t e .

There was no c o lo n iz a t io n  by nem atode s p e c i e s  o th e r  th an  th o s e  

p r e s e n t  in  th e  O-week sa m p le . G erla ch  (1 9 7 7 ) found  th a t  S a b a t ie r ia  m igran s  

J e n se n  and G erla ch  was a t t r a c t e d  to  p ie c e s  o f  s a r d in e  b u r ie d  in  th e  

se d im e n t . The d ecom posin g  L am inaria  fr o n d s  w ere in  c o n t a c t  w ith  th e
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sed im en t fo r  much o f  th e  t im e , b u t t o  c o l o n i z e  them , a sed im en t nem atode 

w ould  h ave had t o  move i n t o  a h a b ita t  w ith  c o m p le te ly  d i f f e r e n t  p h y s ic a l  

p r o p e r t ie s .  C o n firm a tio n  th a t  M. d is j u n c t a  i s  n o t  d ep en d en t on d iatom s  

o r  on e c to c a r p o id  f i la m e n t s  i s  p ro v id ed  by th e  o b s e r v a t io n  th a t  th e  

s e a s o n a l  in c r e a s e  in  th e  abundance o f  t h i s  s p e c ie s  w hich  was se e n  on th e  

l i v i n g  p la n t s  a l s o  o cc u r red  on th e  d ecom p osin g  p la n t s ,  d e s p i t e  th e  

p r o g r e s s iv e  d e c r e a s e  in  th e  abundance o f  th e s e  e p ip h y te s .  The d e c r e a se  

i n  th e  abundance o f  M. r e f r in g e n s  and C . n u d ic a p ita ta  c a n n o t b e ta k en  as  

e v id e n c e  th a t  th ey  w ere d ep en d en t on su ch  e p ip h y te s  b eca u se  a t  th e  same . 

tim e th e  abundance o f  th e s e  two nem atodes on th e  l i v i n g  p la n t s  d ecr ea sed  

in  a s i m i l a r  way d e s p i t e  th e  la c k  o f  a d e c r e a s e  in  th e  abundance o f  t h e s e  

e p ip h y t e s .

6 .2 .  LABORATORY EXPERIMENTS ON DECOMPOSITION

T hese w ere d es ig n e d  to  i n v e s t i g a t e  t h e ' e f f e c t  o f  n em atod es, 

p a r t i c u la r ly  M. d i s j u n c t a .o n  th e  r a t e  o f  d e c o m p o s it io n  o f  d i s c s  o f  

L . s a c c h a r in a  fro n d  t i s s u e  in  th e  la b o r a to r y .  Oxygen con su m p tion  o f  

decom posin g  d i s c s  was u sed  a s  a m easure o f  th e  d e co m p o sitio n  r a t e .

6 . 2 . 1 .  D esig n  o f  th e  r e s p ir o m e te r  ( F ig .  6 . 7 . ) .

The body o f  t h e  chamber was made from P e r sp e x , th e  b a se  from a  tu b e  

and a s h e e t ,  th e  l i d  from a  s o l i d  b lo c k .  The l i d  and b a se  screw ed  to g e th e r  

and an 0 - r in g  (A) p ro v id e d  an a i r t i g h t  s e a l .  Tubes B and C w ere 1 /1 6  

in c h  in t e r n a l  d ia m ete r  s t a i n l e s s  s t e e l .  The c o n ic a l  sh a p e  o f  th e  upp er  

p a r t  o f  th e  chamber a llo w e d  a i r  t o  b e  d is p la c e d  th rou gh  tu b e C by ru n n in g  

i n  w a te r  through  tu b e  B w h ile  g e n t ly  ta p p in g  th e  r e s p ir o m e te r .  The 

p l a s t i c  j a c k e t  (D) o f  th e  oxygen  e l e c t r o d e  ( s e e  b elow ) was cem ented  in t o  

th e  l i d .  A rem ovab le s h e l f  (E) w hich  sep a ra ted  th e  sp ecim en  from th e  

m a g n etic  " f le a "  was made from p l a s t i c  d r a in p ip e  (" D u rap ip e" ) and p l a s t i c  

n e t t i n g  (" N e t lo n " ) . W ith th e  s h e l f  and th e  " f le a "  in  p la c e  th e  chamber



FIG. 6 . 7 . The r e s p ir o m e te r .
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3
h e ld  46 .3cm  o f  w a te r . The e le c t r o d e  u sed  was a R ad iom eter E5046 pC>2  

e l e c t r o d e ,  w h ich  was co n n ec ted  t o  a R ad iom eter PHM71 Mk2 pH m eter and a 

c h a r t  r e c o r d e r  (S m ith s  R E 520 .20 ).

A l l  e x p er im en ts  w ere c a r r ie d  o u t in  a w a ter  bath a t  15°C . Between

e x p e r im e n ts  th e  e le c t r o d e  was k ep t in  d i s t i l l e d  w a ter  a t  15°C . I t  was

o
c a l ib r a t e d  d a i l y ,  using* se a w a te r  a e r a te d  t o  s a tu r a t io n  a t  15 C , th e  

oxygen  c o n c e n t r a t io n  o f  w h ich  was ch eck ed  w ith  a W inkler t i t r a t i o n ,  and 

a zero-pC > 2  s o l u t io n  ( a  p in c h  o f  s o l i d  Na2 S0 3  added t o  a 0 . 0 1 M Na2 B4 0 7  

s o l u t i o n ) .

To m easure th e  oxygen  con su m p tion  o f  a L a m in ar ia  d i s c ,  th e  b a se  o f  

th e  r e s p ir o m e te r  was f i l l e d  w ith  o x y g e n -s a tu r a te d  MFSW a t  15°C and th e  

d is c  was l a i d  on th e  s h e l f .  The l i d  was screw ed  on and more s a tu r a te d  

MFSW run i n  th rou gh  a f l e x i b l e  p l a s t i c  tu b e  a t ta c h e d  to  B , d i s p la c in g  a i r  

th rou gh  C . The p l a s t i c  tu b es a t ta c h e d  to  B and C w ere th en  clam ped sh u t  

and th e  r e s p ir o m e te r  was p la c e d  in  th e  w a te r -b a th  on a su b m ers ib le  

m a g n etic  s t i r r e r .  The w a ter  b a th  was th en  co v e r e d  w ith  b la c k  p l a s t i c  to  

e x c lu d e  l i g h t ,  and th e  c h a r t  r e c o r d e r  was sw itc h e d  o n . R eco rd in g  was 

c o n tin u e d  u n t i l  enough o f  a l i n e a r  t r a c e  was o b ta in e d  fo r  i t s  s lo p e  to  

be m easured; t h i s  u s u a l ly  took  </* 30 m in u te s . A f t e r  t h i s  tim e th e  s t i r r e r  

and r e c o r d e r  w ere sw itc h e d  o f f ,  and th e  clam ps on th e  tu b es a tta c h e d  to  

B and C w ere rem oved, a l lo w in g  w a ter  t o  s ip h o n  o u t th rou gh  C, b e in g  r e p la c e d  

by f r e s h  a e r a te d  w a ter  th rou gh  B. When th e  chamber had b een  c o m p le te ly  

f lu s h e d  o u t ,  th e  clam p s w ere r e p la c e d ,  th e  s t i r r e r  and c h a r t  r e c o r d e r  w ere  

s w itc h e d  on a g a in  and a secon d  r e c o r d in g  made. A t h ir d  r e c o r d in g  was 

made i n  th e  same w ay.

B etw een  runs th e d i s c s  w ere k e p t i n  f lo w in g  f i l t e r e d  (Whatman 

Gamma-12 0.3pm  o n - l i n e  f i l t e r )  a e r a te d  se a w a te r  a t  15°C . The in s id e  o f  

th e  r e s p ir o m e te r  was w iped  betw een  ru n s t o  p r e v e n t a  b u ild -u p  o f  b a c t e r ia .
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6 . 2 .2 .  R e s u lt s

U n fo r tu n a te ly  no v ery  u s e f u l  r e s u l t s  w ere o b ta in e d . Two main  

d i f f i c u l t i e s  w ere en co u n tered  w ith  th e s e  e x p e r im e n ts . F i r s t l y ,  th e  

L am in aria  d i s c s  soon  broke u p , e i t h e r  d u r in g  in c u b a t io n  o r  in  th e  

r e s p ir o m e te r , ev en  though th e  s t i r r e r  sp eed  was k e p t to  th e  minimum 

n e c e s s a r y  to  e n su r e  co m p le te  m ix in g . T h is m ight h ave been  a v o id e d  in
t

p a r t  by e n c lo s in g  th e  d i s c s  in  a b ag  made from n o n -b io d eg ra d a b le  m esh.

S e c o n d ly , in  m ost runs th e  m easured r a t e  o f  oxygen  consum ption  was

lo w er  in  each  o f  th e  th r e e  s u c c e s s iv e  r e p l i c a t e  m easurem ents. A p o s s ib l e

e x p la n a t io n  fo r  t h i s  i s  th a t  some o f  th e  organ ism s whose r e s p ir a t io n  r a t e

was b e in g  m easured w ere s e n s i t i v e  to  lo w e r in g  o f  th e  oxygen  c o n c e n t r a t io n ,

d e s p i t e  th e  f a c t  t h a t  t h i s  was n e v e r  a llo w ed  to  f a l l  below  ab ou t 2 0 % o f

os a t u r a t io n  l e v e l  a t  15 C.

For th e s e  r e a s o n s ,  fu r t h e r  e x p e r im e n ta l e f f o r t  was d ir e c t e d  i n t o  

th e  f e e d in g  ex p er im en ts  d e s c r ib e d  i n  C h ap ter  5 ,  w h ich  w ere p ro d u c in g  

r e s u l t s  w ith  few er p ro b lem s. A m ethod s im i la r  t o  t h a t  u sed  by F en ch e l 

(1 9 7 6 ) would p rob ab ly  p ro v e  more s a t i s f a c t o r y  f o r  i n v e s t i g a t i o n s  o f  

d e c o m p o s it io n . c o u ld  be in c o r p o r a te d  in t o  L . s a c c h a r in a  d i s c s  by

a l lo w in g  them t o  p h o to s y n th e s iz e  in  se a w a te r  w ith  added NaH1 4 C0 3 . The 

d is c s  c o u ld  th en  be in c u b a te d  in  s e a w a te r  through  w h ich  a stream  o f  a i r  

was b u b b led , and d e c o m p o s it io n  c o u ld  b e fo llo w e d  by m o n ito r in g  th e  

r e l e a s e  o f  *4 C0 2 .

6 . 2 . 3 .  D is c u s s io n

I t  w ould  be e x p e c te d  from  th e  r e s u l t s  o f  p r e v io u s  s t u d ie s  th a t  

nem atodes w ould  in c r e a s e  th e  r a t e  o f  d e c o m p o s it io n . There a re  s e v e r a l  

m echanism s by w hich  t h i s  m ight o c c u r . Nematodes o f  th e  th r e e  s m a lle r  

s p e c ie s  ( M. d is .ju n c ta . M. r e fr in g e n s  and C . n u d ica p i t a t a ) burrow

i n t o  th e  d ecom p osin g  t i s s u e .  In  s o  d o in g  th ey  must d is r u p t  th e  t i s s u e  

and ex p o se  f r e s h  s u r fa c e s  f o r  c o lo n iz a t io n  by b a c t e r ia .  T h is  e f f e c t  

would be s im i la r  to  th a t  d e s c r ib e d  fo r  la r g e r  in v e r t e b r a t e  d e t r i t i v o r e s
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su ch  as amphipods (F e n c h e l,  1970; H a rg ra v e , 1 9 7 0 ) . As w e ll  a s  e x p o s in g  

new s u r f a c e s ,  nem atodes c o u ld  t r a n s f e r  an inocu lum  o f  b a c t e r ia  to  th e s e  

s u r f a c e s ,  e i t h e r  on th e  body o r ,  in  th e  c a s e  o f  b a c t e r ia l  f e e d e r s ,  v ia  

th e  g u t .  In  th e  l a t t e r  c a s e ,  s e l e c t i v e  d ig e s t io n  and th e p a s s a g e  o f  

v i a b l e  b a c t e r ia  o f  p a r t ic u la r  ty p e s  through  th e  g u t  co u ld  in f lu e n c e  th e  

c o m p o s it io n  o f  th e  m ic r o b ia l f l o r a  w hich  su b s e q u e n tly  d ev e lo p ed  on th e  

new s u r f a c e s .  A nother p o s s ib l e  e f f e c t  i s  th rou gh  in c r e a s in g  b a c t e r i a l  

m eta b o lism . Joh an n es (1 9 6 5 ) found t h a t  b a c te r iv o r o u s  p ro to z o a n s  in c r e a s e d  

th e  r a t e s  o f  d e c o m p o s it io n  p r o c e s s e s .  He s u g g e s te d  th a t  in  th e  ab sen ce  

o f  g r a z in g , n u t r ie n t s  become lo c k e d  up in  b a c t e r i a l  b io m a ss. By f e e d in g  

and e x c r e t io n  th e  p ro to z o a n s  r e g e n e r a te  d is s o lv e d  n u t r ie n t s  w h ich  a re  

th en  a v a i la b le  f o r  fu r th e r  b a c t e r i a l  grow th . The stu d y  by B a r sd a te  e t  a l  

(1 9 7 4 ) h ow ever, d id  n o t c o n firm  t h i s  h y p o t h e s is .  In  th e  m icrocosm s u sed  

in  B a rsd a te* s  s tu d y  th e r e  was ra p id  tu rn o v er  o f  phosphorus in  b o th  grazed  

and u ngrazed  p o p u la t io n s .  T h is  c y c l i n g  was somewhat f a s t e r  and th e  r a t e  

o f  m in e r a l iz a t io n  was fo u r  t im e s  g r e a te r  in  g ra z ed  than  in  u n grazed  sy s te m s .  

H ow ever, e x c r e t io n  by th e  p ro to z o a n  g r a z e r s  a cco u n ted  fo r  o n ly  4% o f  th e  

p hosphorus r e g e n e r a t io n  o f  g ra z ed  sy s te m s . I t  ca n n o t be t o t a l l y  r u le d  

o u t t h a t  g r a z e r s  e x c r e t e  some g ro w th -p ro m o tin g  s u b s ta n c e , b u t i t  seem s  

more l i k e l y  t h a t  th e  m ech a n ica l a c t i v i t y  o f  th e  g r a z e r s  le a d s  t o  m icro

tu r b u le n c e  and th u s  in c r e a s e s  th e  a v a i l a b i l i t y  o f  n u t r ie n t s  o r  o xygen  in  

th e  im m ed ia te  v i c i n i t y  o f  th e  b a c t e r ia ,  o r  t h a t  g r a z in g  s e l e c t s  f o r  

q u ic k ly  grow in g  form s among th e  m ixed a ssem b la g e  o f  b a c t e r ia .  (B a r sd a te  

_et j i l ,  1974; F e n c h e l ,  1976; F en ch e l and H a r r iso n , 1 9 7 6 ).

The s t u d ie s  d is c u s s e d  above h ave u sed  p ro to zo a n  g r a z e r s .  I t  i s  

l i k e l y  t h a t  nem atode g r a z in g  can  h ave s im i la r  e f f e c t s .  The ex p er im en t  

d e s c r ib e d  in  s e c t i o n  5 . 2 .6 . in d ic a t e s  th a t  th e  r a t e  o f  phosphorus e x c r e t io n  

by M. d is .ju n c ta  i s  lo w . On d ecom posin g  L am inaria  t i s s u e ,  p ro to z o a n s  

( c i l i a t e s  and f l a g e l l a t e s )  may w e l l  b e more im p o rta n t than  nem atodes as  

consum ers o f  b a c t e r ia .  The main e f f e c t  o f  th e  nem atodes i s  p ro b a b ly
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t h e r e f o r e  through  th e  m ech a n ica l d is r u p t io n  o f  th e  L am in aria  t i s s u e .

Any in c r e a s e  in  th e  r a t e  o f  in  s i t u  d eco m p o sitio n  a t  th e  frond  t i p  

w i l l  le a d  t o  an in c r e a s e  i n  th e  r a te  o f  le a k a g e  o f  DOM, th e  r a t e  o f  

p ro d u c tio n  o f  f in e  p a r t i c u l a t e  d e t r i t u s ,  and , through an in c r e a s e  in  

th e  r a t e  o f  sp r e a d in g  o f  decom posing  a r e a s , th e  r a t e  o f  l o s s  o f  la r g e  

p ie c e s  o f  t i s s u e  ( F ig ,  3 . 3 . ) .

I



-  143 -

REFERENCES

AARONSON, S . ( 1 9 7 0 ) .  E x p er im en ta l m ic r o b ia l  e c o lo g y . Academic P r e s s ,
New York and London. 236p p .

ALEEM, A.A. ( 1 9 5 0 ) .  D is t r ib u t io n  and e c o lo g y  o f  B r i t i s h  m arine  
l i t t o r a l  d ia to m s. J .  E c o l . ,  38̂  : 7 5 -1 0 6 .

ALEXANDER, R. McN. ( 1 9 7 9 ) .  The I n v e r t e b r a t e s .  Cam bridge U n iv e r s i ty  
P r e s s ,  Cam bridge. 562p p .

ALLANSON, B .R . ( 1 9 7 3 ) .  The f i n e  s t r u c t u r e  o f  th e  p e r ip h y to n  o f  Chara s p .
and P otam ogeton  n a ta n s  from Wytham P ond, O xford and i t s  s i g n i f i c a n c e  
to  th e  m a cro p h y te -p er ip h y to n  model o f  W etzel and A l le n .  F resh w a t. B i o l . ,
3 : 5 3 5 -5 4 2 .

ANDRASSY, I .  ( 1 9 5 6 ) .  D ie  R au m in halts und G ew ichtsbestim m ung d e r  
Fadenwurmer (N em atod en ). A cta  Z o o l.  H ung., 2̂  : 1 -1 5 .

BACKLUND, H.O. ( 1 9 4 5 ) .  Wrack fa u n a . O pusc. e n t .  ( s u p p l . )  : 1 -2 3 6 .

BALLANTINE, D .L. (1 9 7 9 ) .  The d i s t r i b u t i o n  o f  a lg a l  e p ip h y te s  on
m acrophyte h o s t s  o f f s h o r e  from  La P a rg u era , P u er to  R ico . B o ta n ic a  
m a r., 22 : 1 0 7 -1 1 1 .

BARNES, H. (1 9 5 9 ) .  S ea  s u r fa c e  te m p era tu res  a t  M i l lp o r t .  J .  mar. b i o l .
A s s . U .K ., 38 : 4 2 3 -4 2 4 .

BARNES, H. and GOODLEY, E .F.W . (1 9 6 1 ) .  The g e n e r a l hydrography o f  th e  
C ly d e  S ea  A rea, S c o t la n d . P a r t  I : d e s c r ip t io n  o f  th e  a re a ; d r i f t  
b o t t l e  and s u r fa c e  s a l i n i t y  d a ta . B u l l .  mar. E c o l . ,  5̂  : 1 1 2 -1 5 0 .

BARSDATE, R . J . , FENCHEL, T . and PRENTKI , R .T. (1 9 7 4 ) .  P hosphorus c y c le
o f  m odel ec o sy stem s : s i g n i f i c a n c e  f o r  decom poser fo o d  c h a in s  and
e f f e c t  o f  b a c t e r ia l  g r a z e r s .  O ik o s , 2*3 : 2 3 9 -2 5 1 .

BENNET-CLARK, H.C. ( 1 9 7 6 ) .  M echanics o f  nem atode f e e d in g .  In : N.A. C r o l l  
( E d . ) ,  O r g a n iz a tio n  o f  n em atod es, p p . 3 1 3 -3 4 2 . Academic P r e s s ,  New York  
and London.

BERTHOLD, G. ( 1 8 8 2 ) .  B e i t r a g e  zu r  M o rp h o lo g ie  und P h y s io lo g ie  d er  
M e e r e sa lg e n . J b . w i s s .  B o t . ,  ^3 : 5 6 9 -7 1 7 .

BLACK, W .A.P. (1 9 5 0 ) .  S e a s o n a l v a r ia t io n  i n  w e ig h t and ch em ic a l c o m p o s it io n  
o f  th e  common B r i t i s h  L a m in a r ia cea e . J .  mar. b i o l .  As3 . U .K ., 29_ : 4 5 -7 2 ,

BRESSLAU, E . and STEKHOVEN, J .H . Schuurm ans. ( 1 9 4 0 ) .  M arine f r e i le b e n d e  
Nem atoden aus der N o r d see . B r u x e l le s  (M usee H is t .  N a t . ) .  1940 : 1 -7 4 .

BRINKHURST, R.O. ( 1 9 7 0 ) .  D is t r ib u t io n  and abundance o f  t u b i f i c i d  
(O lig o c h a e ta )  s p e c ie s  in  T oronto H arbour, Lake O n ta r io . J .  F is h .
R e s . Bd. C a n ., 27_ : 1 9 6 1 -1 9 6 9 .

BRINKHURST, R.O. and CHUA, K .E . ( 1 9 6 9 ) .  P r e lim in a r y  i n v e s t i g a t i o n  o f  th e  
e x p l o i t a t i o n  o f  some p o t e n t i a l  n u t r i t i o n a l  r e s o u r c e s  by th r e e  sy m p a tr ic  
t u b i f i c i d  o l i g o c h a e t e s . J .  F is h .  R es. Bd, C a n ., : 2 6 5 9 -2 6 6 8 .



-  144 -

BUCHANAN, J .B .  and KAIN, J.M . (1 9 7 1 ) .  M easurem ent o f  th e  p h y s ic a l  and 
c h em ic a l en v iro n m en t. In : N.A. Holme and A.D. M cIntyre ( E d s . ) ,
M ethods fo r  th e  stu d y  o f  m arine b e n th o s , pp . 3 0 -5 8 . B la c k w e ll  
S c i e n t i f i c  P u b l ic a t io n s ,  O xford .

BURTON, N .F . ( 1 9 7 6 ) .  E p ip h y tic  b a c t e r ia  on sea w eed s . P h .D . t h e s i s ,  
U n iv e r s i ty  C o lle g e  o f  N orth  W ales, B angor.

CASTENHOLZ, R.W. ( 1 9 6 1 ) .  The e f f e c t  o f  g r a z in g  on m a r in e  l i t t o r a l  
d ia to m s . E c o lo g y , : 7 8 3 -7 9 4 .

CASTRO, C .E . and THOMASON, I . J .  ( 1 9 7 3 ) .  P erm ea tio n  dynam ics and
o sm o r e g u la t io n  in  A ph elen ch us a v en a e . N e m a to lo g ic a , JJ9 : 1 0 0 -1 0 9 .

CHAN, E .C .S . and McMANUS, E .A . ( 1 9 6 7 ) .  D evelopm ent o f  a method fo r  th e
t o t a l  co u n t o f  m arin e b a c t e r ia  on a l g a e .  Can. J .  M ic r o b io l . ,  J_3 :
2 9 5 -3 0 1 .

CHAN, E .C .S . and McMANUS, E .A . (1 9 6 9 ) .  D i s t r ib u t io n ,  c h a r a c t e r iz a t io n ,  
and n u t r i t i o n  o f  m arin e m icroorgan ism s from th e  a lg a e  P o ly s ip h o n ia  
la n o s a  and A scophyllum  nodosum. C an. J .  M ic r o b io l . ,  _15 : 4 0 9 -4 2 0 .

CHAPMAN, A .R .O . and CRAIGIE, J .S .  ( 1 9 7 7 ) .  S e a so n a l grow th in  L am inaria  
l o n g ic r u r i s  : r e la t i o n s  w ith  d is s o lv e d  in o r g a n ic i  in t e r n a l  r e s e r v e s  o f  
n it r o g e n .  Mar. B i o l . ,  40 : 1 9 7 -2 0 5 . nutrients and

CHAPMAN, A .R .O . and CRAIGIE, J .S .  ( 1 9 7 8 ) .  S e a so n a l grow th  in  L am inaria  
l o n g ic r u r i s  : r e la t i o n s  w ith  r e s e r v e  c a r b o h y d ra te  s t o r a g e  and p r o d u c t io n .  
Mar. B i o l . ,  46  : 2 0 9 -2 1 3 .

CHIA, F .S . and WARWICK, R.M. (1 9 6 9 ) .  A s s im i la t io n  o f  l a b e l l e d  g lu c o s e  
from sea w a ter  by m arin e n em atod es. N a tu re , L o n d ., 224 : 7 2 0 -7 2 1 .

CHITWOOD, B.G. and MURPHY, D.G. ( 1 9 6 4 ) .  O b se r v a t io n s  on two m arin e  
m o n h y ster id s  -  t h e i r  c l a s s i f i c a t i o n ,  c u l t i v a t i o n  and b e h a v io u r .
T ra n s. Am. m ic r o s c . S o c . ,  £ 3  : 3 1 1 -3 2 9 .

CHUA, K .E. and BRINKHURST, R.O. , ( 1 9 7 3 ) .  B a c te r ia  a s  p o t e n t ia l  n u t r i t i o n a l  
r e s o u r c e s  f o r  th r e e  sy m p a tr ic  s p e c i e s  o f  t u b i f i c i d  o l ig o c h a e t e s .
In : L.H. S te v e n so n  and R.R. C o lw e ll  ( E d s . ) ,  E s tu a r in e  m ic r o b ia l  
e c o lo g y ,  p p . 5 1 3 -5 1 7 . Colum bia : U n iv e r s i t y  o f  S o u th  C a r o lin a  P r e s s .

CLOKIE, J .J .P .  and BONEY, A.D. (1 9 7 9 ) .  C h e c k - l i s t  o f  m arine a lg a e  in  
th e  F ir th  o f  C ly d e . S c o t t .  F id . S tu d . 1979 : 3 -1 3 .

CLOKIE, J .J .P .  and BONEY, A.D. ( 1 9 8 0 ) .  C o n c h o c e lis  d i s t r i b u t i o n  in  th e  
F ir th  o f  C ly d e  : e s t im a te s  o f  th e  lo w er  l i m i t s  o f  th e  p h o t ic  z o n e .
J .  ex p . mar. B i o l .  E c o l . ,  46  : 1 1 1 -1 2 5 .

CONOVER, J .T . and SIEBURTH, J.M cN. (1 9 6 4 ) .  The e f f e c t  o f  Sargassum  
d is t r ib u t io n  on i t s  e p ib io t a  and a n t i b a c t e r ia l  a c t i v i t y .  B o ta n ic a  
m a r., Q_ : 1 4 7 -1 5 7 .

COWPER, S.W. ( 1 9 7 8 ) .  The d r i f t  a lg a e  com munity o f  R e d fish  B ay, T ex a s . 
C o n tr . mar. S c i . ,  21_ : 1 2 5 -1 3 2 .

CROFTON, H.D. ( 1 9 6 6 ) .  N em atodes. H u tch in so n  U n iv e r s i t y  L ib r a r y , London, 
160pp.



-  145 -

CROLL, N.A. and SMITH, J.M . ( 1 9 7 8 ) .  I n te g r a te d  b eh a v io u r  in  th e
fe e d in g  p h a se  o f  C a e n o r h a b d it is  e le g a n s  (N em atod a). J .  Z o o l . ,  L o n d .,
184 : 5 0 7 -5 1 7 .

CUNDELL, A .M ., SLEETER, T .D . and MITCHELL, R. ( 1 9 7 7 ) .  M ic r o b ia l
p o p u la t io n s  a s s o c ia t e d  w ith  th e  s u r fa c e  o f  th e  brown a lg a  A scophyllum  
nodosum. M icrob . E c o l . ,  4̂  : 8 1 -9 1 .

DEEGAN, C .E . ,  KIRKBY, R . , RAE, I .  and FLOYD, R. ( 1 9 7 3 ) .  I n s t i t u t e  o f  
G e o lo g ic a l  S c ie n c e s  r e p o r t  7 3 / 9 .  H .M .S.O . L ondon, v i i i  + 42p p . +
4 fo ld o u t  m aps.

DEUTSCH, A. ( 1 9 7 8 ) .  Gut u l t r a s t r u c t u r e  and d i g e s t i v e  p h y s io lo g y  o f  two
m arine n em a to d es, Chrom adorina germ an ica  ( B u t s c h l i ,  1874) and D ip lo la im e l la  
s p . B i o l .  B u l l .  mar. b i o l .  L ab. Woods H o le , 155 : 3 1 7 -3 3 5 .

DONCASTER, C .C . ( 1 9 6 2 ) .  Nematode f e e d in g  m echanism s. 1 . O b se r v a t io n s  
on R h a b d it is  and P e lo d e r a . N e m a to lo g ic a , jJ : 3 1 3 -3 2 0 .

DONCASTER, C .C. ( 1 9 6 6 ) .  Nematode f e e d in g  m echanism s. 2 .  O b se r v a tio n s  
on D ity le n c h u s  d e s tr u c to r  and D. m y celio p h a g u s f e e d in g  on B o t r y t i s  
c in e r e a .  N e m a to lo g ic a , _12 : 4 1 7 -4 2 7 .

DOOLEY, H.D. ( 1 9 7 9 ) ,  F a c to r s  i n f lu e n c in g  w a ter  movements in  th e  
F ir th  o f  C ly d e . E s tu a r . c o a s t ,  mar. S c i . ,  : 6 3 1 -6 4 1 .

DUNCAN, A .,  SCHIEMER, F . , and KLEKO’VSKI, R .Z. ( 1 9 7 4 ) .  A p r e lim in a r y  
s tu d y  o f  f e e d in g  r a t e s  on b a c t e r i a l  fo o d  by a d u lt  fem a les  o f  a 
b e n th ic  n em atode, P le c tu s  p a l u s t r i s  de Man 1 8 8 0 . P o ls k ie  Archwm 
H y d r o b io l . ,  21_ : 2 4 9 -2 5 8 .

FAIRBAIRN, D. (1 9 6 9 ) .  L ip id  com ponents and m etab o lism  o f  A ca n th o cep h a la  
and Nem atoda. In : M. F lo r k in  and B .T . S ch eer ( E d s . ) ,  C hem ical Z o o lo g y ,

: 3 6 1 -3 7 8 . Academ ic P r e s s ,  New Y ork.

FAlRES, R .A. and PARKS, B.H. ( 1 9 7 3 ) .  R a d io is o to p e  L a b o ra to ry  T ech n iq u es .  
B u tte r w o r th s , London, 312pp.

FENCHEL, T . (1 9 6 8 a ) .  The e c o lo g y  o f  m a rin e  m icr o b e n th o s . I I I .  The
r e p r o d u c t iv e  p o t e n t i a l  o f  c i l i a t e s .  O p h e lia , J5 : 1 2 3 -1 2 6 .

FENCHEL, T . (1 9 6 8 b ) .  The e c o lo g y  o f  m arin e m icr o b e n th o s . I I .  The food
o f  m arin e b e n th ic  c i l i a t e s .  O p h e lia , j5 : 7 3 -1 2 1 .

FENCHEL, T . ( 1 9 7 0 ) .  S tu d ie s  on th e  d e c o m p o s it io n  o f  o r g a n ic  d e t r i t u s
d e r iv e d  from  th e  t u r t l e  g r a s s  T h a la s s ia  te s tu d in u m . L im n o l. O c e a n o g r .,
15 : 1 4 -2 0 .

FENCHEL, T . ( 1 9 7 2 ) .  A sp e c ts  o f  decom poser fo o d  c h a in s  in  m arin e
b e n th o s . V erh . d t .  z o o l .  G e s . ,  65 : 1 4 -2 3 .

FENCHEL, T. ( 1 9 7 6 ) .  The s i g n i f i c a n c e  o f  b a c t iv o r o u s  p r o to z o a  in  th e  
m ic r o b ia l  community o f  d e t r i t a l  p a r t i c l e s .  In : J .  C a irn s  ( e d . ) ,
F resh w a ter  M ic r o b ia l C om m un ities, pp . 5 2 9 -5 4 4 . M arcel D ekker, I n c .
New York. 1

FENCHEL, T . and HARRISON, P . ( 1 9 7 6 ) .  The s i g n i f i c a n c e  o f  b a c t e r i a l
g r a z in g  and m in era l c y c l i n g  fo r  th e  d eco m p o s itio n  o f  p a r t i c u l a t e  
d e t r i t u s .  In : J.M. A nderson and A. M acfadyen ( e d s . ) .  The r o l e  o f  
t e r r e s t r i a l  and a q u a t ic  org a n ism s in  d e co m p o sitio n  p r o c e s s e s ,  
pp. 2 8 5 -2 9 9 . B la c k w e ll S c i e n t i f i c  P u b l i c a t io n s ,  O xford .



-  146 -

FRITSCH, F .E . (1 9 4 5 ) .  The s t r u c t u r e  and r e p r o d u c t io n  o f  th e  a lg a e .
V o l. 2 .  Cam bridge U n iv e r s i t y  P r e s s ,  Cam bridge ( x iv )  + 939 pp .

GERLACH, S .A . (1 9 6 5 ) .  F r e ile b e n d e  M eeresnem atoden aus d er G e z e ite n z o n e
von S p itz b e r g e n . V e r o f f . I n s t .  M e e r e s fo r s c h . B rem erh ., _9 : 1 0 9 -1 7 2 .

GERLACH, S .A . (1 9 7 1 ) .  On th e  im p ortan ce  o f  m arin e m eio fau n a  fo r  b en th o s
co m m u n itie s . O e c o lo g ia , j> : 1 7 6 -1 9 0 .

GERLACH, S .A . (1 9 7 7 ) .  A t t r a c t io n  t o  d e c a y in g  organ ism s as a p o s s ib l e
c a u se  f o r  p a tch y  d i s t r i b u t i o n  o f  n em atodes i n  a Bermuda b ea ch .
O p h e lia , J16 : 1 5 1 -1 6 5 .

GERLACH, S .A . ( 1 9 7 8 ) .  F o o d -ch a in  r e la t i o n s h i p s  in  s u b t id a l  s i l t y  sand  
m arine sed im en ts  and th e  r o l e  o f  m e io fa u n a  in  s t im u la t in g  b a c t e r ia l  
p r o d u c t iv i t y .  O e c o lo g ia ,  33_ : 5 5 -6 9 .

GERLACH, S .A . and RIEMANN, F . ( 1 9 7 3 ) .  The Brem erhaven c h e c k l i s t  o f
a q u a tic  n em a to d es. P a r t  I .  V e r o f f .  I n s t .  M e e r e s fo r sc h . B rem erh .,
( s u p p l . )  4 : 1 -4 0 4 .

GERLACH, S .A . and RIEMANN, F . ( 1 9 7 4 ) .  The Bremerhaven c h e c k l i s t  o f  
a q u a tic  n em a to d es. P a r t  I I .  V e r o f f .  I n s t .  M e e r e s fo r sc h . B rem erh ., 
( s u p p l . )  4 : 4 0 5 -7 3 6 .

GERLACH, S .A . and SCHRAGE, M. (1 9 7 1 ) .  L i f e  c y c l e s  in  m arin e m e io b en th o s .
E xperim en ts a t  v a r io u s  tem p era tu res  w ith  M on h ystera  d is j u n c t a  and
T h e r is tu s  p e r t e n u is  (N em a to d a ). Mar. B i o l . ,  9 : 2 7 4 -2 8 0 .

GRAY, J .  and LISSMANN, H.W. ( 1 9 6 4 ) .  The lo c o m o tio n  o f  n em a to d es.
J .  ex p . B i o l . ,  41_ : 1 3 5 -1 5 4 .

HAAS, L.W. and '.YEBB, K .L . ( 1 9 7 9 ) .  N u t r i t io n a l  mode o f  s e v e r a l  non-  
pigm ented  m ic r o f l a g e l l a t e s  from th e  York R iv e r  e s tu a r y , V ir g in ia .
J .  ex p . mar. B io l .  E c o l . ,  39̂  : 1 2 5 -1 3 4 .

HARGRAVE, B .T . ( 1 9 7 0 ) ,  The e f f e c t  o f  a d e p o s i t - f e e d in g  amphipod on th e  
m eta b o lism  o f  b e n th ic  m ic r o f lo r a .  L im n o l. O cea n o g r ., _15 : 2 1 -3 0 .

HARRIS, J .E . and CROFTON, H.D. (1 9 5 7 ) .  S tr u c tu r e  and fu n c t io n  i n  th e  
nem atodes : in t e r n a l  p r e s s u r e  and c u t i c u l a r  s t r u c tu r e  in  A s c a r i s .
J .  e x p . B i o l . ,  j34 : 1 1 6 -1 3 0 .

HATCHER, B.G. , CHAPMAN, A.R.O . and MANN, K.H. ( 1 9 7 7 ) .  An annual ca rb o n  
b u d g et fo r  th e  k e lp  L am in aria  l o n g i c r u r i s . Mar. B i o l . ,  44 : 8 5 -9 6 .

HICKS, G .R.*’« ( 1 9 7 7 ) .  O b se rv a tio n s  on s u b s t r a t e  p r e f e r e n c e s  o f  m arin e
p h y ta l  h a r p a c t ic o id s  (C op ep od a). H y d r o b io lo g ia , 5 £  : 7 -9 .

HORNSEY, I .S .  and HIDE, D. ( 1 9 7 4 ) .  The p r o d u c tio n  o f  a n t im ic r o b ia l
compounds by B r i t i s h  m arine a lg a e .  I .  A n t ib io t ic - p r o d u c in g  m arin e a lg a e .  
B r. p h y c o l. J . ,  j) : 3 5 3 -3 6 1 .

INGLIS, W.G. ( 1 9 6 2 ) .  M arine nem atodes from B a n y u ls -su r -m er  : w ith  a 
r e v ie w  o f  th e  gen u s E u rystom in a . B u l l ,  B r. Mus. n a t .  H i s t .  ( Z o o l . ) ,
8_ : 2 0 9 -2 8 7 .

INGLIS, W.G. and COLES, J.W . ( 1 9 6 1 ) .  The s p e c i e s  o f  R h a b d it is  (N em atoda) 
fou n d  in  r o t t i n g  seaw eed on B r i t i s h  b e a c h e s . B u l l .  B r. Mus. n a t .  H i s t .  
( Z o o l . ) , 2  * 3 2 0 -3 3 3 .



-  147 -

JANSSON, A.M. ( 1 9 6 9 ) .  C o m p etitio n  w ith in  an a lg a l  com m unity.
L im n o lo g ic a , 1_ : 1 1 3 -1 1 7 .

JENNINGS, J .B . and COLAM, J .B . ( 1 9 7 0 ) .  Gut s t r u c t u r e ,  d ig e s t i v e  
p h y s io lo g y  and fo o d  s to r a g e  in  Pontonem a v u lg a r is  (Nematoda:
E n o p lid a ) . J .  Z o o l . ,  L o n d ., 161 : 2 1 1 -2 2 1 .

JENNINGS, J .B . and DEUTSCH, A. ( 1 9 7 5 ) .  The o c c u r r e n c e  and p o s s ib l e  
a d a p t iv e  s i g n i f i c a n c e  o f  B -g lu c u r o n id a s e  and a r y la m id a se  ( ’’ l e u c in e  
a m in o p ep tid a se” ) in  two s p e c ie s  o f  m arine n em a to d es. Comp.
B iochem . P h y s i o l . ,  52A : 6 1 1 -6 1 4 .

JENSEN, V. ( 1 9 6 8 ) .  The p la t e  c o u n t te c h n iq u e . In : T .R .G . Gray and
D. P a rk in so n  ( E d s . ) .  The e c o lo g y  o f  s o i l  b a c t e r ia ,  p p . 1 5 8 -1 7 0 .  
L iv e r p o o l  U n iv e r s i ty  P r e s s ,  L iv e r p o o l .

JOHANNES, R.E. ( 1 9 6 5 ) .  I n f lu e n c e  o f  m arine p r o to z o a  on n u t r ie n t  
r e g e n e r a t io n .  L im n ol. O c e a n o g r ., : 4 3 4 -4 4 2 .

JOHNSTON, C .S . ( 1 9 7 1 ) .  M acroalgae and t h e i r  en v iro n m en t. P ro c . R.
S o c . E d in b ., ( B ) ,  71, : 1 9 5 -2 0 7 .

JOHNSTON, C .S . ,  JONES, R.G. and HUNT, R.O. ( 1 9 7 7 ) .  A s e a s o n a l ca rb o n
b u d g et f o r  a  la m in a r ia n  p o p u la t io n  in  a  S c o t t i s h  s e a - lo c h .
H e lg o la n d e r  w i s s .  M e e r e su n te r s , SO : 5 2 7 -5 4 5 .

JOHNSTON, R . , ADAMS, J .A . and DOOLEY, H .D. ( 1 9 7 4 ) .  Some o b s e r v a t io n s
on th e  hydrograp hy , ch em istry  and p la n k to n  o f  th e  F ir th  o f  C ly d e
i n  r e la t io n  t o  n i t r a t e - r i c h  e f f l u e n t s .  In : C ly d e  E stu a ry  and 
F i r t h ,  NERC P u b l. s e r .  C . ,  No. 1 1 , pp 1 6 -2 1 .

JONES, N .S . and KAIN, J.M . (1 9 6 7 ) .  S u b t id a l  c o lo n iz a t io n  fo l lo w in g  th e
rem oval o f  E c h in u s . H e lg o la n d er  w i s s .  M e e r e su n te r s , _1® : 4 6 0 -4 6 6 .

KAIN, J.M . ( 1 9 6 2 ) .  A sp e c ts  o f  th e  b io lo g y  o f  L am in ar!a  h y p erb o rea .
I .  v e r t i c a l  d i s t r i b u t i o n .  J .  mar, b i o l .  A ss . U .K ., 42  : 3 7 7 -3 8 5 .

KAIN, J.M . ( 1 9 7 5 ) .  A lg a l r e c o lo n iz a t io n  o f  some c le a r e d  s u b t id a l  a r e a s .
J .  E c o l . , 63 : 7 3 9 -7 6 5 .

KAIN, J.M . ( 1 9 7 6 ) .  The b io lo g y  o f  L am inar!a  h y p e rb o rea . V I I I .  Growth on
c le a r e d  a r e a s .  J ,  mar, b i o l .  A ss . U .K ., 56  : 2 6 7 -2 9 0 .

KAIN, J.M . ( 1 9 7 7 ) .  The b io lo g y  o f  L am in aria  h y p e rb o rea . X. The e f f e c t  o f
d ep th  on some p o p u la t io n s .  J .  mar. b i o l .  A s s . U .K ., 57 : 5 8 7 -6 0 7 .

KAIN, J.M . ( 1 9 7 9 ) .  A v iew  o f  th e  gen u s L a m in a r ia . O ceanogr. mar. B io l ,  
ann. R e v ., \7 . : 1 0 1 -1 6 1 .

KHAILOV, K.M. and BURLAKOVA, Z .P . ( 1 9 6 9 ) .  R e le a s e  o f  d is s o lv e d  o r g a n ic  
m a tter  by m arin e sed im en ts  and d i s t r i b u t i o n  o f  t h e i r  t o t a l  o r g a n ic  
p r o d u c tio n  t o  in s h o r e  co m m u n itie s . L im nol. O c e a n o g r ., 14 : 5 2 1 -5 2 7 .

KONG, M.K. and CHAN, K. ( 1 9 7 9 ) .  A stu d y  o f  th e  b a c t e r i a l  f l o r a  i s o l a t e d  
from m arine a lg a e .  B o ta n ic a  m a r ., 22^ : 8 3 -9 7 .

KYLIN, H. ( 1 9 7 3 ) .  Bemerkungen u b er  d ie  E n tw ick lu n g s  g e s c h ic h te  e in i g e r  
P h aeop hyceen . L unds. U n iv . A r s s k r . ,  33 : 1 -3 4 .



-  148 -

LANGLOIS, G.A. ( 1 9 7 5 ) .  E f f e c t  o f  a l g a l  e x u d a te s  on su bstratu m  s e l e c t i o n  
by m o t i le  t e lo t r o c h s  o f  th e  m arin e p e r i t r i c h  c i l i a t e  V o r t i c e l l a  m a r in a .
J .  P r o t o z o o l . ,  22_ : 1 1 5 -1 2 3 .

LAYCOCK, R.A. ( 1 9 7 4 ) .  The d e t r i t a l  fo o d  c h a in  b a sed  on sea w e ed s . I .
B a c te r ia  a s s o c ia t e d  w ith  th e  s u r f a c e  o f  L a m in aria  fr o n d s . Mar. B i o l . y 
25 : 2 2 3 -2 3 1 .

LEE, D.L. ( 1 9 6 5 ) .  The p h y s io lo g y  o f  n em atod es. O l iv e r  and Boyd,
E dinburgh , 154pp.

LEE, J .J .  , TIETJEN, J .H . and GARRISON, J .R . ( 1 9 7 6 ) .  S ea so n a l s w it c h in g  
in  th e  n u t r i t i o n a l  req u irem en ts  o f  N ito c r a  t y p i c a , a h a r p a c t ic o id  
copepod  from s a l t  marsh aufw uchs co m m u n itie s . T ra n s. Am. m ic r o s c .
S o c . ,  915 : 6 2 8 -6 3 7 .

LEE, J . J . ,  TIETJEN, J .H . , MASTROPAOLO, C . and RUBIN, H. (1 9 7 7 ) .  Food  
q u a l i t y  and th e  h e te r o g e n e o u s  s p a t i a l  d i s t r i b u t i o n  o f  m e io fa u n a . 
H elg o la n d er  w i s s .  M e ere su n te rs , 30 : 2 7 2 -2 8 2 .

LEIGHTON, D .L . ( 1 9 6 6 ) .  S tu d ie s  o f  fo o d  p r e fe r e n c e  in  a lg iv o r o u s  
in v e r t e b r a t e s  o f  S outhern  C a l i f o r n i a  k e lp  b e d s . P a c i f .  S c i . ,  20  
: 1 0 4 -1 1 3 .

LEWIN, J .C . and LEWIN, R.A. ( 1 9 6 0 ) .  A uxotrophy and h e te r o tr o p h y  i n  
m arin e l i t t o r a l  d ia to m s . Can, J .  M ic r o b io l . ,  6  ̂ : 1 2 7 -1 3 4 .

LEWIN, J .  and LEWIN, R.A. ( 1 9 6 7 ) .  C u ltu r e  and n u t r i t i o n  o f  some
a p o c h lo r o t ic  d ia to m s o f  th e  g en u s N i t z c h ia . J .  g e n . M ic r o b io l . ,  4j5 : 
3 6 1 -3 6 7 .

LEWIN, R.A. ( 1 9 6 9 ) .  A c l a s s i f i c a t i o n  o f  f l e x i b a c t e r i a .  J ,  g e n . M ic r o b io l . ,  
58 : 1 8 9 -2 0 6 .

LEWIS, J .R . ( 1 9 6 4 ) .  The e c o lo g y  o f  rocky s h o r e s .  E n g lish  U n i v e r s i t i e s  
P r e s s ,  London, 323pp .

LOPEZ, G . , RIEMANN, F . and SCHRAGE, M. ( 1 9 7 9 ) .  F eed in g  b io lo g y  o f  th e  
b r a c k is h -w a te r  o n ch o la im id  nem atode A doncholaim us th a la s s o p h y g a s .
Mar. B i o l . ,  54 : 3 1 1 -3 1 8 .

LORENZEN, S . ( 1 9 7 8 ) .  The sy stem  o f  th e  M o n h y stero id ea  (N em atodes) -  
a new ap proach . Z o o l .  J b . ( S y s t . ) ,  105 : 5 1 5 -5 3 6 .

LUNING, K. ( 1 9 6 9 ) .  Growth o f  am putated and d a rk -ex p o sed  in d iv id u a ls
o f  th e  brown a lg a  L am in aria  h y p e rb o rea . Mar. B i o l . ,  2_ : 2 1 8 -2 2 3 .

LUNING, K. ( 1 9 7 1 ) .  S e a so n a l grow th o f  L am in aria  h y p erb o rea  under r e c o r d e d
u n d erw a ter  l i g h t  c o n d it io n s  n ear H e lg o la n d . In : D .J . C r is p  ( E d .) ,  
P r o c e e d in g s  o f  th e  fo u r th  european  m a r in e  b io lo g y  sym posium , 
p p . 3 4 7 -3 6 1 . C am bridge U n iv e r s i ty  P r e s s ,  C am bridge.

LUNING, K. ( 1 9 7 9 ) .  Growth s t r a t e g i e s  o f  th r e e  L a m in ar ia  s p e c ie s
i n h a b i t in g  d i f f e r e n t  d ep th  zo n es  in  th e  s u b l i t t o r a l  r e g io n  o f  
H elg o la n d  (N o rth  S ea)'. Mar. E c o l .  P r o g . S e r . , : 1 9 5 -2 0 7 .

LUNING, K .,  SCKMITE, K. and WILLENBRINK, J .  (1 9 7 3 ) .  C02  f i x a t i o n  and
t r a n s lo c a t io n  in  b e n th ic  m arine a lg a e .  I I I .  R a tes  and e c o lo g i c a l  
s i g n i f i c a n c e  o f  t r a n s lo c a t io n  in  L a m in a r ia  h y p erb o rea  and L . s a c c h a r in a . 
Mar. B i o l . ,  23 : 2 7 5 -2 8 1 .



-  149 -

MANN, K.H. (1 9 7 2 a ) .  E c o lo g ic a l  e n e r g e t i c s  o f  th e  seaw eed  zon e in  a 
m arin e bay on th e  A t la n t ic  c o a s t  o f  C anada. I I .  P r o d u c t iv i ty  o f  th e  
se a w e e d s . Mar. B i o l . ,  JL4 : 1 9 9 -2 0 9 .

MANN, K.H. (1 9 7 2 b ) . M acrophyte p r o d u c t io n  and d e t r i t u s  fo o d  c h a in s
in  c o a s t a l  w a te r s . Mem. 1 s t .  I t a l .  I d r o b i o l . ,  2 9 . su p p lem en t : 3 5 3 -3 8 3 .

MANN, K.H. (1 9 7 6 ) .  D eco m p o sitio n  o f  m arin e  m a cro p h y tes . In : J.M . Anderson  
and A. M acfadyen ( E d s . ) ,  The r o l e  o f  t e r r e s t r i a l  and a q u a t ic  organ ism s  
in  d e c o m p o s it io n  p r o c e s s e s ,  pp . 2 4 7 -2 6 7 .  B la c k w e ll S c i e n t i f i c  
P u b l i c a t io n s ,  O x fo rd .

MANN, K .H. ( 1 9 7 9 ) .  N itr o g e n  l i m i t a t i o n s  on th e  p r o d u c t iv i ty  o f  
S p a r t in a  m arsh es, L a m in a r ia  k e lp  b ed s and h ig h e r  t r o p h ic  l e v e l s .
In : R .L . J e f f e r i e s  and A .J . Davy ( E d s . ) ,  E c o lo g ic a l  p r o c e s s e s  in  
c o a s t a l  e n v iro n m en ts , p p . 3 6 3 -3 7 0 . B la c k w e ll  S c i e n t i f i c  P u b l ic a t io n s ,  
O x fo rd .

MAPES, C .J .  ( 1 9 6 5 ) .  S tr u c tu r e  and fu n c t io n  in  th e  nem atode pharynx. 
P a r a s i t o lo g y ,  5f> : 5 8 3 -5 9 4 .

MARCHANT, R. and NICHOLAS, W.L. ( 1 9 7 4 ) .  An en ergy  b u d get fo r  th e  
f r e e - l i v i n g  nem atode P e lo d e r a  (R h a b d it id a e ) . O e c o lo g ia , _16 :
2 3 7 -2 5 2 .

MARINE BIOLOGICAL ASSOCIATION. (1 9 5 7 ) .  P lym outh  m arine fau n a  (3 r d  E d .) .
Mar. B i o l .  A ss . U.K. , P lym ou th , x i i i  + 457p p .

MAZURE, H .G .F . and FIELD, J .G . ( 1 9 8 0 ) .  D e n s ity  and e c o lo g i c a l  im p ortan ce  
o f  b a c t e r ia  on k e lp  fr o n d s  in  an u p w e l l in g  r e g io n .  J .  e x p . mar. B i o l .
E c o l . ,  43 : 1 7 3 -1 8 2 .

MERCER, E.K . and CAIRNS, E .J .  ( 1 9 7 3 ) .  Food con su m p tion  o f  th e  a q u a t ic  
nem atode P e lo d e r a  c h i t w o o d i . J .  N e m a to l .,  : 2 0 1 -2 0 8 .

MEYERS, S .P . and HOPPER, B .E , (1 9 6 6 ) ,  A t t r a c t io n  o f  th e  m arine nem atode  
M etonehola im us s p . to  fu n g a l s u b s t r a t e s .  B u l l .  mar. S c i .  G u lf C a r ib b . ,
16 : 1 4 3 -1 5 0 .

MEYERS, S . P . ,  HOPPER, B .E . and CEFALU, R. ( 1 9 7 0 ) .  E c o lo g ic a l  i n v e s t i g a t i o n s  
o f  th e  m arin e nem atode M etoncholaim us s c i s s u s . Mar. B i o l . ,  j6  : 4 3 -4 7 .

MILLER, R .J .  and MANN, K.H. (1 9 7 3 ) .  E c o lo g ic a l  e n e r g e t ic s  o f  th e seaw eed  
zo n e  in  a m arine bay on th e  A t la n t ic  c o a s t  o f  C anada. I I I .  Energy  
tr a n s fo r m a tio n s  by s e a  u r c h in s .  Mar. B i o l . ,  _18 : 9 9 -1 1 4 .

MOEBUS, K. and JOHNSON, K.M. (1 9 7 4 ) .  E x u d a tio n  o f  d i s s o lv e d  o r g a n ic  
carb on  by m arine a lg a e .  Mar. B i o l . ,  26^ : 1 1 7 -1 2 5 .

MOORE, P .G . ( 1 9 7 1 ) .  The nem atode fau n a  a s s o c ia t e d  w ith  h o ld f a s t s  o f  
k e lp  ( L am in aria  h y p erb o rea ) in  n o r t h - e a s t  B r i t a in .  J .  mar. b i o l .
A ss . U .K ., 51_ : 5 8 9 -6 0 4 .

MOORE, P .G . ( I n  p r e s s ) .  S ea  tem p era tu res  a t  M i l lp o r t ,  1 9 5 9 -1 9 7 9 .
W estern  N a t .

NAIR, N .B . ( 1 9 6 2 ) .  E c o lo g y  o f  m arine f o u l i n g  and w ood b orin g  organ ism s  
o f  w e s te r n  Norway. S a r s ia ,  J3 1 1“ 8 8 .



-  150 -

NICHOLAS, W.L. (1 9 7 5 ) .  The b io lo g y  o f  f r e e - l i v i n g  n em a to d es. O xford  
U n iv e r s i t y  P r e s s ,  O x fo rd , v i i i  + 21 9 p p .

NICHOLAS, W .L ., GRASSIa , A. and VISWANATHAN, S . (1 9 7 3 ) .  The e f f i c i e n c y  
w ith  w h ich  C a e n o r h a b d it is  b r ig g s a e  (R h a b d it id a e )  fe e d s  on t h e  b acterium  
E s c h e r ic h ia  c o l i . N e m a to lo g ic a , J9. : 4 1 1 -4 2 0 .

NORTON, T. A. (1 9 7 8 ) .  The f a c t o r s  i n f lu e n c in g  th e  d i s t r i b u t i o n
S a c c o r h iz a  p o ly s c h id e s  in  th e  r e g io n  o f  Lough I n e .  J .  mar. b i o l .  A ss .
U .K ., 58 : 5 2 7 -5 3 6 .

NORTON, T .A . , HISCOCK, K. and KITCHING, J .A . ( 1 9 7 7 ) .  The e c o lo g y  o f  
Lough I n e .  x x .  The L am in aria  f o r e s t  a t  C a r r ig a th o r n a . J .  E c o l . ,  65 :
9 1 9 -9 4 1 .

OTT, J .  ( 1 9 6 7 ) .  V e r t ik a lv e r t e i lu n g  von Nematoden in  B estan d en  n o r d a d r ia t is c h e r  
S a r g a s s a c e e n . H e lg o la n d er  w i s s .  M e e r e su n te r s , _15. : 4 1 2 -4 2 8 .

OTTO, G. ( 1 9 3 6 ) .  D ie  Fauna d e r  E nterom orphazone d er  K ie le r  B u ch t.
K ie l e r .  M e e r e s fo r s c h .,  2  : 1 -4 8 .

PARKE, M. ( 1 9 4 8 ) .  S tu d ie s  on B r i t i s h  L a m in a r ia c e a e . I .  Growth in
L am in aria  s a c c h a r in a  (L ) lam our. J .  mar. b i o l .  A ss . U .K ., 27  : 6 5 1 -7 0 9 .

PRINGSHEIM, E .G . ( 1 9 5 6 ) .  M icro -o rg a n ism s from  d e c a y in g  sea w e ed . N atu re ,
L o n d ., 178 : 4 8 0 -4 8 1 .

RAGAN, M.A. ( 1 9 7 6 ) .  P h y so d es and th e  p h e n o l ic  compounds o f  brown a lg a e .
C o m p o sitio n  and s i g n i f i c a n c e  o f  p h ysod es i n  v iv o . B o ta n ic a  m a r ., 1 ^  ’ 1 4 5 -1 5 4

RAGAN, M.A. and JENSEN, A. ( 1 9 7 7 ) .  Q u a n t i ta t iv e  s t u d ie s  on brown a lg a l
p h e n o ls .  I .  E s t im a tio n  o f  a b s o lu te  p o ly p h e n o l c o n te n t  o f  A scophyllum  
nodosum ( L .)  Le J o l .  and Fucus v e s i c u lo s u s  L . J .  ex p . m ar. B i o l .  E c o l . ,
30 : 2 0 9 -2 2 1 .

RAGAN, M.A. and JENSEN, A. ( 1 9 7 8 ) .  Q u a n t i ta t iv e  s t u d ie s  on brown a lg a l  p h e n o ls .
I I .  S e a s o n a l v a r ia t io n  in  p o ly p h en o l c o n t e n t  o f  A scophyllum  nodosum ( L .)  Le  
J o l .  and Fucus v e s ic u lo s u s  L . J .  e x p . m ar. B i o l .  E c o l . ,  J34 ; 2 9 5 -2 5 8 .

RAJ, H.D. (1 9 7 7 a ) .  L e u c o th r ix . CRC C r i t .  R ev. M ic r o b io l . ,  j5 : 2 7 1 -3 0 4 .

RAJ, H.D. (1 9 7 7 b ) .  M ic r o c y c lu s  and r e la t e d  r in g -fo r m in g  b a c t e r i a .
CRC C r i t .  R ev. M ic r o b io l . ,  5̂  : 2 4 3 -2 6 9 .

RAMSAY, A .J . ( 1 9 7 4 ) .  The u s e  o f  a u to ra d io g ra p h y  to  d e te rm in e  th e
p r o p o r t io n  o f  b a c t e r ia  m e ta b o liz in g  in  an a q u a t ic  h a b i t a t .  J .  g en .
M ic r o b io l . ,  80 : 3 6 3 -3 7 3 .

RIEMANN, F . and SCHRAGE, M. ( 1 9 7 8 ) .  The m u cu s-tra p  h y p o th e s is  on f e e d in g  
o f  a q u a t ic  nem atodes and im p l ic a t io n s  f o r  b io d e g r e d a t io n  and sed im en t  
t e x t u r e .  O e c o lo g ia ,  34 : 7 5 -8 8 .

RILEY, G.A. ( 1 9 7 0 ) .  P a r t ic u l a t e  o r g a n ic  m a tter  in  s e a w a t e r .  Adv. mar.
B i o l . ,  8 : 1 -1 1 8 .

ROGERS, W.P. ( 1 9 6 9 ) .  N itr o g e n o u s  com ponents and t h e i r  m eta b o lism  : 
A ca n th o cep h a la  and Nem atoda. In : M. F lo r k in  and B .T . S ch eer  ( E d s . ) ,
C hem ical Z o o lo g y , v o l .  3 ,  pp . 4 6 5 -4 9 9 . Academ ic P r e s s ,  New Y ork.



-  151 -

ROOS, H. ( 1 9 5 7 ) .  U n tersuchungen  u b er  d as Vorkommen a n t im ik r o b ie l le r  
S u b stan zen  i n  M eere sa lg e n . K ie le r  M e e r e s fo r s c h .,  JJ3 : 4 1 -5 8 .

ROUND, F .E . ( 1 9 7 1 ) .  B en th ic  m arin e d ia to m s . O cean ogr. mar. B i o l .  ann.
R e v ., £  : 8 3 -1 3 9 .

RUSSELL, G. ( 1 9 6 4 ) .  L a m in a r io co la x  to m e n to so id e s  on th e  I s l e  o f  Man.
J .  mar. b i o l .  A s s . U .K ., 44 : 6 0 1 -6 1 2 .

RYLAND, J .S .  ( 1 9 5 9 ) .  E xp erim en ts on th e  s e l e c t i o n  o f  a lg a l  s u b s t r a t e s  
by p o ly z o a n  la r v a e .  J .  ex p . B i o l . ,  36 : 6 1 3 -6 3 1 .

RYLAND, J . S .  and STEBBING, A .R .D . ( 1 9 7 1 ) .  S e t t le m e n t  and o r ie n t a t e d  
grow th  in  e p ip h y t ic  and e p iz o  b ry o zo a n s . In : D .J . C r isp  ( E d . ) ,
P ro c eed in g s  o f  th e  fo u r th  eu rop ean  m arine b io lo g y  sym posium , 
p p . 1 0 5 -1 2 3 . Cambridge U n iv e r s i t y  P r e s s ,  C am bridge.

SESHADRI, R. and SIEBURTH, J.M cN. ( 1 9 7 5 ) .  Seaw eeds a s  a r e s e r v o ir  o f  
C andida y e a s t s  in  in s h o r e  w a te r s .  Mar. B i o l . ,  30 : 1 0 5 -1 1 7 .

SEYMOUR, M.K. and DONCASTER, C .C . (1 9 7 3 ) .  D e fa e c a t io n  b eh a v io u r  o f  
A p h elen ch o id es  b la s to p h th o r u s . N e m a to lo g ic a , _18 : 4 6 3 -4 6 8 .

SIEBURTH, J.M cN, ( 1 9 6 8 ) .  The in f lu e n c e  o f  a l g a l  a n t i b i o t i c s  on th e
e c o lo g y  o f  m arin e m icro o rg a n ism s. Adv. M ic r o b io l .  S ea , 2  : 6 3 -9 4 .

SIEBURTH, J .  McN. (1 9 6 9 ) .  S tu d ie s  on a lg a l  s u b s ta n c e s  in  th e  s e a .  I I I .
The p r o d u c tio n  o f  e x t r a c e l l u l a r  o r g a n ic  m a tte r  by l i t t o r a l  m arin e a lg a e .
J .  ex p . mar. B i o l .  E c o l . ,  3> : 2 9 0 -3 0 9 .

SIEBURTH, J.M cN. ( 1 9 7 5 ) .  M ic r o b ia l S e a s c a p e s . U n iv e r s ity  Park P r e s s ,
B a lt im o r e , M d., 248pp .

SIEBURTH, J.M cN. ( 1 9 7 9 ) .  S ea  M icro b es . O xford  U n iv e r s i ty  P r e s s ,  New
Y ork, x  + 491p p .

SIEBURTH, J .M cN ., BROCKS, R .D ., GESSNER, R .V ., THOMAS, C .D . and TOOTLE, J .L .  
(1 9 7 4 ) .  M ic r o b ia l c o lo n iz a t io n  o f  m arine p la n t  s u r fa c e s  a s  o b serv ed  
by sc a n n in g  e le c t r o n  m ic r o sc o p y . In : R.R. C o lw e ll  and R.Y. M orita  ( E d s . ) ,  
E f f e c t  o f  th e  ocean  en v iron m en t o f  m ic r o b ia l  a c t i v i t i e s ,  p p . 3 1 8 -3 2 6 . 
U n iv e r s i t y  Park P r e s s ,  B a lt im o r e , Md.

SIEBURTH, J .  McN. and CONOVER, J .T .  ( 1 9 6 5 ) .  Sargassum  ta n n in , an a n t i b i o t i c  
w hich r e ta r d s  f o u l in g .  N a tu r e , L o n d ., 208 : 5 2 -5 3 .

SIEBURTH, J .  McN. and JENSEN, A. ( 1 9 6 8 ) .  S t u d ie s  on a lg a l  s u b s ta n c e s  in  
th e  s e a .  I .  G e lb s t o f f  (hum ic m a te r ia l)  in  t e r r e s t r i a l  and m arin e w a te r s .
J .  e x p . mar. B i o l .  E c o l . ,  2_ : 1 7 4 -1 8 9 .

SIEBURTH, J.M cN. and JENSEN, A. ( 1 9 6 9 ) .  S t u d ie s  on a lg a l  s u b s ta n c e s  in  
th e  s e a .  I I .  The fo rm a tio n  o f  g e l b s t o f f  (hum ic m a te r ia l)  by ex u d a te s  
o f  P h a eo p h y ta . J .  ex p . mar. B i o l .  E c o l , ,  j3 : 2 7 5 -2 8 9 .

SKOOLMUN, P . and GERLACH, S .A . ( 1 9 7 1 ) .  J a h r e z e i t l i c h  F lu k tu a t io n e n  d er  
N em atodenfauna im G e z e ite n b e r e ic h  d es  W e se r -a s tu a r s  (D e u tsc h e  B u c h t) . 
V e r o f f .  I n s t .  M e e r e s fo r sc h . B rem erh ., _lj3 : 1 1 9 -1 3 8 .

SMITH, D .A .S . ( 1 9 7 3 ) .  The p o p u la t io n  b io lo g y  o f  Lacuna p a l l i d u l a  (d a  o s ta )  
and Lacuna v in c t a  (M ontagu) in  n o r th -e a s t  E n g la n d . J .  mar. b i o l .  A ss .
U .K ., 53 : 4 9 3 -5 2 0 .



-  152 -

SOKAL, R.R. and ROHLF, F .J .  (1 9 6 9 ) .  B io m etr y , W.H. Freeman and C o . , 
P u b l i s h e r s ,  San F r a n c is c o ,  776pp.

SOUTHERN, R. (1 9 1 4 ) .  N em a th e lm in th ia , K in orh yn ch a , and C h aetogn ath a  
(C la r e  I s la n d  S u rv ey , p a r t  5 4 ) .  P ro c . R. I r .  A ca d ., : 1 -8 0 .

SOYZA, K. ( 1 9 7 3 ) .  E n e r g e t ic s  o f  A p h en lenchu s aven ae in  m on o-azen ic  
c u l t u r e .  P r o c . h e lm in th . S o c . W ash., 40  ̂ : 1 -1 0 .

STEBBING, A .R .D . ( 1 9 7 2 ) .  P r e f e r e n t ia l  s e t t l e m e n t  o f  a  bryozoan  and
s e r p u lid  la r v a e  on th e  you nger p a r t s  o f  L am in ar ia  fr o n d s . J .  mar. b i o l .  
A ss. U .K ., 52 : 7 6 5 -7 7 2 .

STEKHOVEN, J .H . Schuurm ans. ( 1 9 3 5 ) .  A d d it io n a l  n o te s  to  my monographs 
on th e  f r e e l i v i n g  m arin e nem atodes o f  th e  B e lg ia n  c o a s t  I and I I .
Mem. Mus. r .  H i s t .  n a t .  B e l g . , 72 : 1 -3 6 .

SVENDSEN, P . and KAIN, J.M . ( 1 9 7 1 ) .  The taxon om ic s t a t u s ,  d i s t r ib u t io n  
and m orphology o f  L a m in ar ia  c u c u l la t a  se n su  J o rd e  and K la v e s ta d .
S a r s ia ,  46  : 1 -2 2 .

TEAL, J.M . ( 1 9 6 2 ) .  Energy f lo w  in  t h e  s a l t  marsh eco sy stem  o f  G eo rg ia . 
E c o lo g y , 43  : 6 1 4 -6 2 4 .

TEAL, J.M . ( 1 9 8 0 ) .  Prim ary p r o d u c tio n  o f  b e n th ic  and f r in g in g  p la n t  
co m m u n itie s . In : R .S .K . B arnes and K.H. Mann ( E d s . ) ,  Fundam entals  
o f  A q u a tic  E co sy ste m s, pp . 6 7 -8 3 . B la c k w e ll  S c i e n t i f i c  P u b l ic a t io n s ,  
O xford .

TIETJEN, J .H . ( 1 9 6 7 ) .  O b se r v a t io n s  on th e  e c o lo g y  o f  th e  m arine nem atode
M onhystera f i l i c a u d a t a  A l lg e n ,  1929 . T ra n s. Am. m ic r o sc . S o c . ,  8(5 : 
3 0 4 -3 0 6 .

TIETJEN, J .H . (1 9 6 9 ) .  The e c o lo g y  o f  s h a llo w  w a te r  m eio fau n a  in  two
New E ngland  e s t u a r ie s .  O e c o lo g ia ,  £  : 2 5 1 -2 9 1 .

TIETJEN, J .H . and LEE, J . J .  ( 1 9 7 3 ) .  L i f e  h i s t o r y  and f e e d in g  h a b it s  o f
th e  m arine nem atode, Chromadora m a c ro la im o id e s  S t e in e r .  O e c o lo g ia ,
12 : 3 0 3 -3 1 4 .

TIETJEN, J .H . and LEE, J . J .  (1 9 7 5 ) .  A xen ic  c u l t u r e  and u p ta k e  o f
d is s o lv e d  o r g a n ic  s u b s ta n c e s  by t h e  m arin e nem atode, R h a b d it is  m arina  
B a s t ia n . C ah. B io l ,  m a r ., 16 : 6 8 5 -6 9 4 .

TIETJEN, J .H . and LEE, J . J .  ( 1 9 7 7 ) .  F e e d in g  b eh a v io u r  o f  m arin e n em atodes. 
In: B .C . C o u ll  ( E d .) ,  E c o lo g y  o f  m arin e b e n th o s , p p . 2 1 -3 5 .  C olum bia: 
U n iv e r s i ty  o f  S outh  C a r o lin a  P r e s s .

TIETJEN, J . H . , RULLMAN, J . ,  GREENGART, A. and TROMPETER, J .  (1 9 7 0 ) .  
G n o to b io t ic  c u l t u r e  and p h y s io lo g ic a l  e c o lo g y  o f  th e  m arin e nem atode 
R h a b d itis  m arina B a s t ia n .  L im n ol. O c e a n o g r ., 2*1 • 5 3 5 -5 4 3 .

WARWICK, R.M. ( 1 9 7 7 ) .  The s t r u c tu r e  and s e a s o n a l  f lu c t u a t io n s  o f  p h y ta l
m arine nem atode a s s o c i a t i o n s  in  th e  I s l e s  o f  S c i l l y .  In : B .F . K eegan, 

R O ’C e id ig h  and P .J .S .  Boaden ( E d s . ) ,  B io lo g y  o f  B en th ic  O rganism s, 
pp. 5 7 7 -5 8 5 . Pergamon P r e s s ,  O xford .

WARWICK, R.M. and BUCHANAN, J .B .  ( 1 9 7 0 ) .  The m eiofaun a o f f  th e  c o a s t  o f  
N orthum berland . I .  The s t r u c tu r e  o f  th e  nem atode p o p u la t io n .
J .  mar. b i o l .  A ss . U .K ., 50 : 1 2 9 -1 4 6 .



-  153 -

WARWICK, R.M. and BUCHANAN, J .B .  ( 1 9 7 1 ) .  The m eiofauna o f f  th e  c o a s t  o f  
N orthum berland . I I .  S e a so n a l s t a b i l i t y  o f  th e  nem atode p o p u la t io n .
J .  m ar. b i o l .  A ss . U .K ., 51. : 3 5 5 -3 6 2 .

WAVRE, M. and BRINKHURST, R.O. (1 9 7 1 ) .  I n t e r a c t io n s  b etw een  some 
t u b i f i c i d  o l ig o c h a e t e s  and b a c te r ia  found in  th e  sed im en ts  o f  
T oron to  H arbour, O n ta r io . J .  F is h .  R es. Bd. C a n ., £ 8  : 3 3 5 -3 4 1 .

WEBSTER, T .J .M . , PARANJAPE, M.A. and MANN, K.H. (1 9 7 5 ) .  S e d im e n ta tio n  o f  
o r g a n ic  m a tte r  in  S t .  M a r g a r e t 's  B ay, Nova S c o t ia .  J .  F i s h .  R es. Bd. 
C a n ., 32 : 1 3 9 9 -1 4 0 7 .

WIESER, W. ( 1 9 5 1 ) .  U n tersuchu n gen  u b er  d i e  a lgenbew ohnende M ikrofauna  
m arin er H artboden . I .  Zur O e k o lo g ie  und S y stem a tik  d er  N em atodenfauna  
von P lym ou th . O st. z o o l .  Z . ,  : 4 2 5 -4 8 0 .

WIESER, W. ( 1 9 5 3 ) .  D ie  B ez ieh u n g  zw isc h e n  M u n d h o h le n sg e s ta lt ,
E rn a h ru n g sw eise  und Vorkommen b e i  f r e i le b e n d e n  m arinen N em atoden.
Ark. Z o o l . ,  (2 )  4 : 4 3 9 - 4 8 4 .

WIESER, W. ( 1 9 5 9 a ) .  F r e e l i v in g  m arine n em a to d es. IV . G en era l p a r t .  
R ep o rts  o f  Lund U n iv e r s i t y  C h i le  E x p e d it io n , 1 9 4 8 -9 . A c ta . U n iv . 
lu n d , N .F . , Avd. 2 . ,  Bd. 55 : 1 -1 1 1 .

WIESER, W. (1 9 5 9 b ) .  Zur O k o lo g ie  d er  Fauna m ariner A lgen  m it b eso n d erer  
B e r u c k s ic h t ig u n g  d e s  M itte lm e e r e s .  I n t .  R ev. g e s .  H y d r o b io l . ,  44 : 
1 3 7 -1 8 0 .



A NEW SPECIES OF GONIONCHUS (NEMATODA : XYALIDAE) FROM 

THE FIRTH OF CLYDE, WITH A REDESCRIPTION OF ENOPLOIDES 

SPICULOHAMATUS SCHULZ (NEMATODA : ENOPLIDAE) . 1-

M. P . BENV/ELL

U n iv e r s i t y  M arine B i o lo g i c a l  S t a t io n ,  M il lp o r t ,  
I s l e  o f  Cumbrae,

S c o t la n d , KA28 OEG.

RESUME

Deux e s p e c e s  de Nem atodes l i b r e s  m arins du s a b le  s u b l i t t o r a l  a  

Tomont End, I s l e  de Cumbrae, E c o s s e ,  s o n t  d e c r i t e s .  G onionchus  

cu m b raensis e s t  u n e n o u v e lle  e s p e c e  e t  E n o p lo id e s  sp ic u lo h a m a tu s  S ch u lz  

e t a i t  ju s q u ’ i c i  mal d e c r i t e .  La taxon om ie d e s  g e n r e s  G onionchus e t  

X y a la  e s t  d i s c u t e e .

1. Typescript of paper in  press ( Cahiers de B iologie I-larine.).
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INTRODUCTION

As p a r t  o f  a s tu d y  o f  th e  r o l e  o f  f r e e - l iv in g -  nem atodes in  th e  

d eco m p o s itio n  o f  k e lp ,  a sam ple was tak en  by SCUBA d iv in g  o f  th e  sed im en t  

a t  a depth  o f  6m o f f  Tomont End, I s l e  o f  Cumbrae, S c o t la n d . T h is  sed im en t  

i s  a medium c o a r s e  san d  c o n t a in in g  a la r g e  number o f  broken m o llu sc  s h e l l s .  

Of th e  e ig h te e n  nem atode s p e c ie s  i n  th e  sam p le, o n e , G onionchus cu m b raen sis  

s p .  n o v . , proved  t o  be new and a n o th e r , E n o p lo id e s  sp ic u lo h a m a tu s  S c h u lz ,  

h as p r e v io u s ly  b een  o n ly  p o o r ly  d e s c r ib e d .

D e s c r ip t io n s  have b een  made from g ly c e r in e  mounts and th e  m a te r ia l  

d e p o s it e d  a t  th e  B r i t i s h  Museum (N a tu r a l H is t o r y ) ,  M easurem ents have n o t  

been assem b led  in t o  r a t i o s  (d e  Man o r  F i l i p j e v  fo rm u la e ) a s  t h i s  p r a c t ic e  

i s  o f t e n  u n h e lp fu l .  C urved s t r u c t u r e s  h ave been  m easured a s  th e  arc and 

n o t  th e  c h o r d .

ENOPLOIDES SPICULOHAMATUS S ch u lz  1932 ( F i g .  1)

M a te r ia l s tu d ie d
2 j u v e n i l e s

B.M. (N .H .)  Reg. n o s .  1 9 7 9 .2 .7 .  to  1 9 7 9 .2 .1 0 .
M easurem ents

In  pm, in  o rd er  <3̂ ; ^ 2 ; j u v 1 ; j u v 2

Body le n g th 2682 2840 1725 896
Maximum d ia m eter 78 83 68 40
Head d ia m eter 47 46 35 26
L a b ia l s e t a e 20 20 14 9
Long c e p h a l ic  s e t a e 48 48 34 25
S h o r t c e p h a l ic  s e t a e 24 25 15 11
A n te r io r  end to  n erv e  r in g 151 151 143 -

O esophagus le n g th 578 560 421 267
D iam eter a t  b a se  o f  oesop h agu s 70 74 65 40
Supplem ent le n g th 27 25 - -
Supplem ent to  c lo a c a 94 89 - -
S p ic u le  le n g th 335 356 - -
Gubernaculum le n g th 45 42 - -
C lo a c a l  (a n a l)  d ia m eter 59 54 50 26
T a il  le n g th 176 167 170 118



FIG. 1 E n o p lo id e s  sp ic u lo h a m a tu s  S c h u lz .

A: M ale head; B: M ale t a i l ;  C:
D: S up p lem en t.
A l l  drawn from (Jj

Gubernaculum;
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D e s c r ip t io n

T hree h ig h  l i p s ,  w ith  d i s t i n c t  s t r i a t i o n s  on t h e i r  in n e r  s u r f a c e s .

Each w ith  two l a b i a l  s e t a e .  Ten c e p h a l ic  s e t a e :  s i x  lo n g e r  a n t e r io r  s e ta e  

and fo u r  s h o r te r  s e t a e  im m ed ia te ly  p o s t e r io r  to  th e d o r s o - la t e r a l  lo n g e r  

s e t a e .  Clawed m a n d ib les  p r o j e c t in g  a n te r io r  to  th e  c u t i c u la r i z e d  p l a t e s .

Each w ith  two s h o r t  l i n e a r  p e r f o r a t io n s  in  th e  a n t e r io r  p a r t and each  

b e a r in g  a  s m a ll  t o o t h ,  th e s e  t e e t h  eq u a l in  s i z e .  Im m ediately  p o s t e r io r  

t o  each m an d ib le i s  a p a ir  o f  tr a n s v e r s e  c u t i c u l a r i z e d  b a r s . O u ts id e  th e  

m a n d ib les  a re  two la y e r s  o f  c u t i c u la r i z e d  p l a t e s .  The o u te r  la y e r  c o n s i s t s  

o f  s i x  p la t e s  o f  two ty p e s ,  one ty p e  in  th e  l a b i a l  p o s i t i o n s ,  th e  o th e r  

i n  th e  i n t e r l a b i a l  p o s i t i o n s .  The c e p h a l ic  s e t a e  a r e  a tta ch ed  o v e r  th e  

sp a c e s  betw een  t h e s e  p l a t e s .  The a n te r io r  m argin  o f  th e  in n e r  la y e r  runs 

s l i g h t l y  p o s t e r io r  to  th e  a n t e r io r  m argin o f  th e  o u te r  la y e r  in  the l a b i a l  

p o s i t i o n s ,  and in  th e  i n t e r l a b i a l  p o s i t io n s  runs d ia g o n a l ly  p o s t e r io r ly  

to  a h e a v i ly  c u t i c u l a r i z e d  c r e s c e n t i c  s t r u c t u r e .  The amphids c o u ld  n o t  

be s e e n . O esophagus t y p i c a l l y  e n o p lo id ,  th r e e  f i l e s  o f  g la n d s down i t s  

l e n g t h .  T a i l  w ith  a few  s c a t t e r e d  s e t a e  b u t no lo n g  te r m in a l s e t a e .

M ale: Gubernaculum a p a ir  o f  p la t e s  j o in e d  by a p r o c e s s  on each  a t  

th e  p ro x im a l en d . D i s t a l  end o f  each  p l a t e  g ro o v e d , w ith  a c la w -sh a p ed  

p r o j e c t io n  on th e  d o r s a l  s id e  o f  th e g r o o v e  and two e q u a l rounded p r o j e c t io n s  

i n  th e  v e n t r o - l a t e r a l  p o s i t i o n s .  S p ic u le s  e q u a l,  lo n g , t r a n s v e r s e ly  s t r i a t e d ,  

open  a t  p ro x im a l en d , d i s t a l  end o f  ea ch  jo in e d  by a m u sc le  or  l ig a m e n t  to  

th e  b lu n t  d o r s a l p r o c e s s  on th e  r e s p e c t iv e  g u b ern a cu la r  p la t e .  Supplem ent 

s m a l l ,  tu b u la r ,  th ic k e n e d  a t  th e  d i s t a l  en d . A p a ir  o f  S -sh a p ed  s p in e s  

13}im p o s t e r io r  t o  th e  c lo a c a .
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DISCUSSION

The o n ly  d e f i n i t e  d i f f e r e n c e s  betw een  t h e  sp ecim ens d e s c r ib e d  above

and S c h u lz 's  (1 9 3 2 ) d e s c r ip t io n  o f  E, sp ic u lo h a m a tu s  a re  in  th e  d is t a n c e

from th e su pp lem ent to  th e  c lo a c a  and th e  le n g t h  o f  th e  s p i c u l e s ,  and t h e s e

do n o t  w arran t r e c o g n it io n  o f  a s e p a r a te  s p e c i e s .  U n fo r tu n a te ly  S c h u lz 's

d e s c r ip t io n  d o e s  n o t  show th e  c u t i c u l a r i z e d  s t r u c t u r e s  o f  th e  head  o r  th e

! sh ape o f  th e  gubernaculum  v ery  c l e a r l y ,  and th e r e  appear to  be no ty p e

sp ec im e n s . For th e p r e s e n t  th e  above sp ec im en s a re  assumed t o  b e

E. sp ic u lo h a m a tu s , b u t c o l l e c t i o n  from S c h u lz 's  s i t e  m ight r e v e a l  a  d i f f e r e n t

| s p e c i e s  f i t t i n g  h is  d e s c r ip t io n ,  in  w h ich  c a s e  th ey  w i l l  have to  b e  renam ed.

The d e s c r ip t io n  and p r e s e r v a t io n  o f  t h e s e  sp ecim en s i s  a  s t e p  tow ards

s o r t i n g  o u t  th e  taxonom y o f  t h i s  d i f f i c u l t  s p e c i e s  grou p .

T here has been c o n fu s io n  o v er  sp ec im en s h i t h e r t o  named as
E. labiatus

E . sp ic u lo h a m a tu s . E . l a b ia t u s  and E . l o n g i s p i c u lo s u s .jB u ts c h li  1874 was 

d e s c r ib e d  from  a fem a le , and i s  c o r r e c t ly  r e g a rd ed  by W ieser  and Hopper (1 9 6 7 )  

a s a s p e c ie s  in q u ir e n d a . S tek h o v en  (1 9 3 5 ) and B r e ss la u  and S tek h o v en  (1 9 4 0 )  

f ig u r e  m ales und er th e  name E . l a b ia t u s  w ith  w h ich  they c o n s id e r  

E. sp ic u lo h a m a tu s  t o  be synonym ous. T h is  synonymy ca n n o t be p roved  and 

sh o u ld  be abandoned . B r e s s la u  and S te k h o v e n 's  s p e c ie s  may be  

E. sp ic u lo h a m a tu s  b u t th e  d e s c r ip t io n  i s  p o o r . S te k h o v e n 's  s p e c i e s  i s  n o t  

E . sp icu lo h a m a tu s  but th e  d e s c r ip t io n  i s  n o t  good  enough to  s e r v e  a s  a 

d e s c r ip t io n  o f  a new s p e c i e s .

Riemann (1 9 6 6 ) r e c o r d s  12. a f f .  l a b ia t u s  w h ich  he c o n s id e r s  i s  p ro b a b ly  

a com plex  s p e c i e s .  Skoolmun and G er la ch  (1 9 7 1 ) r e c o r d  E . s p ic u lo h a m a tu s .

In  n e i t h e r  c a s e  i s  a d e s c r ip t io n  g iv e n .

Warwick (1 9 7 1 ) and P l a t t  (1 9 7 7 , 1977a) r e c o r d  E . sp ic u lo h a m a tu s
I

from th e  B r i t i s h  c o a s t .  E xam in ation  o f  sp ecim en s p ro v id e d  by D r. P l a t t  

and a d e s c r ip t io n  p ro v id e d  by Dr. Warwick has shown th a t  in  b o th  c a s e s  th e  

s p e c ie s  c o n ce rn ed  i s  E . l o n g i s p ic u lo s u s  r a th e r  th an  E . s p ic u lo h a m a tu s .



-  5 -

W ieser  and Hopper (1 9 6 7 )  g iv e  a good k ey  to  th e s p e c ie s  o f  E n o p lo id e s  

w ith  lo n g  s p ic u l e s  and S -sh a p ed  g u b ern a d u la . To t h i s  must be added  

E . lo n g i s p ic u lo s u s  and a l s o  E . d e la m a re i B oucher (1 9 7 7 ) .  E. c a s p e r s i  

Riemann 1 9 6 6 , E . d i s p a r i l i s  S erg eev a  1 9 7 4 , E . p o n t ic u s  S erg e ev a  1974 and

E. a lex a n d r a e  Uzunov 1974 do n o t b e lo n g  t o  t h i s  s p e c ie s  group .

GONIONCHUS CUMBRAENSIS s p .  n o v . ( F ig .  2)

M a te r ia l s u p p lie d

3< f(?  (H o lo ty p e  and 2 p a r a ty p e s )  , 3 ? $  (p a r a t y p e s ) .
B.M. (N .H .) R eg. n o s . 1 9 7 9 .2 .1 .  (H o lo ty p e ) to  1 9 7 9 .2 .6 .
A d d it io n a l sp ec im en s in  th e  a u th o r 's  p o s s e s s io n .

M easurem ents

In  pm, in  o rd er  (H o lo ty p e )
* 1 ^ 2 ^3 ?! CM

O*

?  3
Body le n g th 1320 1370 1510 1474 1526 1358

Maximum d ia m ete r 52 54 58 52 61 54

Head d ia m eter 17 19 20 20 22 23

Long c e p h a l ic  s e t a e 18 18 17 18 17 19

S h o rt c e p h a l ic  s e t a e 10 10 11 12 11 13

Amphid d is t a n c e 25 25 28 28 29 27

Amphid d ia m ete r 13 12 14 9 11 10

D iam eter a t  l e v e l  o f  amphid 23 2 6 26 22 26 34

A n te r io r  end t o  n erv e  r in g 112 - 126 140 - -

O esophagus le n g th 297 324 400 386 391 337

D ia m eter  a t  b a se  o f  oesophagus 44 50 50 50 60 44

A n te r io r  end to  v u lv a - - - 1007 1033 957

S p ic u le  le n g th 40 42 42 - - -

C lo a c a l  ( a n a l)  d ia m eter 33 36 38 34 35 32

T a i l  le n g th 238 232 281 289 310 280

D e s c r ip t io n

C u t i c l e  a n n u la te d , a n n u le s  2.5pm wi d e . S ix h ig h  1l i p s ,  <each  w ith

th r e e  f in e  lo n g i t u d in a l  s t r i a t i o n s  on i t s  o u te r  s u r f a c e .  The a n t e r io r  

p a r t  o f  each  l i p  form s a d e l i c a t e  f la p  a p p a r e n t ly  h in g ed  to  the r e s t  o f  

th e  l i p .  S h o r t (3pm) l a b i a l  s e t a e  p rom in en t. Around th e  b u c c a l c a v i t y



FIG. 2 .  G onionchus cu m b raen sis s p .  n ov .

A: M ale head; B: S p ic u le s  and gubernaculum ; C: M ale t a i l .
Drawn from  j \ t ( h o l o t y p e ) .

1
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runs a c u t i c u l a r i z e d  band from which a  d ou b le  peg: e x te n d s  a n t e r io r ly  in t o  

th e  b a se  o f  ea ch  l i p .  In  th e  b u c ca l c a v i t y  a r e  two s u b v e n tr a l c u t i c u l a r i z e d  

f la n g e s .  In  th e  fem a le  t e n  c e p h a l ic  s e t a e :  s i x  lo n g e r  s e t a e  and fo u r  

s h o r te r  s e t a e  a d ja c e n t  t o  th e  subm edian lo n g e r  s e t a e .  In  th e  m ale two 

a d d it io n a l  s e t a e  j u s t  v e n tr a l  o f  th e  l a t e r a l  lo n g  s e t a e .  Four s h o r t  (6  pm) 

s u b c e p h a lic  s e t a e  j u s t  a n te r io r  t o  th e  am phids. Amphids i n d i s t i n c t ,  

c i r c u la r  in  o u t l i n e  w ith  f a i n t  s p ir a l  s t r u c t u r e .  L arger in  th e  m ale than  

in  -die fe m a le . C e r v ic a l  and so m a tic  s e t a e  lo n g  and num erous. A part from  

a few s h o r t  s i n g l e  s e t a e ,  c e r v i c a l  s e t a e  arran ged  in  grou p s o f  th r e e  o r  

fo u r . S e ta e  in  each  group in  a lo n g i t u d in a l  row , one on each  o f  s u c c e s s iv e  

a n n u les  o f  th e  c u t i c l e .  The m ost c o n sp ic u o u s  grou p s a r e  o f  fo u r  s e t a e ,  

w ith  a p r o g r e s s iv e  in c r e a s e  in  le n g th  from the a n te r io r  (10-15pm ) t o  th e  

p o s t e r io r ,  (3 5 -4 0 p m ). As fa r  as th e  an u s, so m a tic  s e t a e  more w id e ly  s p a c e d ,  

10-45pm lo n g . T a i l  lo n g , ta p e r in g  in  th e  a n te r io r  p a r t ,  a lm o st c y l i n d r i c a l  

p o s t e r io r ly .  Caudal s e t a e  o n ly  s p a r s e  and s h o r t  (5-15pm  lo n g ) .  Two 15pm 

te r m in a l s e t a e  in  some sp e c im e n s .

M ale: s p ic u l e s  p a ir e d , e q u a l,  p r o x im a lly  c e p h a la t e .  W alls v e r y  

t h ic k  d i s t a l l y ,  becom ing p r o g r e s s iv e ly  th in n e r  p r o x im a lly .  S p ic u le s  

d i s t a l l y  b i f i d ,  e a c h  w ith  an o u tw a rd ly -tu rn ed  l a t e r a l  p r o c e s s  and a  

s l i g h t l y  narrow er m edian p r o c e s s .  Gubernaculum w ith  w eak ly  c u t i c u l a r i z e d ,  

p a ir e d ,  6pm lo n g ,  d o rso ca u d a l a p o p h y se s . Two t e s t e s ,  th e  a n te r io r  la r g e r  

and l y i n g  to  th e  l e f t  o f  the g u t , th e  p o s t e r io r ,  much s m a lle r ,  l y i n g  t o  

th e  r i g h t  o f  and d o r s a l  t o  the gnit. S em in al v e s i c l e  co n sp ic u o u s  J10-130pm  

a n t e r io r  to  th e  c lo a c a .  Im m ediately  a n te r io r  to  th e  c lo a c a  l i e s  a p a ir  

o f  g la n d s ,  20-30pm lo n g ,  one on e i t h e r  s id e  o f  th e  v a s  d e fe r e n s ,  ea ch  

w ith  a d u c t l e a d in g  to  th e  c lo a c a .

Fem ale: ovary s i n g l e ,  a n t e r io r ,  l y i n g  to  th e  l e f t  o f  th e  g u t .
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DISCUSSION

G. cu m b ra en sis  s p . n ov . i s  c l o s e  to  th e  ty p e  s p e c i e s ,  G. v i l l o s u s  

Cobb 1920 , and to  G„ in a e q u a l i s  Warwick and P l a t t  1973. I t  can  be 

d is t in g u is h e d  from b o th  o f  th e s e  by th e  b i f i d  s p i c u l e s ,  and a l s o  from  

G. v i l l o s u s  by th e  p o s s e s s io n  o f  g u b e rn a cu la r  ap op h yses and from  

G. in a e q u a l i s  by th e  s h o r te r  body s e t a e  and eq u a l s p i c u l e s .  T hese th r e e  

s p e c i e s  form a hom ogeneous group.

The s p e c i e s  rem ain in g’ in  X yala  a f t e r  L o r e n z e n 's  (1 9 7 7 ) r e v is io n  o f  

th e  X y a lid a e  a r e  X. s t r i a t a  Cobb 1920 X. r iem a n n i Boucher and H e lle o u e t  

1977 , and X. im p a r is  B oucher and H e l le o u e t  1 9 7 7 . T hese s p e c i e s  form a  

secon d  hom ogeneous group .

The problem  in  th e  taxonomy o f  th e s e  two g en er a  i s  th e  p la c in g  o f  

G. lo n g ic a u d a tu s  (Ward 1 9 7 2 ), w hich  L oren zen  tr a n s fe r r e d  to  G onionchus  

from X y a la , and G. s e n s i b i l i s  L oren zen  1 9 7 7 . T hese s p e c i e s  resem b le  each  

o th e r  c l o s e l y .  They h ave n e i t h e r  t e e t h  w it h in  th e  b u c ca l c a v i t y  nor a 

c u t i c u la r i z e d  band around i t .  T h e ir  c u t i c l e s  h ave lo n g i t u d in a l  r id g e s  as 

w e ll  as t r a n s v e r s e  a n n u la t io n . The body s e t a e  a r e  n o t e x c e p t io n a l ly  lo n g .  

In  a l l  th e s e  r e s p e c t s  t h e s e  s p e c i e s  r e sem b le  X y a la  r a th e r  th a n  G onion ch u s. 

L orenzen  p la c e s  them in  G onionchus b eca u se  h e c o n s id e r s  th a t  th e y  have h igh  

l i p s  o f  a ty p e  o th e r w is e  found o n ly  in  th e  o th e r  G onionchus s p e c i e s  and 

th a t  th e s e  l i p s  c h a r a c t e r iz e  a m o n o p h y le tic  g ro u p .

E xam ination  o f  sp ecim en s o f  G. c u m b r a e n s is , G. in a e q u a l i s ,

G. lo n g ic a u d a tu s , X . s t r i a t a  and X. r iem an n i has shown th a t  th e  l i p s  o f  a l l  

th e s e  s p e c ie s  have th e  same b a s ic  s t r u c t u r e .  T h ere i s  a te rm in a l f l a p ,  

o f t e n  lo n g i t u d in a l ly  s t r i a t e d ,  s e p a r a te d  from th e  p o s t e r io r  p a r t o f  th e  

l i p  by a septum  a n t e r io r  to  the l a b i a l  s e t a e .  T h is  i s  b e s t  shown, fo r  

th e  th r e e  s p e c ie s  g r o u p s , in  the d e s c r ip t io n s  o f  G. cu m b raen sis  a b o v e ,

G. s e n s i b i l i s  in  L oren zen  (1 9 7 7 ) and X. r iem ann i in  L orenzen  (1 9 7 8 ) ,  The 

l i p s  o f  the th r e e  s p e c ie s  groups do d i f f e r ,  b u t th e r e  i s  no s t r o n g  rea so n  

to  c l a s s i f y  G. lo n g ic a u d a tu s  and G. s e n s i b i l i s  w ith  G onionchus r a t h e r  th an
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w ith  X y a la . I t  seem s p r e f e r a b le  to  u s e  a c l a s s i f i c a t i o n  b a sed  on s e v e r a l  

c h a r a c te r s  any o f  w hich  can rea so n a b ly  b e g iv e n  more w e ig h t  than  can  

th e  s t r u c t u r e  o f  th e  l i p s :  th e  t e e t h ,  th e  c u t i c u la r i z e d  band, and th e  

c u t i c u l a r  o rn a m en ta tio n .

I t  i s  t h e r e f o r e  prop osed  th a t  G. lo n g ic a u d a tu s  be r e tu r n e d  t o ,  

and G. s e n s i b i l i s  tr a n s fe r r e d  t o ,  X y a la . a s  X. lo n g ic a u d a ta  Ward 1972 

and X. s e n s i b i l i s  (L oren zen  1977) r e s p e c t i v e l y .  An a l t e r n a t iv e  would be 

t o  e r e c t  a s e p a r a te  genus fo r  t h e s e  two s p e c i e s .  T h is seem s t o  be 

u n n e c e ssa r y  a t  th e  p r e s e n t  but c o u ld  be done l a t e r ,  p a r t i c u la r ly  i f  

a d d it io n a l  s p e c i e s  a re  d is c o v e r e d .
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SUMMARY

Two s p e c i e s  o f  f r e e - l i v i n g  m arine nem atode from a s u b l i t t o r a l  

sand a t  Tomont End, I s l e  o f  Cumbrae, S c o t la n d  a re  d e s c r ib e d . One o f  

t h e s e ,  G onionchus cu m b ra en sis  s p . n ov . i s  new to  s c i e n c e ,  th e  o th e r  

E n o p lo id e s  sp ic u lo h a m a tu s  S c h u lz  was p r e v io u s ly  o n ly  p o o r ly  d e s c r ib e d .

The taxonomy o f  th e g en era  G onionchus and X y a la  i s  d i s c u s s e d .
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