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Summary o f  Work 

We u s e d  t h e  o p p o r t u n i t y  o f  v i s i t i n g  I c e l a n d  t o  p u r s u e  t h r e e  

i n d e p e n d e n t  b u t  r e l a t e d  p r o b l e m s ,  wh ich  w i l l  b e  d i s c u s s e d  s e p a r a t e -  

l y  be low.  

I .  B i o c h e m i c a l  e c o l o g y  o f  L e u c o t h r i x  mucor.  

L e u c o t h r i x  mucor ( O e r s t e d )  is a  mar ine  mic roorgan izm t h a t  

h a s  b e e n  s t u d i e s  ma in ly  i n  t h e  l a b o r a t o r y .  L. mucor is e x c e l l e n t  - 
f o r  a u t e c o l o g i c a l  i n v e s t i g a t i o n  b e c a u s e  i t  is l a r g e  and h a s  

c h a r a c t e r i s t i c  m o r p h o l o g i c a l  f e a t u r e s  t h a t  c a n  b e  r e c o g n i z e d  i n  

n a t u r a l  c o l l e c t i o n s ;  i t  grows a s  an e p i p h y t e  on m a r i n e  a l g a e ,  

and u s u a l l y  i t s  f i l a m e n t s  p r o j e c t  p e r p e n d i c u l a r l y  from t h e  s u r -  

f a c e  o f  a l g a l  f r o n d s ,  p e r m i t t i n g  e a s y  m i c r o s c o p i c  s t u d y ;  i t  

u n d e r g o e s  c h a r a c t e r i s t i c  m o r p h o g e n e t i c  c h a n g e s  t h a t  a r e  p r o b a b l y  

o f  e c o l o g i c a l  s i g n i f i c a n c e ;  and i t  i s  w i d e s p r e a d  i n  m a r i n e  en-  

v i r o n m e n t s ,  and a  s t u d y  o f  i t s  e c o l o g y  may b e  e x p e c t e d  t o  have  

some r e l e v a n c e  t o  b r o a d e r  p rob lems  o f  m a r i n e  m i c r o b i o l o g y .  It 

is o f t e n  t h e  most common m a r i n e  mic roorgan i sm when viewed mic ro -  

s c o p i c a l l y ,  b u t  i t  r a r e l y  a p p e a r s  o n  a g a r  p l a n t  c u l t u r e s  u n l e s s  

s p e c i a l  p r e c a u t i o n s  a r e  t a k e n .  

I n  n a t u r e ,  a  wide  v a r i e t y  o f  f i l a m e n t o u s  and l e a f y  r e d  

a l g a e  h a s  b e e n  found t o  b e  c o l o n i z e d  w i t h  L. mucor.  The r e a s o n  - 
t h a t  r e d  a l g a e  a r e  s o  r e a d i l y  c o l o n i z e d  may b e  t h e  n a t u r e  o f  t h e  

a l g a l  s u r f a c e .  Red a l g a e  do n o t  p roduce  l a r g e  amounts o f  mucus 

o r  s l i m e ,  and it would be  e x p e c t e d  t h a t  t h e i r  s u r f a c e s  would 

p r o v i d e  a  r e a s o n a b l e  d e g r e e  o f  s t a b i l i t y .  Because  L. mucor w i l l  - 



a t t a c h  t o  g l a s s  o r  c o t t o n ,  i t  does  not  seem l i k e l y  t h a t  any 

s p e c i f i c  s u r f a c e  p r o p e r t i e s  a r e  r e q u i r e d  fo r  a t t achment .  Fur ther  

t h e  r e d  a l g a e  comprise many f i l amentous  s p e c i e s ,  and f i l a m e n t s  

p rov ide  a  g r e a t e r  s u r f a c e  a r e a  f o r  a t tachment  t han  would a  s i m i l a r  

volume o f  l e a f y  m a t e r i a l .  

Where t h e  wate r  is s t i l l  o r  slow moving, - L. mucor is r a r e ,  

but  i t  occu r s  a t  ext remely high d e n s i t i e s  on r e d  a l g a e  growing 

i n  r a p i d l y  moving wate r .  Thus, rocky a r e a s  w i t h  much wave a c t i o n  

o r  t i d a l  c u r r e n t  always prov ide  seaweeds t h a t  a r e  heav i ly  covered 

w i th  L .  mucor f i l amen t s .  Pure  c u l t u r e s  o f  L. mucor grow w e l l  i n  - - 
l i q u i d  medium only  when r a p i d l y  shaken,  and t h i s  is c o n s i s t e n t  

w i t h  t h e  requirement  o f  wate r  movement f o r  good growth i n  n a t u r e .  

I t  is no t  c l e a r  whether t h e  requirement  o f  wate r  movement is f o r  

a e r a t i o n  o r  fo r  some o t h e r  purpose  

Geographica l ly ,  - L. mucor is widely d i s t r i b u t e d  i n  temperate  

wa te r s .  I have i s o l a t e d  pure  c u l t u r e s  from seaweeds c o l l e c t e d  i n  

Puget  Sound, Washington, Long I s l a n d  Soung, Connec t i cu t ,  Nattag- 

a n s e t t  Bay, Rhode I s l and  and Cape Reykjanes and F a x i f l o i  F jo rd ,  

I ce l and .  

The i s o l a t e s  from I c e l a n d i c  m a t e r i a l  a r e  q u i t e  t y p i c a l  o f  

t h e  s p e c i e s  a s  a  whole. DNA base  composi t ions  were r u n  on t h e s e  

i s o l a t e s  i n  comparison w i t h  t h o s e  from o t h e r  a r e a s .  The d a t a  a r e  

p r e sen t ed  i n  Table  1. 

These d a t a  sugges t  t h a t  t h e  I c e l a n d i c  s t r a i n s  ( i s o l a t e d  i n  

b o t h  1965 and 1966) a r e  very  s i m i l a r  t o  o t h e r  s t r a i n s  i s o l a t e d  

throughout  t h e  world .  These r e s u l t s  a r e  c o n s i s t e n t  w i t h  t h e  

hypo thes i s  t h a t  e f f i c i e n t  d i s p e r s a l  mechanisms t o  I ce l and  f o r  

marine organisms e x i s t .  
a 



The t e c h n i q u e  o f  m i c r o s c o p i c  a u t o r a d i o g r a p h y  w i t h  t r i t i a t e d  

t h y m i d i n e  was used  t o  s t u d y  t h e  r a t e  and manner o f  m i c r o b i a l  growth  

o f  L .  mucor d i r e c t l y  i n  n a t u r e .  The t e c h n i q u e  was deve loped  i n i t i -  - 
a l l y  w i t h  p u r e  c u l t u r e s ,  and by r e l a t i n g  growth  r a t e  t o  t h e  r a t e  

o f  a c c u m u l a t i o n  o f  r a d i o a c t i v e  ce l l s ,  i t  was p o s s i b l e  t o  d e r i v e  a  

c o n s t a n t  which  c o u l d  be  used  t o  c a l c u l a t e  growth  r a t e  i n  n a t u r a l  

m a t e r i a l  and i n  two-membered c u l t u r e s  o f  L.  mucor growing e p i -  - 
p h y t i c a l l y  on  p u r e  s u l t u r e s  o f  mar ine  a l g a e .  The growth  r a t e  

( g e n e r a t i o n  t i m e )  i n  two-membered c u l t u r e  w i t h  t h e  r e d  a l g a  

Ant i thamnion s a r n i e n s e  was c a l c u l a t e d  t o  be  9 4  m i n u t e s  under  t h e  

c o n d i t i o n s  u s e d .  I n  n a t u r e  t h e  g rowth  r a t e  was c a l c u l a t e d  t o  b e  

678 m i n u t e s  i n  a  sample from I c e l a n d  and 660 m i n u t e s  i n  a  sample  

from Long I s l a n d  Sound. T h e r e  was no e v i d e n c e  o f  p r e f e r e n t i a l  

growth  i n  t h e  b a s a l  p o r t i o n  o f  a  b a c t e r i a l  f i l a m e n t  n e a r e s t  t h e  

a l g a l  s u r f a c e .  However, f i l a m e n t o u s  growth  i n  n a t u r e  b u t  n o t  i n  

p u r e  o r  two-membered c u l t u r e  was nonrandom, showing r e g i o n s  where 

growth  was c l u s t e r e d  and o t h e r  r e g i o n s  which were  r e l a t i v e l y  

dormant .  

These  r e s u l t s  show t h a t  t h e  g rowth  r a t e  o f  L. mucor i n  I c e -  - 
l a n d i c  m a t e r i a l  is q u i t e  a n a l o g o u s  t o  t h a t  i n  o t h e r  mar ine  en- 

v i r o n m e n t s .  

11. E c o l o g i c a l  o b s e r v a t i o n s  on  I c e l a n d i c  h o t  s p r i n g s .  

O r d i n a r i l y  l i g h t  and t e m p e r a t u r e  a r e  n o t  i n d e p e n d e n t  en- 

v i r o n m e n t a l  f a c t o r s  i n  n a t u r e ,  s i n c e  t h e  l a t t e r  is  c o r r e l a t e d  

w i t h  t h e  f o r m e r ,  a t  l e a s t  i n  a  g e n e r a l  way. Hot s p r i n g s  p r o v i d e  

an e x c e p t i o n ,  s i n c e  t e m p e r a t u r e  r e m a i n s  c o n s t a n t  t h r o u g h o u t  t h e  

y e a r ,  and o n l y  l i g h t  v a r i e s .  T h i s  is e s p e c i a l l y  p e r t i n e n t  i n  

I c e l a n d ,  where d u r i n g  t h e  w i n t e r  d a y s  a r e  q u i t e  s h o r t .  We have 

per formed b i o c h e m i c a l  s t u d i e s  on  c e r t a i n  I c e l a n d i c  h o t  s p r i n g s ,  

and e s p e c i a l l y  one  i n  t h e  G e y s i r  g r o u p  which p r o v i d e d  an ex- 

c e l l e n t  t h e r m a l  g r a d i e n t .  I n  l a t e  summer (Augus t ,  1965)  t h e  upper  

t e m p e r a t u r e  f o r  a l g a l  development  was around 60°c, which  is 

o v e r  l o 0  lower  t h a n  i n  Ye l lows tone .  C h l o r o p h y l l ,  RNA and p r o -  

t a i n  v a l u e s  (which  measure s t a n d i n g  c r o p )  were  a l s o  lower  t h a n  

i n  Y e l l o w s t o n e .  



In  May 1966 we r e t u r n e d  t o  t h i s  same s p r i n g  t o  f i nd  i t  

complete ly  changed. There was no a l g a l  growth above 45', and 

a t  any tempera ture  t h e  s t a n d i n g  c rop  was s o  low t h a t  we cou ld  

no t  t a k e  q u a n t i t a t i v e  samples.  C l e a r l y ,  t h e  a lgae  had d i sappeared  

d u r i n g  w i n t e r ,  and were j u s t  r e t u r n i n g .  Th i s  is s u r p r i s i n g  when 

i t  is r e c a l l e d  t h a t  day l e n g t h  i n  e a r l y  May is about 17  hou r s .  

These r e s u l t s  need t o  be g r e a t l y  extended.  I t  i s  e s p e c i a l l y  i m -  

p o r t a n t  t o  know what happens t o  t h e  a l g a l  mat du r ing  t h e  w i n t e r .  

I I I .  Observa t ions  on Su r t s ey  . 
The v i s i t  t o  Su r t s ey  was on May 5 ,  1966, by h e l i c o p t e r .  

The e r u p t i o n  was q u i t e  a c t i v e  from t h e  sma l l  i s l a n d  on t h e  

sou th -eas t  s i d e ,  and mast o f  t h i s  s i d e  o f  Su r t s ey  was covered 

w i t h  a  t h i c k  l a y e r  o f  v o l c a n i c  ash .  A complete c i r c u i t  o f  t h e  

i s l a n d  was made on f o o t ,  bu t  because  o f  t h e  p r e c i p i t o u s  c l i f f s  

i t  was no t  p o s s i b l e  t o  examine t h e  s h o r e  l i n e  a s  w e l l  a s  t h e  

i n n e r  i s l a n d  a t  t h e  same t ime .  S e v e r a l  a t t e m p t s  t o  c l imb down 

from t h e  upper l e v e l  t o  t h e  sho re  l i n e  were unsucces s fu l .  Many 

fumaroles  were s t i l l  a c t i v e  on t h e  s o u t h  s i d e  o f  t h e  i s l a n d .  

These fumaroles provided t h e  only  sou rce  o f  mo i s tu re ,  and i n  

c r e v i c e s  sur rounding  fumaroles condensa t ion  occu r r ed .  From one 

rock  i n  such  a  c r e v i c e ,  microscopic  examinat ion r evea l ed  a  few 

b a c t e r i a ,  which were very  narrow, t h i n  rod-shaped forms 

6 . < l y d i a m . D .  A s  y e t  t h e s e  have no t  been c u l t i v a t e d  i n  t h e  

l a b o r a t o r y ,  s o  t h a t  no th ing  can be s a i d  about t h e i r  d e t a i l e d  

c h a r a c t e r i s t i c s .  

The beach on t h e  n o r t h  s i d e  was washed w i t h  heavy waves 

and was hence a  r a t h e r  u n s t a b l e  environment f o r  macrophytic 

a l g a e .  Sand c o l l e c t e d  from t h i s  oeach was examined micro- 

s c o p i c a l l y  t h e  i n t e r s t i t i a l  wa te r  con ta ined  r a r e  o r g a n i c  

agg rega t e s  c o n t a i n i n g  very t i n y  b a c t e r i a .  These resemble  t h o s e  

s e e n  by t h e  a u t h o r s  w i t h  D r .  A.L.S. Munro on t h e  west  c o a s t  o f  

Sco t land  (Loch m e )  and have y e t  been u n i d e n t i f i e d  i n  bo th  p l a c e s .  

I t  is l i k e l y  t h a t  o r g a n i c  ma t t e r  from t h e  s e a  water  i s  absorb ing  

t o  t h e  sand p a r t i c l e s  and p rov id ing  n u t r i e n t s  f o r  t h e  growth o f  



b a c t e r i a ,  i n  t h e  manner d i s cus sed  by Brock, T.D., P r i n c i p l e s  of  

Mic rob ia l  Ecology,  P ren t i ce -Ha l l ,  Inc .  

The s e a  water  lagoon on Su r t s ey  was heav i ly  co lon ized  by 

g u l l s .  When t h e  h e l i c o p t e r  landed t h e s e  were f r i g h t e n e d  away, 

and numbered w e l l  over  100. The r e s u l t s  o f  t h e i r  r e s i d e n c e  along- 

s i d e  t h e  lagoon a r e  w e l l  i n  evidence - e x t e n s i v e  f e c a l  d e p o s i t s  

i n  t h e  water  and a long  t h e  edge o f  t h e  lagoon.  Indeed,  t h i s  

lagoon may be cons idered  p o l l u t e d ,  o r  a t  l e a s t  e u t r o p h i c .  Accord- 

i n g l y ,  i t  was t h e  l o c a t i o n  where t h e  h e a v i e s t  m ic rob ia l  deve l -  

opment was seen .  On t h e  s u r f a c e  o f  t h e  lagoon bottom, j u s t  near  

t h e  w a t e r ' s  edge,  a  brownish l a y e r  had developed,  and i n  t h i s  

could  be s e e n  l a r g e  numbers o f  u n i c e l l u l a r  chlorophycean a l g a e ,  

and r a r e  f l a g e l l a t e s .  S ince  i t  is w e l l  e s t a b l i s h e d  t h a t  wate r  

b i r d s  can t r a n s m i t  a l g a e ,  t h i s  o b s e r v a t i o n  is no t  s u r p r i s i n g .  

The pH o f  t h e  lagoon water  was 7.86. 

No s i g n s  o f  t e r r e s t r i a l  p l a n t s  were s een  du r ing  t h e  c i r-  

c u i t  o f  t h e  i s l a n d .  The con t inu ing  e x t e n s i v e  d e p o s i t i o n  o f  ash  

on t h e  s o u t h  s i d e  makes any immediate p l a n t  c o l o n i z a t i o n  u n l i k e l y  



The fo l l owing  p u b l i c a t i o n s  i n c l u d e  work done on I ce l and  

under sponso r sh ip  o f  t h e  S u r t s e y  Research S o c i e t y ,  i n  1965 

and 1966. 
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