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ABSTRACT

The e c o logy  and taxonomy of  d i n o f l a g e l l a t e s  was i n v e s t i g a t e d  

in  1982 and 1983 i n  s e a - l o c h s  and c o a s t a l  w a t e r s  of  n o r t h - w e s t e r n  

S c o t l a n d ,  in  o r d e r  to  p r o v id e  a b e t t e r  u n d e r s t a n d i n g  o f  

c o n d i t i o n s  l e a d i n g  t o  blooms h a rm f u l  t o  m a r i c u l t u r e .  Because 

such blooms a r e  r a r e  t h e  eco logy  of  a l l  common t h e c a t e  

d i n o f l a g e l l a t e s  was s t u d i e d ,  p a r t i c u l a r  a t t e n t i o n  b e in g  p a id  t o  

t h e  c y s t  s t a g e  and i t s  r o l e  i n  bloom i n i t i a t i o n .  C r e r a n ,  a 

f j o r d i c  s e a - l o c h  n e a r  Oban, was t h e  main  s i t e  o f  s t u d y ;  w a t e r  

column s a m p l ing  was c a r r i e d  o u t  r e g u l a r l y  i n  1982 and 1983 and 

t h e  s e d im e n t s  were  sampled f o r  c y s t s  i n  1983 .  D i s t r i b u t i o n  o f  

m o t i l e  d i n o f l a g e l l a t e s  and t h e i r  c y s t s  on t h e  w e s t  c o a s t  of  

S c o t l a n d  was a l s o  i n v e s t i g a t e d  on c r u i s e s  of  t h e  R.V. C a la n u s  i n  

t h e  summers o f  1982 and 1983. I d e n t i f i c a t i o n  o f  c e l l s  was 

c a r r i e d  o u t  by l i g h t  m ic r o s c o p y  sup p le m e n te d  by s t u d i e s  u s i n g  

s c a n n i n g  e l e c t r o n  m i c r o s c o p y .  Links  be tw een  c y s t s  and m o t i l e  

s t a g e s  w e re  made by h a t c h i n g  e x p e r i m e n t s ,  and t h e s e  and s c a n n i n g  

e l e c t r o n  m ic r o s c o p y  have  l e d  t o  the  d i s c o v e r y  of  some new c y s t -  

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

I n  Loch C re ra n  t h e  f i r s t  peak o f  d i n o f l a g e l l a t e  numbers 

o c c u r r e d  i n  May o r  June  w i t h  warming o f  t h e  w a t e r  column and was 

domina ted by S c r i p p s i e l l a  s p p . ,  accompanied i n  1983 by Gonyaulax 

t a m a r e n s i s . Dur ing J u l y  and August  t h e r e  was a mixed p o p u l a t i o n ,  

i n c l u d i n g  S c r i p p s i e l l a  s p p . ,  H e t e r o c a p s a  t r i q u e t r a ,

P r o t o p e r i d i n i u m  s p p .  and D i p l o p s a l i s  s p p .  S a l i n i t y  s t r a t i f i c a t i o n  

a t  t h e  end o f  August  p r e c e d e d  an  autumn s u c c e s s i o n  o f  

G. p o l y e d r a , P r o r o c e n t r u m  m icans  and C e ra t iu m  s p e c i e s .  

O b s e r v a t i o n s  s u g g e s t  t h a t  G. p o l y e d r a  c y s t s  s i n k  r a p i d l y  and a r e  

r e t a i n e d  w i t h i n  t h e  l o c h ,  s e e d i n g  blooms i n  s u b s e q u e n t  y e a r s .  

Two o t h e r  l i f e  s t r a t e g i e s  w ere  h y p o t h e s i z e d  a s  t h e  c a u s e s  f o r  

d i f f e r e n t  o b s e r v e d  p a t t e r n s  o f  s e a s o n a l  d i s t r i b u t i o n .  One 

i n v o l v e s  n o n - c y s t - f o r m i n g  s p e c i e s  ( f o r  example Pro t o p e r i d i n i  um
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b i p e s  and P r o ro c e n t ru m  m i c a n s ) p r e s e n t  in  t h e  l och  as  m o t i l e  

c e l l s  i n  sm al l  numbers  t h r o u g h o u t  t h e  y e a r ,  and o c c a s i o n a l l y  

r e a c h i n g  h i g h  c o n c e n t r a t i o n s .  The o t h e r  i n v o l v e s  s p e c i e s  ( f o r  

example P r o t o p e r i d i n i u m  depressum and C e ra t ium  f u r c a ) whose 

m o t i l e  c e l l s  a r e  t r a n s p o r t e d  t o  t h e  l o c h  by t i d a l  exchange  or  

e s t u a r i n e  c i r c u l a t i o n  from t h e  sea  o u t s i d e .

S e v e n ty - tw o  s p e c i e s  of  m o t i l e  t h e c a t e  d i n o f l a g e l l a t e s  w e re  

found i n  t h e  d i s t r i b u t i o n a l  s t u d y .  D i n o f l a g e l l a t e  abundance  and 

v a r i e t y  were g r e a t e s t  i n  w e l l -  o r  p a r t i a l l y - s t r a t i f i e d  w a t e r  

co lum ns .  Of p o t e n t i a l l y  t o x i c  s p e c i e s  on ly  Gonyaulax t a m a r e n s i s  

was found t o  be  w i d e s p r e a d  i n  1983.  C y s t s  v a r i e d  i n  t h e i r  

d i s t r i b u t i o n ,  w i t h  numbers  h i g h e r  i n  s e a - l o c h s  th a n  i n  F i r t h s  and 

Sounds .  C o n s i d e r a b l e  s u b - s u r f a c e  p o p u l a t i o n s  of  c y s t s  w ere  n o t e d  

in  t h e  s e d im e n t s  and v i a b l e  c y s t s  were  e n c o u n t e r e d  a t  5 cm d e p t h .
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CHAPTER 1 

INTRODUCTION

The S c o t t i s h  w e s t  c o a s t  i s  c r e a s e d  by l a r g e  and smal l  

i n r o a d s  o f  t h e  s ea  ( F i g .  1 . 1 ) .  The sm a l l  i n d e n t a t i o n s ,  t h e  s e a -  

l o c h s ,  a r e  s h e l t e r e d ,  u n p o l l u t e d  b o d i e s  o f  sea  w a t e r  w e l l  s u i t e d  

f o r  t h e  s i t i n g  o f  m a r i n e  f i s h  f a r m s .  The p a s t  decade  has  seen  a 

r a p i d  r i s e  i n  t h e  number of  such farms i n  t h e s e  a p p a r e n t l y  i d e a l  

c o n d i t i o n s .  I n  1979 and 1980,  how ever ,  t h e r e  w e re  l o s s e s  of  many 

tonnes  o f  farmed Salmon.  These  l o s s e s  were  a t t r i b u t e d  t o  

p h y t o p l a n k t o n  b looms .

The i n c i d e n t  in  1980 ( i n  Loch Fyne)  was c l e a r l y  a s s o c i a t e d  

w i t h  a bloom o f  t h e  d i n o f l a g e l l a t e  Gyrodin ium aureo lum  ( J o n e s ,  

A y r e s ,  B u l l o c k ,  R o b e r t s ,  and T e t t ,  1 9 8 2 ) .  D i n o f l a g e l l a t e  blooms 

or  r ed  t i d e s  a r e  a w e l l  known phenomenon ( f o r  examples  see

L o C ic e r o ,  1975;  T a y lo r  and S e l i g e r  1 9 7 8 ) .  They a r e  f r e q u e n t l y  

m o n o s p e c i f i c  and c e r t a i n  c a u s a t i v e  s p e c i e s  a r e  known t o  be  t o x i c .  

Tox ins  can e i t h e r  c a u s e  d i r e c t  m o r t a l i t y  of  m a r i n e  o rgan i sm s  

( e . g .  t h e  t o x i c  e f f e c t  o f  G. a u r e o l u m , E n g l i s h  Channel  i n  1978;  

B o a lc h ,  1979)  o r  t hey  can be t r a n s m i t t e d  t h ro u g h  t h e  food c h a in  

to  c a u se  m o r t a l i t y  of  h i g h e r  o rgan i sm s  ( e . g .  Gonyaulax  

t a m a r e n s i s , e a s t  c o a s t  o f  G r e a t  B r i t a i n  i n  1967; Coulson  e t  a l . ,  

1 9 6 8 ) .  The fo rm er  problem c a u s e s  economic d i f f i c u l t i e s  ( e . g .  t h e  

v a l u e  o f  dead  s t o c k  o r  t h e  c o s t  o f  i n s u r i n g  a g a i n s t  bloom l o s s e s )

and t h e  l a t t e r  i s  a d i r e c t  h e a l t h  t h r e a t  ( as  i n  t h e  c a s e  of

p a r a l y t i c  s h e l l f i s h  p o i s o n i n g ) .

Dur ing  1980, b e c a u s e  of  t h e  c o n c e r n  a b o u t  p h y t o p l a n k t o n

blooms a g e n e r a l  r e s e a r c h  programme was begun by t h e  S c o t t i s h

Marine  B i o l o g i c a l  A s s o c i a t i o n  (S.M.B.A) e n t i t l e d  " P h y t o p l a n k t o n  

and M a r i c u l t u r e " .  As p a r t  o f  t h a t  s tu d y  i t  was d e c i d e d  t o  

i n v e s t i g a t e  t h e  ec o lo g y  and taxonomy of  d i n o f l a g e l l a t e s  i n  s e a -  

l o c h s  and i t  i s  t h e  r e s u l t s  o f  t h i s  work t h a t  a r e  c o n t a i n e d  i n
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t h e  p r e s e n t  t h e s i s .  The aim was t o  improve t h e  u n d e r s t a n d i n g  o f  

d i n o f l a g e l l a t e  e c o logy  w i t h i n  s e a - l o c h s  w i t h  a v iew  t o  b e i n g  a b l e  

to  p r e d i c t  blooms and d e c i d e  on t h e  s u i t a b i l i t y  of  s i t e s  f o r  f i s h  

f a r m i n g .  A summary of  o t h e r  work i s  g i v e n  by Gowen ( 1 9 8 4 ) .

Toxic  blooms of  p h y t o p l a n k t o n  h a v e ,  however ,  been  a r a r e  and 

u n p r e d i c t a b l e  o c c u r r e n c e  i n  S c o t t i s h  w a t e r s ,  so t h e  p r o j e c t  was 

i n t e n d e d  t o  c o n c e n t r a t e  on t h e  g e n e r a l  ec o lo g y  of  d i n o f l a g e l l a t e s  

a l t h o u g h  a l l o w i n g  t h e  p o s s i b i l i t y  o f  s t u d y i n g  blooms when they  

h a ppe ned .  Dur ing t h e  s a m p l ing  p e r i o d  ( A p r i l  1982 -  November

1983)  on ly  one r e l e v a n t  i n c i d e n t  i n v o l v i n g  a f i s h  farm o c c u r r e d .  

The o rgan i sm  t h a t  was i m p l i c a t e d  i n  t h i s  c a se  was no t  a

d i n o f l a g e l l a t e  b u t  a s m a l l  f l a g e l l a t e  ("X") of  unknown a f f i n i t y  

(Gowen and Lewis and B u l l o c k ,  1 9 8 2 ) .

The c l a s s i c a l  p i c t u r e  of  t h e  s e a s o n a l  d i s t r i b u t i o n  o f

d i n o f l a g e l l a t e s  d e s c i b e s  t h e i r  f i r s t  i n c r e a s e  i n  numbers a f t e r  

t h e  s p r i n g  bloom o f  d i a t o m s ,  m a i n t e n a n c e  o f  h ig h  numbers  d u r i n g  

t h e  summer /  e a r l y  autumn w i t h  a g r a d u a l  d rop  i n  numbers a f t e r

t h i s  ( f o r  example s e e  L e b o u r ,  1 9 2 5 ) .  T h i s  p i c t u r e  i s  somewhat

e n l a r g e d  by t h e  s u g g e s t i o n s  o f  M a rg a l e f  (1978 )  t h a t  

d i n o f l a g e l l a t e s  a r e  a s s o c i a t e d  w i t h  low t u r b u l e n c e  and low 

n u t r i e n t  c o n c e n t r a t i o n s  u n l i k e  d i a to m s  which  a r e  a s s o c i a t e d  w i t h  

t u r b u l e n t  w a t e r s  and h i g h  n u t r i e n t  c o n c e n t r a t i o n s .  These 

h y p o t h e s e s  r e f e r  t o  ' s t e a d y - s t a t e '  c o n d i t i o n s .  I n  t h e  s e a - l o c h s  

s h o r t - t e r m  p h y s i c a l  p r o c e s s e s  ( w i th  t i m e - s c a l e s  o f  s e v e r a l  d a y s ,  

c omparab le  to  t h e  t i m e - s c a l e  o f  d i n o f l a g e l l a t e  p o p u l a t i o n  g row th )  

can be i m p o r t a n t  and t h e r e f o r e  c o n d i t i o n s  a r e  u n l i k e l y  t o  r e a c h  a 

s t e a d y  s t a t e  so f a r  a s  s p e c i e s  c o m p o s i t i o n  i s  c o n c e r n e d .  

However ,  Gowen (1984)  s u g g e s t s  t h a t  t h e  p h y t o p l a n k t o n  c o m p o s i t i o n  

found i n  S c o t t i s h  c o a s t a l  w a t e r s  i s  i n  g e n e r a l  a g re e m e n t  w i t h  

M a r g a l e f ' s  h y p o t h e s i s ,  t h e  g r e a t e s t  d i n o f l a g e l l a t e  b iom ass  b e in g  

found i n  w a t e r s  columns of  i n t e r m e d i a t e  and s t r o n g  

s t r a t i f i c a t i o n .



— 20 -

I n  a d d i t i o n  t o  t h e  s t r u c t u r e  o f  t h e  w a t e r  column,  f a c t o r s  

l i k e l y  t o  a f f e c t  s p e c i e s  c o m p o s i t i o n  a r e  o t h e r  p h y s i c a l  

p r o c e s s e s ,  e s p e c i a l l y  f l u s h i n g  o f  s e a - l o c h s  ( e . g .  Gowen e t  a l . ,  

1983) ;  g r a z i n g  ( S t o e c k e r  £ t  a j [ . , 1981)  and t h e  l i f e  c y c l e  e v e n t s  

of  t h e  d i n o f l a g e l l a t e s . The l a t t e r  has  been l a r g e l y  n e g l e c t e d  i n  

e c o l o g i c a l  s t u d i e s .

The l i f e - c y c l e  o f  some d i n o f l a g e l l a t e s  i n c l u d e s  a c y s t  

s t a g e ,  which may spend  p a r t  o f  t h e  y e a r  i n  t h e  b e n t h o s .  U n t i l  

r e c e n t l y  and a p a r t  from o c c a s i o n a l  m en t io n  i n  t h e  o l d e r  

p h y c o l o g i c a l  p a p e r s  ( e . g .  N o r d l i ,  1951)  c y s t s  have  been  s t u d i e d  

a lm o s t  e x c l u s i v e l y  by p a l y n o l o g i s t s . T h e i r  p o s s i b l e  r o l e  i n  t h e  

i n i t i a t i o n  o f  r ed  t i d e s  ( S t e i d i n g e r ,  1975)  has  l e d  t o  a g r e a t  

d e a l  o f  s t u d y  i n  t h i s  c o n t e x t  ( e . g .  Anderson ,  1 9 8 0 ) .  However ,  

l i t t l e  work h a s  been  done i n  t h e  c o n t e x t  of  t h e  c y s t s '  r o l e  i n  

the  g e n e r a l  e c o lo g y  of  m a r i n e  d i n o f l a g e l l a t e s . T h i s  s tu d y  

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

D i n o f l a g e l l a t e  i d e n t i f i c a t i o n  r e q u i r e s  d e t a i l e d  e x a m i n a t i o n  

of  t h e c a l  s t r u c t u r e ,  which o f t e n  can on ly  be c a r r i e d  o u t  e a s i l y  

w i t h  t h e  s c a n n i n g  e l e c t r o n  m i c r o s c o p e .  C y s t s  and c y s t  h a t c h i n g  

e x p e r i m e n t s  p r o v i d e  f u r t h e r  i n f o r m a t i o n  on t h e  i d e n t i f i c a t i o n  and 

s y s t e m a t i c  p o s i t i o n  o f  t h e  m o t i l e  s t a g e ,  A f i n a l  aim o f  t h e  

p r o j e c t  was w i t h  t h e  a i d  o f  t h e s e  t e c h n i q u e s  to  improve  t h e  

taxonomic q u a l i t y  o f  p r e v i o u s  s t u d i e s  o f  d i n o f l a g e l l a t e s  i n  s e a -  

l o c h s  n e a r  Oban. The work t h u s  h a s  a s t r o n g  t axonmic  as  w e l l  as  

an e c o l o g i c a l  component ,  and b e c a u s e  of  t h e  d i v e r s i t y  of 

l i t e r a t u r e  a s s o c i a t e d  w i t h  each  a s p e c t ,  i t  was f e l t  b e t t e r  to  

de a l  w i t h  t h e  l i t e r a t u r e  p i e c e m e a l .  Thus each c h a p t e r  s t a r t s  

w i t h  a r ev i e w  o f  m a t e r i a l  p e r t i n a n t  t o  i t s  s u b j e c t .
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CHAPTER 2 

MATERIALS AND METHODS

PHYTOPLANKTON COLLECTION

Two m ain  s t r a t e g i e s  were  d e v i s e d  t o  i n v e s t i g a t e  t h e  eco logy  

of d i n o f l a g e l l a t e s  i n  t h e  s e a  l o c h s .  The f i r s t  i n v o l v e d  sam p l ing  

on a r e g u l a r  b a s i s  i n  one lo c h  and t h e  second i n v o l v e d  sam pl ing  

over  a wide a r e a  to  o b t a i n  a n e a r l y  s y n o p t i c  view on s i n g l e  

o c c a s i o n s .  Loch C re ran  was chosen  a s  a s u i t a b l e  s i t e  f o r  r e g u l a r  

s a m p l in g ;  p a r t l y  b e c a u s e  of  i t s  r ea d y  a c c e s s a b i l i t y  by road  and 

by b o a t  and p a r t l y  b e c a u s e  t h e r e  i s  a l r e a d y  e x t e n s i v e  backg round  

i n f o r m a t i o n  a v a i l a b l e  a b o u t  t h i s  l o c h  ( f o r  example T e t t  and 

W a l l i s ,  1 9 7 8 ) .  The d i s t r i b u t i o n a l  s a m p l in g  was c a r r i e d  o u t  on a 

number of  c r u i s e s  ove r  t h e  p e r i o d  o f  s t u d y .

When on boa rd  s h i p  w a t e r  samples  f o r  p h y t o p l a n k t o n  

e n u m e r a t io n  were  c o l l e c t e d  u s i n g  an  N . I .O .  p a t t e r n  w a t e r  b o t t l e  

d ep loyed  on a s u i t a b l e  h y d r o g r a p h i c  w i r e .  When s a m p l ing  from a 

p i e r ,  a s m a l l  b o a t  o r  a t  s h a l l o w  d e p t h s  a C o l l i n ' s  hand sample 

b o t t l e  was u s e d  ( s e e  F i g .  2 . 1 ) .  Both of  t h e s e  s a m p l ing  

t e c h n i q u e s  g iv e  j u s t  ove r  one l i t e r  of  w a t e r  from a p a r t i c u l a r

d e p t h .  The w a t e r  sample t a k e n  was u s e d  t o  r i n s e  and f i l l  a one

l i t e r  thermos f l a s k  which  e n a b le d  t h e  samples  to  be  k e p t  i n  good 

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

w i t h i n  3 -4  h o u r s .

Net  samples  u s i n g  a hand o p e r a t e d  56 jxm mesh n e t  were 

o c c a s i o n a l l y  t a k e n  i n  s u r f a c e  w a t e r s  to  p r o v id e  s u p p le m e n ta l  

m a t e r i a l  f o r  S.E.M.

For  m os t  o f  t h e  y e a r  t h e  c o n c e n t r a t i o n  o f  d i n o f l a g e l l a t e s  i n  

th e  l o c h s  i s  l e s s  t han  1 per  cm^. C o u n t in g  a r e a s o n a b l e  number 

of  c e l l s  i n  a s u i t a b l e  t im e  t h e r e f o r e  can be a p rob lem  so  i t  was

d e c id e d  t h a t  samples  needed  t o  be  c o n c e n t r a t e d .  The method  o f
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Figure 2.1
COLLINS HAND SAMPLER

Rope

Spring

Stoppers on strings

Sample Reservoir

Weight giving bottle high inertia

The sampler is lowered to required depth, where a jerk on the rope 
removes the stoppers allowing the reservoir to be filled with water. 
When bubbles cease it is returned to the surface.
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c o n c e n t r a t i o n  u sed  was s u g g e s t e d  by and m o d i f i e d  from T e t t

( 1 9 6 9 ) .  Using t h e  a p p r o p r i a t e  M i l l i p o r e  a p p a r a t u s  the  w a t e r
M r - T y p e .  M f i W p e r t

sample was c o n c e n t r a t e d  on to  an 8 ^ / m e m b r a n e  f i l t e r  by g r a v i t y  

f i l t r a t i o n .  When t h e  f i l t e r  was j u s t  d r a i n e d  i t  was p l ac e d

q u i c k l y  i n t o  a p e t r i  d i s h  w i t h  10 cm^ o f  t h e  f i l t r a t e  p r o d u c e d .  

Using a f i n e  b r u s h  th e  f i l t e r  was c l e a n e d  i n t o  t h e  f i l t r a t e .  I f  

a l i v e  c oun t  was to  be  made 1 cm^ o f  t h e  sample was w i th d ra w n  

from t h e  p e t r i  d i s h .  The r e m a in d e r  of  t h e  sample was t r a n s f e r r e d  

to  a l a b e l l e d  g l a s s  u n i v e r s a l  b o t t l e  c o n t a i n i n g  f o r m a l i n  

( n e u t r a l i s e d  by a d d i t i o n  o f  h e x a m e t h y l e n e t e t r a m i n e )  to  g i v e  a 

f i n a l  c o n c e n t r a t i o n  o f  0.4% (Throndsen  i n  S o u r n i a ,  1 9 7 8 ) .  The

b o t t l e  was i n v e r t e d  s e v e r a l  t im es  to  e n s u r e  t ho rough  m i x i n g .

F o r m a l in  was chosen  a s  a f i x a t i v e  b e c a u s e  i t  p r e s e r v e s  

t h e c a t e  d i n o f l a g e l l a t e s  i n  an  i d e n t i f i a b l e  c o n d i t i o n  and no 

f u r t h e r  f i x a t i o n  o r  c l e a n i n g  i s  r e q u i r e d  f o r  Scann in g  E l e c t r o n  

M ic roscopy  ( S . E . M . ) .  I t  has  the  d i s a d v a n t a g e  t h a t  i t  does  n o t  

p r e s e r v e  naked s p e c i e s .  An a l t e r n a t i v e  i s  L u g o l ' s  i o d i n e  and

a l t h o u g h  i t  p r e s e r v e s  naked s p e c i e s  i t  r a r e l y  l e a v e s  them 

i d e n t i f i a b l e .  I t  a l s o  s t a i n s  c e l l s  d a r k l y  l e a v i n g  t h e c a t e  

s p e c i e s  d i f f i c u l t  to  i d e n t i f y .  I t  was d e c id e d  t h a t  to  enumera te  

naked d i n o f l a g e l l a t e s  i t  would be p r e f e r a b l e  to  coun t  l i v e

s a m p l e s .  O t h e r  more p o w e r fu l  f i x a t i v e s  w e re  c o n s i d e r e d  ( f o r  

example g l u t a r a l d e h y d e ) b u t  i t  was f e l t  t h e y  were too  d a n g e ro u s  

f o r  normal  u s e .

R o u t i n e l y  500 cm^ o f  t h e  w a t e r  sample was f i l t e r e d  a s  t h i s  

u s u a l l y  p r o v i d e d  a r e a s o n a b l e  number o f  c e l l s  pe r  coun t  b u t  d i d  

n o t  t a k e  a long  t im e  to  pass  t h ro u g h  t h e  f i l t e r .  I n  e x c e p t i o n a l  

c i r c u m s t a n c e s ,  however ,  c e l l  numbers  w e re  so g r e a t  t h a t  500 cm* 

c o u ld  n o t  be  f i l t e r e d  by g r a v i t y  f i l t r a t i o n  b e c a u s e  of  c l o g g i n g ,  

a t  t h e s e  t im es  a s m a l l e r  s u b -s a m p le  was f i l t e r e d .
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For c o u n t i n g  o f  p h y t o p l a n k t o n  c e l l s  f rom t h e  c o n c e n t r a t e d  

sample a 1 cm^ Sedgewick R a f t e r  Chamber was u s e d  on a V ic k e rs  

b i n o c u l a r  m i c r o s c o p e  u n d e r  b r i g h t  f i e l d  i l l u m i n a t i o n  a t  x60 

m a g n i f i c a t i o n .  For  m os t  s p e c i e s  t h e  whole  chamber  was c oun te d  

bu t  where  t h e r e  were  l a r g e  numbers o f  a p a r t i c u l a r  s p e c i e s  a 

s m a l l e r  a r e a  o f  t h e  chamber was co u n te d  ( s e e  l a t e r  d i s c u s s i o n ) .  

I t  was n o t  p o s s i b l e  w i t h  t h e  Sedgewick R a f t e r  Chamber to  r o t a t e  

the  c e l l s  to  a i d  i d e n t i f i c a t i o n  bu t  t h i s  i s  a prob lem w i t h  most  

q u a n t i t a t i v e  methods  of  c e l l  c o u n t i n g .  I f  a c e l l  o f  i n t e r e s t  or  

an unknown c e l l  was found i t  was p i c k e d  o u t  a f t e r  t h e  coun t  u s i n g  

a m i c r o p i p e t t e  and examined under  a h i g h e r  power on a g l a s s  

m ic r o s c o p e  s l i d e  o r  k e p t  f o r  l a t e r  S.E.M. F i n a l l y  c e l l  c o u n t s  

were c o n v e r t e d  t o  numbers o f  c e l l s  pe r  l i t e r  u s i n g  t h e  f o l l o w i n g  

e q u a t i o n : -

number o f  c e l l s  c o u n te d  x b x 1000 . . . . . . . ( 1 )

Where a = P r o p o r t i o n  o f  t h e  chamber  scanned

b = Volume of  c o n c e n t r a t e d  sample (cm®) 

c = Amount o f  w a t e r  o r i g i n a l l y  f i l t e r e d  (cm®)

U s u a l ly  t h i s  would  be : -

no.  o f  c e l l s  c o u n te d  x 10 x 1000 = 20 x n o .  o f  c e l l s  c oun te d

1 500

The a c c u r a c y  o f  v a r i o u s  p a r t s  o f  t h e  method was i n v e s t i g a t e d  

to  q u a n t i f y  t h e  e r r o r s  a s s o c i a t e d  w i t h  t h e  c o u n t s  o b t a i n e d .  

D e s c r i p t i o n  and d i s c u s s i o n  o f  t h e s e  t e s t s  i s  g iv e n  below i n  the  

s e c t i o n  on s t a t i s t i c a l  c o n s i d e r a t i o n s .

In  a d d i t i o n  t o  t h e  d i n o f l a g e l l a t e  m o t i l e  c e l l s  any 

d i n o f l a g e l l a t e  c y s t s  t h a t  were  found i n  t h e  p h y t o p l a n k t o n  samples  

were a l s o  c o u n t e d .  Some work on z o o p l a n k t o n  g r a z i n g  i n d i c a t e s
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t h a t  t h e r e  may be s e l e c t i v i t y  i n  t h e i r  f e e d i n g .  The re  a r e  few 

l a r g e  z o o p l a n k t e r s  i n  Loch C re ran  (Gowen, 1981) b u t  t h e  t i n t i n n i a  

a r e  w e l l  r e p r e s e n t e d .  S t o e c k e r  e^  (1981)  d e s c r i b e s  F a v e l l a

e h r e n b e r g i i  as  s e l e c t i v e l y  p r e y i n g  on d i n o f l a g e l l a t e s  and 

r e q u i r i n g  them as  a food s o u r c e .  T h e r e f o r e  i t  was d e c id e d  t o  

c oun t  t i n t i n n i d s .  These  were  c o u n te d  a s  a g roup  b u t  s p e c i e s  of  

T i n t i n n o p s i s , F a v e l l a , and H e l i o c o s t o m e l l a  were o b s e r v e d .  

O c c u r re n c e s  of  t i n t i n n i d  c y s t s  (Reid  and J o h n ,  1978)  were a l s o  

n o t e d .  These  groups  were  co u n te d  i n  bo th  p r e s e r v e d  and f r e s h  

s a m p l e s .

I d e n t i f i c a t i o n  o f  m o t i l e  d i n o f l a g e l l a t e  c e l l s

M o t i l e  d i n o f l a g e l l a t e  c e l l s  can be d i v i d e d  i n t o  g roups  on 

the  b a s i s  o f  t h e i r  c e l l  c o v e r i n g  o r  amphiesma.  When t h e  

amphiesma i s  composed o f  c e l l u l o s e  p l a t e s  the  c e l l  i s  d e s c r i b e d  

as t h e c a t e  and where  t h e s e  p l a t e s  a r e  r ed u c e d  o r  a b s e n t  t h e  c e l l  

i s  d e s c r i b e d  a s  a t h e c a t e  o r  na k e d .  Naked d i n o f l a g e l l a t e s  c o u ld  

on ly  be examined l i v e  w h e re a s  t h e c a t e  d i n o f l a g e l l a t e s  co u ld  be 

i d e n t i f i e d  and co u n te d  i n  b o th  f r e s h  and p r e s e r v e d  m a t e r i a l .

Naked s p e c i e s

The taxonomy of  t h e  naked d i n o f l a g e l l a t e s  i s  c o n fu s e d  

b e c a u s e  o b s e r v a t i o n s  m us t  be  made on l i v i n g  c e l l s  wh ich

f r e q u e n t l y  move a t  g r e a t  s p e e d s .  As soon a s  c e l l s  s t a r t  to  d i e  

(o r  a r e  f i x e d )  c o n s i d e r a b l e  changes  i n  shape  t a k e  p l a c e .  Th is  

o f t e n  r e s u l t s  i n  i n c o m p l e t e  o r  i n a c c u r a t e  taxonomic  d e s c r i p t i o n s .  

The p rob lem  w i t h  w i l d  s a m p l e s ,  i s  t h e r e f o r e  p u r e l y  p r a c t i c a l  -  i f  

one spends  too  lo n g  t r y i n g  t o  i d e n t i f y  a p a r t i c u l a r  c e l l  t h e  

o t h e r  c e l l s  p r e s e n t  may d i e  o r  become d i s t o r t e d  b e f o r e  t hey  can 

be c o u n t e d .  With t h i s  d i f f i c u l t y  i t  i s  c l e a r  t h a t  f o r  a c om p le te  

i d e n t i f i c a t i o n  and d e s c r i p t i o n  l a r g e  numbers o f  c e l l s  need  t o  be 

s t u d i e d .  O c c a s i o n a l l y  t h i s  i s  p o s s i b l e  i n  w i l d  s am p les  i f  t h e r e  

i s  a bloom o f  a p a r t i c u l a r  s p e c i e s ,  b u t  more o f t e n  one i s  s t r u c k
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by t h e  v a r i e t y  o f  naked  fo rms  t o  be o b s e rv e d  i n  a s a m p le .  An 

a l t e r n a t i v e  to  t h e  s tu d y  o f  blooms i s  t h e  i s o l a t i o n  and s tu d y  op  

c u l t u r e s .  Work by Kimbal l  and Wood (1965)  i m p l i e s  t h a t  b e c a u s e  

of  the  v a r i a b i l i t y  of  a s i n g l e  s p e c i e s  t h i s  may be t h e  only way 

to  g e t  com ple te  and a c c u r a t e  taxonomic d e s c r i p t i o n s .  To d a t e  

l i t t l e  work o f  t h i s  type  has  been  c a r r i e d  o u t  and i t  was beyond 

the  scope  of  t h i s  p r o j e c t  to  a t t e m p t  i t .

Live  samples  w ere  s t u d i e d  wheneve r  p o s s i b l e  in  Loch C r e r a n .

I t  was o r i g i n a l l y  i n t e n d e d  t o  enum era te  and i d e n t i f y  t h e  naked 

s p e c i e s  b u t  t h i s  i d e a l  p roved  i m p o s s i b l e  to  r e a l i s e .  So a sy s tem  

was d e v i s e d  whereby naked c e l l s  w ere  enumera ted  under  p a r t i c u l a r  

shape  and s i z e  c l a s s i f i c a t i o n s  u s i n g  s i m p l i f i e d  d iag ram s  on th e  

c o u n t i n g  s h e e t .  Th i s  gave some i n d i c a t i o n  o f  t h e  v a r i e t y  of  

s p e c i e s  p r e s e n t  and t h e i r  num bers .  W h i l s t  on c r u i s e s  on b o a rd  t h e  

R.V. C a lanus  e n u m e r a t io n  was i m p r a c t i c a b l e  due to  t h e  d i f f i c u l t y  

of  u s i n g  a m ic r o s c o p e  on a v i b r a t i n g  moving v e s s e l .  E x a m in a t io n  

of  l i v e  m a t e r i a l  was r e s t r i c t e d  t o  q u a l i t a t i v e  o b s e r v a t i o n s  of  

sm a l l  s am ples  p i p e t t e d  d i r e c t l y  from s e a  w a t e r  on g l a s s  s l i d e s .

For  taxonomic i n f o r m a t i o n  Dodge ( 1 9 8 2 ) ,  Drebes ( 1 9 7 4 ) ,  and Kofo id  

and Swezy (1921)  were u s e d .

T h e c a t e  s p e c i e s

The i d e n t i f i c a t i o n  o f  t h e c a t e  s p e c i e s  was hampered  by h a v in g  

a s i n g l e  vi ew o f  t h e  c e l l .  Where i d e n t i f i c a t i o n  was i m p o s s i b l e  

t h e  c e l l  was a s s i g n e d  t o  a f a m i ly  ( f o r  example Gonyaulax s p . ) .  

When p l a t e s  ca n n o t  be  d i s t i n g u i s h e d  i t  i s  d i f f i c u l t  to  s e p a r a t e  

a p i c a l  v iew s  o f  P r o t o p e r i d i n i u m  and D i p l o p s a l i s  s p e c i e s  and so 

t h e s e  were  grouped t o g e t h e r  when t h i s  o c c u r r e d .  F u r t h e r  

d i s c u s s i o n  o f  t h e  taxonomy of  t h e c a t e  s p e c i e s  i s  c o n t a i n e d  i n  

C h a p te r  3 .  For  taxonomic p u r p o s e s  Dodge ( 1 9 8 2 ) ,  D rebes  ( 1 9 7 4 ) ,  

and Lebour  (1925)  were u s e d .
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S t a t i s t i c a l  c o n s i d e r a t i o n s

S t a t i s t i c a l  a s p e c t s  o f  p h y t o p l a n k t o n  s a m p l ing  were d i v i d e d  

i n t o  t h r e e  p a r t s .  The f i r s t  c o n s i d e r a t i o n  was to  d e c i d e  how many 

c e l l s  s h o u ld  be c o u n te d  t o  g i v e  r e a s o n a b l y  r e p e a t a b l e  r e s u l t s .  

The second  c o n s i d e r a t i o n  was to  d e t e r m i n e  t h e  e r r o r s  t h a t  s hou ld  

be a p p l i e d  t o  t h e  numbers o b t a i n e d .  F i n a l l y  b e c a u s e  t h e  r e s u l t s  

were to  be  used  i n  c o n j u n c t i o n  w i t h  p r e v i o u s  d a t a  o b t a i n e d  a t  the  

S.M.B.A. c o n s i d e r a t i o n  was g i v e n  to  t h e  c o m p a r a b i l i t y  of  t h e  two 

d i f f e r e n t  c o u n t i n g  t e c h n i q u e s .  These  c o n s i d e r a t i o n s  a r e  each 

t r e a t e d  s e p a r a t e l y  be low .

How many c e l l s  s h o u ld  be c oun ted?

Many a u t h o r s  have  come up w i t h  d i f f e r e n t  r e p l i e s  to  t h i s  

q u e s t i o n  ( f o r  d i s c u s s i o n  see  V en r ik  i n  S o u r n i a ,  1978)  and i t  

seems b e s t  t h a t  the  q u e s t i o n  s h o u ld  be answered  f o r  each 

p a r t i c u l a r  s a m p l ing  p rob lem . So i n  t h e  f i r s t  y e a r  of  s t u d y  a 

s e r i e s  of  d u p l i c a t e  c o u n t s  were  c a r r i e d  o u t  on 15 samples  of 

d i f f e r e n t  c h a r a c t e r i s t i c s .  Three  s p e c i e s  w e re  chosen  -  a g a i n  

each  w i t h  a d i f f e r e n t  p a t t e r n  o f  o c c u r r e n c e  and a g rap h  p l o t t e d  

o f  mean a g a i n s t  v a r i a n c e  o f  raw c o u n t s .  The v a r i a n c e  i n c r e a s e d  

p r o p o r t i o n a t e l y  to  t h e  mean a s  would  be e x p e c t e d  f o r  a P o i s s o n  

d i s t r i b u t i o n  so t h e  f o l l o w i n g  t h e o r e t i c a l  t a b l e  i s  a p p l i c a b l e .

mean coun t v a r i a n c e s . d . c o e f f i c i e n t  of  v a r i a t i o n

1 1 1 100%

2 2 1.41 71%

5 5 2 .2 4 45%
10 10 3 .1 6 32%

20 20 4 .47 22%

50 50 7.07 14%
100 100 10 .00 10%
200 200 14 .1 4 7%
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With due r e g a r d  t o  samples  where  few c e l l s  w ere  p r e s e n t  even 

a f t e r  c o n c e n t r a t i o n  i t  was d e c id e d  t h a t  f o r  a s i n g l e  s p e c i e s  a 

raw c o u n t  of  20 c e l l s  ( c o e f f i c i e n t  o f  v a r i a t i o n  22%) was s u i t a b l y  

p r e c i s e .  Where co u n t s  w ere  v e r y  low a t  l e a s t  20 c e l l s  of t h e  

dominant  s p e c i e s  w ere  c o u n te d  even i f  t h i s  meant  examin in g  more 

than  one chamber .  However ,  some samples  c o n t a i n e d  so few c e l l s  

t h a t  t h i s  would have  t a k e n  t o o  much t i m e ,  i n  t h e s e  c a s e s  the  

samples  w ere  d e s i g n a t e d  "very  t h i n "  and a r e  a c c o r d i n g l y  marked i n  

t h e  t a b l e s  o f  r e s u l t s .  Where c e l l  c o u n t s  were  v e r y  h i g h  an a r e a  

s m a l l e r  t h a n  t h e  whole  chamber  was c o u n t e d .  D i f f e r e n t  c o u n t i n g  

r eg imes  i n c l u d e d  h a l f  a chamber ,  s e v e r a l  rows o f  a cham ber ,  a 

s i n g l e  row o f  a chamber and ( v e ry  r a r e l y )  a number of  s q u a r e s  of 

a chamber .

With a r o u t i n e  500 cm^ sample a c o u n t  o f  20 c e l l s  i n  a whole  

chamber  wou ld c o n v e r t  to  400 c e l l s  pe r  l i t e r  ( s e e  e q u a t i o n  (1 )  ) .  

To r e p r e s e n t  c o n c e n t r a t i o n s  l o w e r  t h a n  t h i s  + s i g n s  have  be e n  

u s e d .

+ r e p r e s e n t i n g  0-199 c e l l s  l ’ * and ++ r e p r e s e n t i n g  200-399 c e l l s  1*

A n a l y s i s  o f  e r r o r s

There  a r e  t h r e e  s e t s  of  e r r o r s  to  be  c o n s i d e r e d  i n  t h i s  

s am p l ing  programme.

a )  D i f f e r e n c e s  be tw een  samples  t a k e n .

i . e .  " p a t c h i n e s s "  o f  d i n o f l a g e l l a t e s  i n  t h e  lo c h

b )  D i f f e r e n c e s  be tw een  s u b -s a m p le s  t a k e n .

i . e .  d i f f e r e n c e s  be tw een  samples  t a k e n  from a s i n g l e  thermos 

f l a s k

c)  D i f f e r e n c e s  b e tw een  c o u n t s .

i . e .  d i f f e r e n c e s  be tw een  co u n t s  made on t h e  same c o n c e n t r a t e d  

sample
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T h e s e  e r r o r s  w e r e  a s s e s s e d  by  t a k i n g  a p p r o p r i a t e  d u p l i c a t e  

s a m p l e s  : -

a )  a t  a  p a r t i c u l a r  s a m p l i n g  p o i n t .

b ) f r o m  a  p a r t i c u l a r  t h e r m o s  f l a s k .

c )  f r o m  a  p a r t i c u l a r  p r e s e r v e d  s a m p l e .

I n  a d d i t i o n  f i x e d  e r r o r s  w e r e  a s s e s s e d  by  m i c r o s c o p i c  

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

t e c h n i q u e .

A l l  t h e  d a t a  were l o g  t r a n s f o r m e d  f o r  c a l c u l a t i o n  o f  means 

and o t h e r  s t a t i s t i c s .  Th is  copes w i t h  t h e  d i f f i c u l t i e s  i n h e r e n t  

i n  t h e  f a c t  t h a t  p h y t o p l a n k t o n  grow e x p o n e n t i a l l y  ( f o r  

e x p l a n a t i o n  s e e  B a r n e s ,  1 9 5 2 ) .  V a r i a n c e s  be tw een  samples  w ere  

c a l c u l a t e d  o n ly  on t h o s e  s p e c i e s  t h a t  had means of  g r e a t e r  than  

or  equa l  to  400 c e l l s  pe r  l i t e r  ( s e e  p r e v i o u s  s e c t i o n ) .

R e s u l t s

TABLE 2 .1  : ERRORS IN COUNTS OF CELLS BELONGING TO A SINGLE

SPECIES 

( A l l  d a t a  l o g  t r a n s f o r m e d )

df  v a r .  % s . d .  c . v .

A Due to  v a r i a t i o n  50 0 .0 8 4 4  100 0 .30

be tween  samples  

( i n c l u d i n g  B + c )

( a  s m a l l - s c a l e  p a t c h i n e s s  -  ( 0 . 0 4 0 8 )  (46%) -  -

above )

B Due to  v a r i a t i o n  56 0 .0476  -  0 .2 2  -

w i t h i n  f l a s k s  

( i n c l u d i n g  c )

( b  s u b - s a m p l i n g  a l o n e )  -  ( 0 . 0 4 1 4 )  (47%)

c Due t o  c o u n t i n g  e r r o r  34 0 .0062  7% 0 .0 8  20%
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TABLE 2 . 2  : ERRORS IN ESTIMATES OF TOTAL NUMBERS OF CELLS

df v a r .  % s . d .  c . v

A Due t o  v a r i a t i o n  10 0 .1012  100 0 .3 2  -

be tween  samples  

( i n c l u d i n g  (B + c )

(a  s m a l l  s c a l e  p a t c h i n e s s  -  ( 0 . 0 2 8 7 )  (28%) -  -

above )

B Due t o  v a r i a t i o n  12 0 .0725  -  0 .27  -

w i t h i n  f l a s k s  

( i n c l u d i n g  c)

(b s u b - s a m p l i n g  a l o n e )  -  ( 0 . 0 5 6 3 )  (56%)

c Due t o  c o u n t i n g  e r r o r  14 0.0162  (16%) 0 .1 3  -

TABLE 2 . 3  : CELLS LOST IN CONCENTRATION TECHNIQUE

Sample Brush F i l t e r Dish TOTAL Loss r ' C e l l  c o u n t % l o s s

M329 677 59 536 1272 2544 28900 8 . 8

M333 252 22 1783 2057 4114 47780 8 . 6

M339 96 11 342 449 898 11760 7 . 6
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D i s c u s s i o n

The l o g a r i t h m i c  s t a n d a r d  d e v i a t i o n  f o r  a s i n g l e  sample 

i n c l u d i n g  t h e  e f f e c t s  o f  s m a l l - s c a l e  p a t c h i n e s s  i s  0 .3 0  (T a b le

2 . 1 ,  (A))  ( a s  t h i s  i s  l o g  t r a n s f o r m e d  d a t a  t h i s  i s  e q u i v a l e n t  to

x / -r  2 )  t h i s  compares w e l l  w i t h  a l o g a r i t h m i c  s t a n d a r d  d e v i a t i o n  

of  0 .3 4  r e p o r t e d  by T e t t  ( 1 9 6 9 ) .  The s o u r c e s  of  t h i s  v a r i a t i o n  

a r e  r e v e a l e d  i n  Tab le  2 . 1 .  The v a r i a t i o n  ( c )  c aused  by c o u n t i n g  

a s i n g l e  s p e c i e s  i n  a s u b - s a m p le  from t h e  c o n c e n t r a t e d  sample  i s  

v e ry  low b u t  t h i s  i s  b e c a u s e  of  t h e  method o f  c a l c u l a t i o n  o f  t h e  

s t a t i s t i c s  ( i . e .  on s p e c i e s  w i t h  c e l l  numbers  g r e a t e r  t h a n  400 

and f o r  which  t h e  e x p e c t e d  c o e f f i c i e n t  o f  v a r i a t i o n  i s  22% or  

l e s s ) .  V a r i a t i o n  be tw een  two samples  t a k e n  from t h e  same f l a s k  

(b = B -  c )  i s  h i g h e r  t han  m ig h t  be  e x p e c t e d  and  c l e a r l y  c a r e  

must  be  t a k e n  t o  mix t h e  c o n t e n t s  o f  f l a s k s  t h o r o u g h l y  b e f o r e  

s u b s a m p l in g .  The f i n a l  i m p o r t a n t  component  o f  v a r i a t i o n  i s  t h a t  

caused  by s m a l l  s c a l e  p a t c h i n e s s  w i t h i n  t h e  l o c h  (A -  B ) . The 

s t a t i s t i c s  c a l c u l a t e d  f o r  the  c e l l  t o t a l s  show s i m i l a r  t r e n d s  

a l t h o u g h  most  of  t h e  v a l u e s  a r e  h i g h e r .  Th i s  i s  p e rh a p s  b e c a u s e  

of  t h e  a c c u m u l a t i o n  o f  e r r o r s  t h r o u g h o u t  t h e  s am ple .

V a r ious  reg imes  of  s a m p l in g  and  a n a l y s i s  were  a d o p t e d ,  and 

a p p r o p r i a t e  s t a n d a r d  e r r o r s  to  be  a p p l i e d  t o  t h e  r e s u l t i n g  

c o n c e n t r a t i o n s  can be c a l c u l a t e d  from

. e .  = / V a  + Vy + Vc, 

J  ^O . B e .nc
where  V̂  ̂ and Vg. a r e  the  v a r i a n c e s  g iv e n  i n  T a b le s  2 .1  and

2 . 2 ,  and n ^ ,  n ^  and  n^ a r e  t h e  number of  r e p l i c a t e  samples  t ak e n

or  c o u n t s  r e p e a t e d  a t  each  l e v e l  o f  a n a l y s i s .  Thus f o r  an

e s t i m a t e  o f  t o t a l  c e l l  c o n c e n t r a t i o n s  b a sed  on two w a t e r  samples  

f o r  each of  which  one s u b - s a m p le  was p r e s e r v e d ,  one of  t h e

su b - s a m p le s  b e i n g  coun ted  once  and one t w i c e ,  -  2 ,  n ^  = 2 and 

n ^  = 3 and h e n c e
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. e .  = I  0 .0287  + 0 .0563  + ~J 2 2

0162

0.22
Values  of  s t a n d a r d  e r r o r  a r e  g iv e n  i n  Tab le  2 . 4

TABLE 2 . 4  : VALUES OF STANDARD ERRORS

Regime

s . e .  of  c o u n t s  of  

c e l l s  b e l o n g i n g  t o  

a s i n g l e  s p e c i e s

s . e .  in  e s t i m a t e s  of  

t o t a l  numbers  of  

c e l l s

S i n g l e  sample 

Double sample

0 .30

0.21

0 .32

0 .23

One s am p le ,  2 

r e p l i c a t e s  

from f l a s k

0 .25 0 .2 6

1 sam ple ,  1 

f l a s k ,  2 

r e p l i c a t e s  

f rom t u b e

0 .2 9 0.31

2 s a m p le s ,  1 

w i t h  2 

r e p l i c a t e s  

f rom f l a s k

0.21 0.22

2 s a m p le s ,  2 

r e p l i c a t e s  

f rom each  

f l a s k

0.21 0.22
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The r e s u l t s  g iv e n  i n  Tab le  2 . 3  e s t i m a t e  a l o s s  of  a bou t  8% 

of  c e l l s  t h ro u g h  u s i n g  a c o n c e n t r a t i o n  s t e p .  When c o n s i d e r e d  i n  

c o n t e x t  of  the  v a r i a t i o n  d i s c u s s e d  above  t h i s  i s  p r o b a b l y  

a c c e p t a b l e .  C l e a r l y ,  however ,  t h e  t e c h n i q u e  c o u ld  be improved by 

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

c o n c e n t r a t e d  sa m p le .

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

The method c u r r e n t l y  used a t  t h e  S.M.B.A.  f o r  p h y t o p l a n k t o n  

c o u n t i n g  i s  a s e d i m e n t a t i o n  chamber t e c h n i q u e  u s i n g  an  i n v e r t e d  

m ic r o s c o p e  ( T e t t ,  1 9 7 3 ) .  I t  i s  q u i t e  u n l i k e  t h e  method employed 

f o r  t h i s  s t u d y  and t o  t e s t  t h e  c o m p a r a b i l i t y  of  t h e  two 

t e c h n i q u e s  a l a r g e  volume of  a  t h i c k  c u l t u r e  o f  Gyrodin ium 

aureo lum was t a k e n .  A s e r i e s  of  s i x  5 : 1  s e r i a l  d i l u t i o n s  w ere  

c a r r i e d  o u t .  At each  d i l u t i o n  s t e p  two s e t s  o f  samples  were  

p r e p a r e d  f o r  each sa m p l in g  t e c h n i q u e .  I n  a d d i t i o n  a c o u n t  was 

made on t h e  C o u l t e r  c o u n t e r  to  d e t e r m i n e  i n i t i a l  c e l l  num bers .  

The r e s u l t s  a r e  shown i n  T a b le s  2 . 5  & 2 . 6  and F i g u r e  2 . 2 .

These d e m o n s t r a t e  t t a t  t h e  two c o u n t i n g  m ethods  g ive  

g e n e r a l l y  s i m i l a r  r e s u l t s .  Each has  a b o u t  t h e  same v a r i a t i o n  

w i t h i n  i t s e l f .  Most of  t h e  d i f f e r e n c e s  be tw een  t h e  two 

t e c h n i q u e s  o c c u r  a t  t h e  l o w e s t  c e l l  c o n c e n t r a t i o n s  u s e d  i n  t h i s  

e x p e r im e n t  ( a p p r o x i m a t e l y  10*  ̂ c e l l s  1 '*) . As e x p e c t e d ,  b e c a u s e  of  

t h e  c o n c e n t r a t i o n  s t e p ,  t h e  r e s u l t s  of  t h e  t e c h n i q u e  u s e d  i n  t h i s  

s t u d y  a r e  an u n d e r - e s t i m a t e  b e i n g  up to  15% lower th a n  t h o s e  of  

t he  S.M.B.A.  t e c h n i q u e .  Counts  made by th e  S.M.B.A. t e c h n i q u e  

a g r e e  w i t h  t h e  p r o j e c t e d  c e l l  numbers  f rom t h e  i n i t i a l  C o u l t e r  

c oun t  and so can be r e g a r d e d  a s  the  more a c c u r a t e  of  t h e  two 

t e c h n i q u e s .  As l O ^ c e l l s  f * i s  q u i t e  a l a r g e  f i g u r e  compared w i t h  

t h e  numbers of  d i n o f l a g e l l a t e s  u s u a l l y  c o u n t e d  ( t y p i c a l  

d i n o f l a g e l l a t e  c o n c e n t r a t i o n s  r e c o r d e d  i n  t h i s  s t u d y  were b e tw een  

10*“ -  10**' c e l l s  1”' )  any i n t e r p r e t a t i o n  must  t a k e  i n t o  a c c o u n t  t h e  

p o s s i b l e  u n d e r e s t i m a t i o n  a t  10* \  I t  s h o u ld  however  be  n o t e d  t h a t
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F i g u r e  2 . 2 :  Comparison o f  c o u n t i n g  t e c h n i q u e s

—  • —  T h is  s tu d y

r  = 0 .9 9  

s l o p e  = 0 .82  

i n t e r c e p t  = 2 .66

 ▼ -----  S.M.B.A.  t e c h n i q u e

r  = 0 .99  

s l o p e  = 0 .69  

i n t e r c e p t  = 3 .35

0  C o u l t e r  c o u n t e r  v a l u e

t h e o r e t i c a l  l i n e  ( c a l c u l a t e d  from i n i t i a l

c o u l t e r  c o u n t e r  v a l u e )

r  = 1 

s l o p e  = 0 .699  

i n t e r c e p t  = 3 .3 3
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Figure 2.2
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t h e  t e c h n i q u e  used  i n  t h i s  s tudy  i s  more l i k e l y  t o  p ick  up 

s p e c i e s  of  c e l l s  t h a t  a r e  p r e s e n t  in  low numbers as  c o m p a r a t i v e l y  

more w a t e r  i s  examined.

TABLE 2 .5  : COMPARABILITY OF COUNTING METHODS

1 d e n o te s  method o f  t h i s  s t u d y ;  2 d e n o te s  S.M.B.A.  method

Sample l o g  c e l l  log c e l l  mean 1 mean 2 v a r i a n c e

nos r * : l  nos 1*':2

l a  7 .46 7.32

l b  7.49 7 .3 4  7.48 7 .33  0.01125

2a 6.81 6.96

2b 6.74  6 .85  6.77 6.90  0.00845

3a 6.11 6.08

3b 6.08  6.23  6 .10  6.16 0 .0018

4a 5 .3 4  5.46

4b 5 .00  5 .69  5 .17  5.58 0.08405

5a 4 . 4 3  4 . 6

5b 4 .3 8  4 .7 1  4.41 4 .6 6  0.03125

6a 3 .20  3.89

6b 3 .4 5  4 .0 5  3.33  • 3 .97  0.2048

v a r i a n c e  0 .0155  0 .01025

s . d .  0 .1245  0 .1025

T o t a l  v a r i a n c e  = 0.0569  s . d .  = 0 .239
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TABLE 2 . 6  ; COULTER COUNTER VALUES

log c e l l  nos l ' *  log  c e l l  nos  1"’

l a  = 7.51 2a = 6.85

lb  = 7.52  2b = 6.78

Average = 7.52  Average = 6.82

CYST COLLECTION

There were two purposes  to  t h e  c o l l e c t i o n  o f  sed im ent

sa m p le s .  The f i r s t  was to  a s s e s s  the  d i s t r i b u t i o n  o f

d i n o f l a g e l l a t e  c y s t s  i n  sea  lo ch s  and t h e  second was to  p r o v id e  

m a t e r i a l  f o r  i n c u b a t i o n  e x p e r i m e n t s .  Two s t r a t e g i e s  w ere  d e v i s e d  

to  a s s e s s  t h e  d i s t r i b u t i o n  o f  d i n o f l a g e l l a t e  c y s t s  i n  t h e  l o c h s .  

The f i r s t  was to  sample over  as  wide an a r e a  as  p o s s i b l e .  The 

second was to  sample over  a s e a s o n a l  c y c l e  i n  one p l a c e .  The aim 

in  bo th  c a s e s  was to  be a b l e  to  r e l a t e  what  was found i n  the

sed im en ts  to  what  happens i n  t h e  w a t e r  column and so sed im ent

sampl ing  was alw ays  c a r r i e d  o u t  in  c o n j u n c t i o n  w i t h  p h y t o p la n k to n  

sa m p l in g .  The d i s t r i b u t i o n a l  s am pl ing  was c a r r i e d  o u t  d u r i n g  

v a r i o u s  c r u i s e s  i n  1982 and 1983 and t h e  s e a s o n a l  s a m p l in g  was 

c a r r i e d  ou t  i n  Loch Cre ran  d u r i n g  t h e  same y e a r s .

I d e a l l y  m a t e r i a l  f o r  i n c u b a t i o n  s t u d i e s  s h o u ld  be c o l l e c t e d  

a t  the  b e g i n n i n g  o f  A p r i l  so  t h a t  the  c y s t s  p r e s e n t  in  t h e  

sed im ent  have unde rgone  any o v e r w i n t e r i n g  o r  dormancy p e r i o d  

r e q u i r e d  b e f o r e  h a t c h i n g  and  a l s o  b e f o r e  new c y s t s  had been 

produced f o r  t h a t  y e a r .  Samples  f o r  t h i s  pu rpose  were  t h e r e f o r e  

c o l l e c t e d  i n  A p r i l  o f  the  second y e a r  o f  s tu d y  from a v a r i e t y  of  

l o ch s  c l o s e  to  t h e  m a r in e  s t a t i o n .  These  had been shown i n  t h e  

f i r s t  y e a r  to  c o n t a i n  d i f f e r e n t  c y s t  a s sem b lages  g i v i n g  a wide 

v a r i e t y  o f  c y s t s  to  work on .
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Sediments  were sampled w i t h  a Cra ib  c o r e r  ( C r a i b ,  1965)  

which g i v e s  r e l a t i v e l y  u n d i s t u r b e d  c o re s  of  s ed im en t  and 

o v e r l y i n g  w a t e r .  The o v e r l y i n g  w a t e r  and t h e  top  5 cm o f  

sed im ent  were t aken  and s t o r e d  a t  A"C f o r  l a t e r  s t u d y .

For  c o u n t i n g  o r  f o r  i n c u b a t i o n  e x p e r im e n t s  s ed im en t  samples  

were t r e a t e d  i n  t h e  same m anne r .  A smal l  amount of  s e d im e n t  ( 0 .5  

- 0 . 7 5  g)  was s o n i c a t e d  g e n t l y  i n  sea  w a t e r  f o r  one m in u t e  then

passed  th ro u g h  63 ^  mesh and r e t a i n e d  on 38 ^  mesh s i e v e s  u s i n g

a s t a n d a r d  amount  of  f i l t e r e d  sea  w a t e r .  The m a t e r i a l  c o l l e c t e d  

on th e  38 ^m s i e v e  was washed o f f  i n t o  a s m a l l  amount of c u l t u r e  

medium o r  sea  w a t e r  and t h e n  poured i n t o  a g r i d d e d  p e t r i  d i s h .  

I t  was examined under  a Wild b i n o c u l a r  m i c r o s c o p e ,  u s i n g  x80 

m a g n i f i c a t i o n  a t  which i t  was p o s s i b l e  to  c oun t  the  number of 

c y s t s  p r e s e n t .  I t  was a l s o  p o s s i b l e  to  remove c y s t s  f o r  

i n c u b a t i o n  e x p e r im e n t s  or  f o r  S.E.M. u s in g  a m i c r o p i p e t t e .  

S ie ves  were th o ro u g h ly  c l e a n e d  a f t e r  u s e  and c o n t r o l  samples  run 

showed no e v id e n c e  of  c o n t a m i n a t i o n  between s a m p le s .

During sam pl in g  and c o u n t i n g  some checks w ere  made to  

e s t i m a t e  the  l o s s  of  c y s t s  d u r in g  p r o c e s s i n g .  Water o v e r l y i n g  

the  c o re s  was c o l l e c t e d ,  s i e v e d  and examined i n  t h e  u s u a l  m anne r .

The m a t e r i a l  t h a t  was c o l l e c t e d  on t h e  64 ym  s i e v e  and t h a t  which

pa ssed  t h ro u g h  t h e  38 ^  s i e v e  was a l s o  c o l l e c t e d  and examined .  

I n  t h e  c a se  of  the  o v e r l y i n g  w a t e r  and t h e  m a t e r i a l  r e t a i n e d  on 

the  64 jmn s i e v e  a sm a l l  number of  c y s t s  were  found b u t  t h e s e  were 

c o n s i d e r e d  t o  be i n s i g n i f i c a n t  compared t o  t h e  numbers of c y s t s  

coun ted  i n  t h e  main  sam ple .  The m a t e r i a l  p a s s i n g  t h ro u g h  t h e  38 

^m s i e v e ,  however ,  d i d  cont , j^n a s i g n i f i c a n t  number of  sm al l  

c y s t s  ( p a r t i c u l a r l y  of  the  S c r i p p s i e l l a  g r o u p ) .  Th i s  f r a c t i o n  o f  

t h e  sample c o n t a i n e d  a l a r g e  amount of d e b r i s  and no s u c c e s s f u l  

t e c h n i q u e  was deve loped  t o  i n c l u d e  t h e s e  in  t h e  c y s t  c o u n t s .
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Cyst coun ts  were made of a known a r e a  of  the  p e t r i  d i s h .  

Unless  t h e r e  were v e r y  few c y s t s  p r e s e n t  in  t h e  s ed im en t  about  

200 c y s t s  i n  t o t a l  were c o u n te d .  I t  was thus  p o s s i b l e  to  e s t i m a t e  

c y s t s  per  u n i t  wet  w e i g h t  of  s e d im e n t .  A sub -sam p le  of the  

sed im ent  was w e ig h e d ,  d r i e d  and rew eig hed  to  g ive  a measure  of 

w a te r  c o n t e n t  and t h i s  was used  t o  c o r r e c t  sample wet  w e ig h t  to 

dry w e i g h t .  A s im ple  c a l c u l a t i o n  ( e q u a t i o n , 2)  of  numbers of 

c y s t s  per  dry  gram o f  sed im en t  then  a l l o w s  compar ison  of

d i f f e r e n t  s ed im en t  s a m p le s .

Number of  c y s t s  coun ted  x Area o f  d i s h  . . . . ( 2 )

Area scanned  x sub -sam p le  x D 

we igh t

where D = the  r a t i o  of  Dry w e ig h t  of the  s ed im ent  coun ted

Wet w e ig h t

I d e n t i f i c a t i o n  o f  c y s t s

As some d i n o f l a g e l l a t e  c y s t s  a r e  r e l a t i v e l y  d e l i c a t e  or

c a l c a r e o u s  no chemica l  p r o c e d u r e s  such as t h o s e  u s e d  by

p a l y n o l o g i s t s  to  d i s s o l v e  background  m a t e r i a l  ( f o r  example 

S a r j e a n t ,  1974) were used  i n  p r e p a r i n g  s a m p le s .  T h i s  e na b le d  t h e  

o b s e r v a t i o n  o f  n a t u r a l  m a t e r i a l .  I t  a l s o  m e a n t ,  however ,  t h a t  

t h e r e  was a l o t  of  background  m a t e r i a l  p r e s e n t  in  t h e  samples  

a n a l y s e d .  Indeed  i t  was q u i t e  amazing t h e  v a r i e t y  of  t h i n g s  

b e s i d e s  sand g r a i n s  t h a t  were found i n  t h i s  s i z e  f r a c t i o n .  

I n e v i t a b l y  t h e r e f o r e  some c y s t s  were  m i s s e d  and some 

m i s i d e n t i f i c a t i o n  was l i k e l y .  R e c o g n i t i o n  and i d e n t i f i c a t i o n  o f  

c y s t s  proved  d i f f i c u l t  e a r l y  on i n  t h e  p e r i o d  o f  s tu d y  and so  as 

f a r  as  p o s s i b l e  on ly  t h e  most  r e c e n t  and t h e r e f o r e  i n t e r 

comparable  d a t a  has  been p r e s e n t e d .  Because of  t h e  p r e s e n c e  of 

background m a t e r i a l  and b e c au s e  t h e r e  was a l s o  a tendency  to  

count  on ly  t h o s e  o rgan isms  t h a t  were w i t h o u t  doub t  d i n o f l a g e l l a t e  

c y s t s  some u n d e r e s t i m a t i o n  o f  numbers was l i k e l y .  F i n a l l y  some
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groups of  c y s t s  were  coun ted  t o g e t h e r .  These were  t h o s e  of the 

" S p i n i f e r i t e s " group and t h e  round ,  brown c y s t s .  There  were two 

r e a s o n s  f o r  t h i s .  At the  m a g n i f i c a t i o n  used  t h e s e  groups were  

d i f f i c u l t  to  s e p a r a t e  and a l s o  i t  was f e l t  t h a t  b e f o r e  excys tm en t  

t h e  round ,  brown c y s t s  were  i m p o s s i b l e  to  s e p a r a t e  ( f o r  f u r t h e r  

i n f o r m a t i o n  see  Chap te r  3 ) .

For  taxonomic i n f o r m a t i o n  Dale (1 9 7 7 a ,b ;  1 9 7 8 ) ,  H ar land  

(1981;  1 9 8 2 ) ,  Reid (1974; 1 9 7 7 ) ,  Wall and Dale ( 1 9 6 8 a ,b )  and Wall 

jBt a l . (1970)  were u s e d .

S t a t i s t i c a l  c o n s i d e r a t i o n s

Due to  the  s i e v i n g  s t e p s  i n  t h i s  p r o c e d u r e  c o n c e n t r a t i o n s  of  

c y s t s  o b t a i n e d  a r e  no t  a b s o l u t e .  E f f o r t s  w e r e ,  however ,  made to  

s t a n d a r d i s e  the  p r o c e d u r e  and a l t h o u g h  t h e r e  was no t  t ime to  

r i g o r o u s l y  t e s t  the  s t a t i s t i c a l  a s p e c t s  of t h i s  type  of s am pl ing  

i t  i s  p o s s i b l e  to  s p e c u l a t e  on th e  l a r g e s t  s o u rc e s  of e r r o r s .  

These a r e  most  l i k e l y  t o  have been  "between sample v a r i a t i o n "  and 

v a r i a t i o n  be tweeen sub -sa m p le s  t aken  from t h e  o r i g i n a l  c o r e  

sample .  R e p l i c a t e  co u n t s  have been  c a r r i e d  o u t  on s i x  c o r e s .  

V a r ia nc e  and s t a n d a r d  d e v i a t i o n  were c a l c u l a t e d  on t h e  lo g  

t r a n s f o r m e d  d a t a  (Tab le  2 . 7 ) .  I n  t h e  c a se  of  s p e c i e s  c o u n t s  and 

when a l l  d a t a  were i n c l u d e d  t h e  s t a n d a r d  d e v i a t i o n  was l a r g e  

( 0 .7 0 6 8 ,  e q u i v a l e n t  to  x / +  5 ) .  When, however ,  t h e  t o t a l  v a r i a n c e  

was r e c a l c u l a t e d  f o r  d a t a  where on a v e r a g e  a t  l e a s t  10 c y s t s  were 

c o u n te d ,  the  s t a n d a r d  d e v i a t i o n  was 0.0537 ( x /+  1 . 7 ) .  I t  was

t h e r e f o r e  d e c id e d  t o  adop t  a sys te m  s i m i l a r  to  t h a t  f o r  

p h y to p la n k to n  c oun ts  r e p r e s e n t i n g  c y s t  numbers where  l e s s  than  10 

c y s t s  were  c oun te d  by +.
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TABLE 2 .7  : STATISTICS OF CYST COUNTS

V a r ia n c e  s . d .

B e tw e e n  a l l  s p e c i e s  c o u n t s  0.4995  0.71

B e tw e e n  s p e c i e s  c o u n t s  o f  m o r e  t h a n  10 0.0537 0 .2 3

B e tw e e n  s p e c i e s  c o u n t s  o f  m o r e  t h a n  20 0.0439  0.21

B e tw e e n  c e l l  t o t a l s  0.0142 0.12

COLLECTION OF OCEANOGRAPHIC DATA

P h y t o p l a n k t o n ,  as  t h e i r  name i m p l i e s ,  a r e  c om p le te ly

dependen t  on t h e  w a t e r  i n  which they  a r e  c o n t a i n e d  f o r  t h e i r  

d i s p e r s i o n ,  n u t r i e n t  supp ly  and l i g h t  r e q u i r e m e n t s .  No s tu d y  of  

p l a n k t o n i c  o rgan i sm s  t h e r e f o r e  i s  com ple te  w i t h o u t  knowledge of 

the  w a t e r  column i n  which they  e x i s t .  Tem pera tu re  and s a l i n i t y  

a r e  the  p r i n c i p l e  d e t e r m i n a n t s  of  w a t e r  column s t r u c t u r e  in  t h e

sea so  t h e s e  and c h l o r o p h y l l  were m easu red  on most  sampl ing

o c c a s i o n s .

Tem pera tu re  and s a l i n i t y

V e r t i c a l  d i s t r i b u t i o n s  of  t e m p e r a t u r e  and s a l i n i t y  were 

measured  u s in g  a B ra y s to k e  STM 500 s u b m e r s ib l e  t e m p e r a t u r e  

s a l i n i t y  p r o b e .  T h i s  was c a l i b r a t e d  a g a i n s t  r e v e r s i n g

therm omete rs  and p r e c i s i o n  s a l i n o m e t e r  m easurem ents  on d i s c r e t e  

s a m p le s .  On boa rd  s h i p  a n a lo g u e  t e m p e r a t u r e  and s a l i n i t y

v o l t a g e s  were  lo gged  on t o  a 9825A H ew le t t  Packa rd  desk t o p

computer  v i a  a HP 6940 B m ul t ip rogram m er  and t h e  r e s u l t a n t  g raphs  

of  t e m p e r a t u r e ,  s a l i n i t y  and d e n s i t y  were u s e d  t o  a s s e s s  where  

w a t e r  samples  s h o u ld  be t a k e n .  I n  more p r i m i t i v e  c o n d i t i o n s

r e a d i n g s  were  n o t e d  d i r e c t l y  from t h e  probe  d i s p l a y  and sample 

d e p th s  were  d e t e r m i n e d  on th e  b a s i s  of  t h e s e .
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C h l o r o p h y l l

C h l o r o p h y l l  was m easu red  by t h e  method o f  T e t t  and W a l l i s  

(1978 ) .  T h i s  i s  a s t a n d a r d  f l u o r e s c e n c e  method w i t h  an 

a c i d i f i c a t i o n  s t e p .  A known volume of  s ea  w a t e r  was f i l t e r e d  

th rough  a GF/C f i l t e r .  I f  f a c i l i t i e s  were  no t  a v a i l a b l e  f o r  

immediate  e x t r a c t i o n  the  f i l t e r  was f r o z e n  and s t o r e d  i n  

a luminium f o i l .  P igments  were  e x t r a c t e d  by p l a c i n g  t h e  f i l t e r  in  

a c e t o n e  f o r  a t  l e a s t  20 h o u r s .  A f t e r  e x t r a c t i o n  t h e  sample was 

shaken ,  c e n t r i f u g e d  f o r  5 m i n u t e s ,  r e s h a k e n  and r e c e n t r i f u g e d  f o r  

a f u r t h e r  5 m in u te s  to  e n s u r e  comple te  s o l u t i o n  o f  the  p i g m e n t s .  

The f l u o r e s c e n c e  of  t h e  s u p e r n a t e n t  was m easu red  on a T u rne r  

d e s i g n s  model  10 f l u o r o m e t e r ,  w i th  a p p r o p r i a t e  f i l t e r s ,  b e f o r e  

and a f t e r  a c i d i f i c a t i o n .  Blanks were  a l s o  m easu red  t o  g iv e  

c o r r e c t i o n  f a c t o r s .

The c h l o r o p h y l l  c o n c e n t r a t i o n  was c a l c u l a t e d  a s  f o l l o w s  : -

I f  F^ and F^ a r e  o r i g i n a l  r e a d i n g s ,  and and F^g a r e  the 

e q u i v a l e n t  b l a n k s

Then f^ = (F^ -  F ^ ) / R

and f^ = (F^ -  F ^  ) /R

C h lo r o p h y l l  = k ( f ^  -  f *  ) E/V mg m’^ 

Phaeopigment  = k (Hf^ - f ^  ) E/V mg m"^

Where k = c a l i b r a t i o n  f a c t o r  ( 0 .0 8 3 )  

E = e x t r a c t  volume (ml)

V = sample volume (1)

H = c a l i b r a t i o n  f a c t o r  ( 2 . 0 2 )

R = range  f a c t o r
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The c a l i b r a t i o n  f a c t o r  k = 1 / (F^ ( 1 “ 1/H))

and H = F^/F^

Where F^ and Fp a r e  the  s p e c i f i c  f l u o r e s c e n c e  c o e f f i c i e n t s  of 

c h l o r o p h y l l  a_ and p h a e o p h y t i n .

The range  f a c t o r  i s  the  r e l a t i o n s h i p  of  the  f l u o r o m e t e r  

s e n s i t i v i t y  r an g e s  c a l c u l a t e d  u s in g  pure c h l o r o p h y l l ,  and v a r i e s  

from 1 “  3 1 . 6 .

SCANNING ELECTRON MICROSCOPY

I n d i v i d u a l  c y s t s  o r  t h e c a t e  s t a g e s  were  s e l e c t e d  f o r  S.E.M. 

u s in g  a m i c r o p i p e t t e .  F re sh  m a t e r i a l  was f i x e d  i n  n e u t r a l i s e d  

f o r m a l i n  i n  a 5 cm watch g l a s s  e n c lo s e d  i n  a p e t r i  d i s h .  I f  t h e  

S.E.M. was no t  to  be c a r r i e d  o u t  im m edia te ly  the  o rgan isms  were 

t r a n s f e r r e d  t o  small  c a p s u l e s  f o r  l a t e r  t r e a t m e n t .  I s o l a t e d  

o rgani sms  were washed i n  d i s t i l l e d  w a t e r  b e f o r e  b e i n g  mounted on 

Nuc lepore  f i l t e r s  i n  a s u i t a b l e  h o l d e r .  These were d e h y d r a t e d  i n  

a c r i t i c a l  p o i n t  d r i e r  u s i n g  ca rbon  d i o x i d e .  F i l t e r s  were  g lued 

to  s u i t a b l e  s t u b s  and a f t e r  s p u t t e r  c o a t i n g  w i t h  g o l d “ p a l l a d i u m ,  

o rgan isms  were  examined i n  a JEOL 25S S.E.M. With c a r e  t h i s  

method a c h i e v e d  a b o u t  a 70% s u c e s s  r a t e  of  v iew in g  o rgan i sm s  t h a t  

had been p icked  o u t .  Obv ious ly  t h e n ,  to  examine a s p e c i e s  from 

a l l  a n g l e s  i t  i s  d e s i r a b l e  to  p i c k  o u t  a number of  c e l l s  (between 

5 “ 10 i n d i v i d u a l s ) .
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CHAPTER 3

TAXONOMIC CONSIDERATIONS

INTRODUCTION

This  c h a p t e r  d e s c r i b e s  the  taxonomic d i f f i c u l t i e s  

e n c o u n te re d  w i t h  t h e  t h e c a t e  m o t i l e  d i n o f l a g e l l a t e s  and t h e i r  

c y s t s .  Problems w i t h  naked d i n o f l a g e l l a t e s  a r e  d e s c r i b e d  i n  

C hap te r  2 .  To b e g i n  i t  i s  n e c e s s a r y  t o  look  a t  t h e  s t u c t u r e  of  

m o t i l e  c e l l s  and c y s t s  and t o  e x p l a i n  some i t e m s  of  t e r m i n o l o g y .

M o t i l e  c e l l s

The armoured d i n o f l a g e l l a t e s  a r e  so c a l l e d  b e c au s e  of  t h e i r  

c o v e r i n g  o f  c e l l u l o s e  p l a t e s .  These p l a t e s  and t h e i r  

c h a r a c t e r i s t i c s  a r e  used  a s  the  b a s i s  of taxonomic d i v i s i o n s  

w i t h i n  t h e  g r oup .  Kofo id  (1909)  deve loped  a sys tem  o f  

nom enc la tu re  f o r  t h e s e  p l a t e s  t h a t  i s  d e s c r i b e d  i n  F i g u r e  3 . 1 ,  a -  

d .  As w i l l  be seen  from t h e  taxonomic d e s c r i p t i o n s  q u i t e  smal l  

v a r i a t i o n s  i n  t h e  numbers of  p l a t e s  or  the  way i n  which  they  

touch  o t h e r  p l a t e s  can d i v i d e  s p e c i e s  or  even g e n e r a .  The 

e c o l o g i s t  s t u d y i n g  numerous samples  by l i g h t  m ic r o sc o p y  c a n n o t  

d e te r m in e  the  comple te  p l a t e  s t r u c t u r e  of  e ve ry  armoured 

d i n o f l a g e l l a t e  e n c o u n t e r e d .  With some e x p e r i e n c e  o f  l o o k in g  a t  

d i n o f l a g e l l a t e s , however ,  i t  i s  c l e a r  t h a t  c e r t a i n  s p e c i e s  can be 

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

N e v e r t h e l e s s  t h e r e  remain  a number of  groups  of  s p e c i e s  t h a t  a r e  

d i f f i c u l t  to  d i s t i n g u i s h .  The key i s  pe rhaps  to  have looked  a t  a 

r ange  of  samples  a l l o w i n g  compar isons  o f  a wide v a r i e t y  of  

s p e c i e s  to  be made.  I t  i s  o f t e n  no t  u n t i l  a p a r t i c u l a r  s p e c i e s  

has  been  seen  on more t han  one o c c a s i o n  o r  i n  l a r g e  numbers t h a t  

i t  i s  r e c o g n i s e d  f o r  what  i t  i s .
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Figure 3.1 ; Description of terms used in t h e c a t e
taxonomy
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Figure 3.2 Descrip t ion  of te rm s  used  in cyst taxonomy
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I n  t h i s  s tudy  m o t i l e  c e l l s  were r o u t i n e l y  i d e n t i f i e d  on

t h e i r  g ro s s  m o r p h o l o g ic a l  f e a t u r e s .  Where t h e r e  was u n c e r t a i n t y  

and where t h e  c e l l s  were p r e s e n t  in  s u f f i c i e n t  numbers to  j u s t i f y  

i t  or  where  c e l l s  were p o t e n t i a l l y  t o x i c  Scann ing E l e c t r o n

Microscopy (S .E .M .)  was c a r r i e d  o u t  to  a i d  i d e n t i f i c a t i o n .  In  

some c a se s  by r e l a t i n g  l i g h t  m ic ro sc opy  t o  f e a t u r e s  e l u c i d a t e d  by 

the  S.E.M. t h i s  e n a b le d  t h e  i d e n t i f i c a t i o n  o f  the  s p e c i e s  on 

l a t e r  o c c a s i o n s ;  i n  o t h e r s  i t  m e r e ly  s e r v e d  t o  c l a s s i f y  s p e c i e s  

i n  a g roup  t h a t  cannot  r o u t i n e l y  be s e p a r a t e d  by l i g h t

m ic r o s c o p y .

Cys ts

The s tu d y  of  d i n o f l a g e l l a t e  c y s t s  has  l a r g e l y  been  c a r r i e d  

ou t  by p a l y n o l o g i s t s ,  whereas  m o t i l e  c e l l s  have l a r g e l y  been  

s t u d i e d  by p h y c o l o g i s t s , r e s u l t i n g  i n  a d u a l  sys te m  o f  

n o m en c la tu re  f o r  c y s t s  and m o t i l e  c e l l s .  (The h i s t o r i c a l  a s p e c t s  

of  t h i s  a r e  d e s c r i b e d  i n  Chap te r  8 ) .  As f a r  as  p o s s i b l e  in  t h i s  

s tudy  b o th  names a r e  i n c l u d e d  when r e f e r e n c e  to  c y s t s  i s  made.  

Th is  i s  not  a lways p o s s i b l e  as  f o r  example when t h e  m o t i l e  s t a g e  

of  a c y s t  has no t  been de te rm in e d  o r  where  the  c y s t  does  no t  

p o s s e s s  a p a l a e o n t o l o g i c a l  d e s c r i p t i o n .  The term c y s t  as  u sed  i n  

t h i s  s tu d y  i m p l i e s  a d i n o f l a g e l l a t e  r e s t i n g  spore  r o u t i n e l y  found 

in  t h e  s e d i m e n t s .  These have a v e r y  r e s i s t a n t  w a l l  composed o f  a 

s u b s t a n c e  a k in  t o  s p o r o p o l l e n i n . O the r  n o n - m o t i l e  s t a g e s  t h a t  

have been  termed tem pora ry  c y s t s ,  p e l l i c l e  c y s t s ,  or  e c d y sa l  

c y s t s  a r e  no t  g e n e r a l l y  found i n  t h e  sed im e n t s  and a r e  no t  

i n c l u d e d  i n  t h i s  c a t e g o r y .

Many c y s t s  have  some d e g re e  of  r e f l e c t e d  t a b u l a t i o n .  That  

i s ,  c e r t a i n  f e a t u r e s  of  the  m o t i l e  s t a g e s  a r e  a l s o  r e c o g n i s a b l e  

on t h e i r  c y s t s .  T h i s  c y s t  t a b u l a t i o n  i s  p r e - f i x e d  by t h e  word 

' p a r a - '  t o  d i s t i n g u i s h  i t  from t h a t  o f  the  m o t i l e  c e l l .  For
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example a p a ra c in g u lu m  i s  f r e q u e n t l y  d i s c e r n a b l e  on c y s t  w a l l s  

( F ig .  3 . 2 ,  a - b ) .  P a r a t a b u l a t i o n  can be d i s c e r n e d  by p r e s e n c e  or  

absence  of  s p i n e s ,  r i d g e s  or  o t h e r  small  o r n a m e n ta t io n  a l o n g  t h e  

p l a t e  s u t u r e s .  I t  i s  s u f f i c i e n t  in  some c a s e s  to  i n d i c a t e  the  

m o t i l e  s p e c i e s  to  which the  c y s t  i s  r e l a t e d .  In  o t h e r  c a s e s  i t  

i s  t o t a l l y  a b s e n t .  An i m p o r t a n t  d i a g n o s t i c  f e a t u r e  of  c y s t s ,  and 

one used  e x t e n s i v e l y  i n  p a l a e o n t o l o g i c a l  taxonomy,  i s  the

a r c h e o p y l e  ( t h e  a p e r t u r e  t h a t  e n a b le s  excys tm ent  of  the  m o t i l e  

c e l l ) .  I t  i s  formed by t h e  l o s s  of  one or  more o p e r c u l a r

p i e c e ( s ) .  These  o p e r c u l a r  p i e c e s  a r e  f r e q u e n t l y  r e l a t e d  t o  

p a r a p l a t e s  and t h e y  a r e  named on t h i s  b a s i s .  The g e n e t i c  b a s i s  

f o r  t h e s e  m o r p h o l o g ic a l  f e a t u r e s  and t h e i r  r e l a t i o n  to  m o t i l e  

c e l l s  i s  f u r t h e r  d i s c u s s e d  i n  Dale  ( 1 9 8 3 ) .

The concern  o f  many p a l y n o l o g i s t s  has  been  b i o s t r a t i g r a p h y  

where as  much ' s p l i t t i n g *  of  s p e c i e s  a s  p o s s i b l e  i s  o f t e n

d e s i r a b l e .  To t h i s  end a v a s t  compendium o f  terms has  been b u i l t  

up to  d e f i n e  c y s t  f e a t u r e s .  G l o s s a r i e s  of t h e s e  terms ( e . g .  

W i l l i am s  and S a r j e a n t ,  1973)  a r e  t h e r e f o r e  v e r y  u s e f u l .  The 

taxonomy of  c y s t s  i s  complex and o f t e n  based  on specimens  t h a t  

have undergone  r i g o - r o u s  chemica l  t r e a t m e n t s .  Some d i f f i c u l t i e s  

were e x p e r i e n c e d  i n i t i a l l y  i n  t h e  p r e s e n t  s tu d y  when f r e s h  

m a t e r i a l  from t h e  sed im e n t s  was examined.  These w e r e ,  however ,  

m o s t ly  r e s o l v e d  u s in g  S.E.M. and i n c u b a t i o n  s t u d i e s  (C h a p te r  8 ) .  

D e s c r i p t i o n s  of  c y s t s  g iven  h e r e  a r e  i n t e n d e d  t o  cover  t h o s e  

s p e c i e s  no t  m en t io n e d  i n  C hap te r  8 and a l s o  as f a r  a s  p o s s i b l e  to  

d e f i n e  what  s p e c i e s  were  i n c l u d e d  i n  t h e  c o l l e c t i v e  groups used  

f o r  c o u n t i n g  p u r p o s e s .
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TAXONOMIC DESCRIPTIONS

Phylum: P y r ro p h y ta  P a sc he r  

C l a s s :  Dinophyceae F r i t s c h  

O rde r :  P r o r o c e n t r a l e s  Lemmermann 

Fam i ly :  P r o r o c e n t r a c e a e  S t e i n  

Genus : P ro roc e n t rum  Ehrenberg

Pro roc e n t rum  m icans  E h r e n b e r g ,  P r o ro c e n t ru m  g r a c i l e  Sc h Ü t t ,  

P ro ro c e n t ru m  s c u t e l l u m  S chroder

F i g .  3 . 3 ,  a - c ;  P I .  3 . 1 ,  f i g s . 1-4

S iz e  ( a f t e r  Dodge, 1 9 8 2 ) : -  P. m icans  35-70 jsm long

20-50 pn  wide 

P.  s c u t e l l u m  35-57 pn  long 

30-45 p n  wide 

P.  g r a c i l e  40-60 pn long

A l l  t h e s e  s p e c i e s  a r e  t y p i c a l  members of  the  P r o r o c e n t r a l e s ,  

the  m a jo r  p a r t  of  the  body c o n s i s t i n g  o f  two p l a t e s  j o i n e d  a t  the  

e d g e s .  The f l a g e l l a r  pore  a r e a  i s  a n t e r i o r  and i s  made up of a 

number of  smal l  p l a t e s  b e a r i n g  an  a n t e r i o r  s p i n e .  The s u r f a c e  of 

the  thec a  i s  cove red  w i t h  small  d e p r e s s i o n s  c o n t a i n i n g  t r i c h o c y s t  

p o r e s .  Dodge (1982)  n o t e s  the  p o s s i b i l i t y  t h a t  P. g r a c i l e  and 

P.  s c u t e l l u m  a r e  i n t e r m e d i a t e  forms r e l a t e d  t o  P. m i c a n s . The 

main c r i t e r i o n  f o r  s e p a r a t i o n  o f  t h e s e  s p e c i e s  i s  s i z e  and s h a p e .  

C e r t a i n l y  P. micans  a ppeared  i n  t h i s  s tu d y  t o  be  the  m os t  common 

member of  t h i s  g roup .  I t  was only  when a mixed p o p u l a t i o n  o f  

P.  micans  and P. s c u t e l l u m  was e n c o u n te re d  i n  Loch Sween i n  1982 

t h a t  P. s c u t e l l u m  was r e c o g n i s e d  a s  b e in g  c l e a r l y  a d i s t i n c t  

s p e c i e s .  L ig h t  m ic r o s c o p e  o b s e r v a t i o n s  showed t h e  shapes  of  the  

two s p e c i e s  t o  be  q u i t e  d i f f e r e n t  ( F i g .  3 . 3 ,  a - b )  and t h o s e  

i d e n t i f i e d  as  P. s c u t e l l u m  a l s o  had a s h o r t e r  s p i n e  a t  t h e i r  

a n t e r i o r  end .  E xam ina t ion  by S.E.M. showed t h a t  t h e  t h e c a l
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PLATE 3.1

A l l  f i g u r e s  S.E .M.s  u n l e s s  o t h e r w i s e  s t a t e d

F i g .  1 : D e t a i l  of  s u r f a c e  p a t t e r n i n g  o f  P r o ro c e n t ru m  m i c a n s ;

X 15 ,6 3 2 ;  Loch Sween,

F i g .  2 : D e t a i l  of  s u r f a c e  p a t t e r n i n g  of  P r o ro c e n t ru m  s c u t e l l u m ; 

X 10 ,4 3 9 ;  Loch Sween.

F i g .  3 : P. m i c a n s , 46 ^  long  ( e x c l u d in g  s p i n e ) ;  Loch Sween.

F i g .  4 : P. s c u t e l l u m , 46 jjm long ( e x c l u d in g  s p i n e ) ;  Loch Sween.

F i g .  5 : L ig h t  m ic r o g ra p h  of  Din ophys is  n o r v e g i c a , 60 jm  l o n g ;

Nor th  Minch.

F i g .  6 : D inophys is  a c u m i n a t a , 37 pn  long ;  Loch C r e r a n .
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p a t t e r n i n g  o f  t h e s e  s p e c i e s  was a l s o  d i s t i n c t .  Al though the  

t r i c h o c y s t  po res  on bo th  s p e c i e s  had i d e n t i c a l  s t r u c t u r e s  ( P I .

3 . 1 ,  f i g s . 1 -2 )  the  t h e c a l  o r n a m e n ta t io n  d i f f e r e d .  The th ec a  of  

P. micans  was smooth whereas  t h a t  of  P. s c u t e l l u m  was cove red  

w i th  sm al l  p r o t r u s i o n s  and each  t r i c h o c y s t  po re  was p a r t l y  or  

w hol ly  s u r r o u n d e d  by a r i d g e  ( P I .  3 . 1 ,  f i g . 3 - 4 ) .  Th is  i s  i n  

a c co rda nce  w i t h  Lebour  (1925)  and S c h i l l e r  (1937)  who n o t e  the  

p r e s e n c e  of  small  s p i n e s  over  i t s  s u r f a c e .  S . E . M . ' s  of 

P. g r a c i l e  (Dodge and Saunders  u n p u b l . )  showed i t  to  have s i m i l a r  

t h e c a l  o r n a m e n t a t i o n  t o  P. micans  bu t  i t  was much n a r r o w e r  in  

shape  w i t h  a l a r g e r  a n t e r i o r  s p in e  ( F i g .  3 . 3 ,  c ) .

O rde r :  D i n o p h y s i a l e s  Lindemann

Family  : D inophys ia c e ae  S t e i n  

Genus : D inophys is  Ehrenberg

D inophys is  acum ina ta  (ClaparAde & Lachman)

P I .  3 . 1 ,  f i g s . 5-6

S iz e  ( a f t e r  Dodge, 1982) :  38-58 pn  long

This  s p e c i e s  h a s  been a s s o c i a t e d  w i t h  d i a r r h e t i c  m usse l

p o i s o n i n g  (Kat 1982, 1 9 8 3 a ,b )  and so  i t  was f e l t  i m p o r t a n t  t h a t

d e f i n i t e  i d e n t i f i c a t i o n  was made.  I t  i s  a t y p i c a l  member of  the  

D i n o p h y s i a l e s ,  hav in g  a l a r g e  hypo th ec s  (composing t h e  m a j o r i t y  

of  t h e  c e l l )  an i n d e n t e d  c in gu lum, and a sm a l l  f l a t t e n e d

e p i t h e c a .  The cingu lum i s  su r rounded  by l i s t s  and t h e r e  i s  a l s o  

a l i s t  on t h e  h y p o th ec s  s u p p o r t e d  by r i b s .  The o r i g i n a l  

d e s c r i p t i o n  by C la pa re de  and Lachman (1859)  has  been  much 

m o d i f i e d .  The s p e c i e s  i s  ve ry  v a r i a b l e  (Solum, 1962)  and h a s  a 

c l o s e  r ese m b la nc e  to  D inophys is  l a c h m a n i i  P a u l s e n  and a b r o a d

resem blance  to  D inophys is  n o r v e g i c a  C la p a rè d e  and Lachman. Dodge 

(1982)  c o n s i d e r s  D. l ac h m an i i  t o  be synonymous w i t h  D. a c u m i n a t a . 

D. ac um ina ta  has  a more weakly rounded  body shape  than
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Prorocentrum
micans

P. scu te l lum

Figure 3.3

P. g rac i le

Oblea r o tu n d a ta 0. ro tunda ta Protoperidinium
b rev ipes

Protoperidinium

diaboium

Scrippsie l la  t rochoidea 

( a f te r  Wall and Dale 1968b)
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D. n o r v e g i c a  which has  a d i s t i n c t l y  p o i n t e d  h y p o t h e c s .  Scann ing  

m ic rog ra phs  of  c e l l s  i n  t h i s  s tudy  showed f a i r l y  smooth t h e c a l  

p l a t e s  i n  D. acum ina ta  ( P I .  3 . 1 ,  f i g . 6 ) ;  D. n o r v e g i c a  u s u a l l y  has  

a h e a v i l y  ornamented  t h e c a  ( se e  Dodge, 1982; P I . I I ,  a ) .  Both 

s p e c i e s  can p o s s e s s  knobs a lo n g  t h e  c e l l  edge b u t  t h e s e  were 

r e l a t i v e l y  uncommon i n  D. n o r v e g i c a . In  t h e  p r e s e n t  s tudy  th e y  

tended  t o  be a t  the  bo t tom o f  the  c e l l  i n  D. acum ina ta  bu t  were 

sometimes r i g h t  round t h e  c e l l  edge in  D. n o r v e g i c a  ( P I .  3 . 1 ,  

f i g s . 5 - 6 ) .  I t  was f e l t  t h a t  the  S . E . M . ' s  confi rmed  t h e  

i d e n t i f i c a t i o n  o f  t h i s  s p e c i e s  a s  D. a c u m i n a t a . Those found i n  

t h i s  s tudy  c l o s e l y  resem b led  t h a t  f i g u r e d  by Kat (1983a;  F i g .  

2 . ) .

Order :  P e r i d i n i a l e s  Haeckel

Fam ily :  P e r i d i n i a c e a e  Ehrenberg  

Genera:  D i p l o p s a l i s  Bergh;

Dissodium Abe ;

Zygabikod inium L o e b l i c h  and L o e b l i c h

The taxonomy of the  D i p l o p s a l i s  group was ex t r e m e ly  

confused  u n t i l  i t  was i n  some m easu re  s o r t e d  o u t  by Dodge and 

Hermes ( 1 9 8 1 ) .  The group c o n s i s t s  of  s p e c i e s  w i t h  sm al l  g l o b u l a r  

or l e n t i c u l a t e  c e l l s  w i t h  an e q u a t o r i a l  g i r d l e  b o r d e r e d  by l i s t s .  

A l l  s p e c i e s  have a d i s t i n c t i v e  l i s t  t o  the  l e f t  of  the  s u l c u s .  

They a l l  l a c k  c h l o r o p l a s t s , the  p ro to p la sm  b e in g  pink i n  c o l o u r .  

When seen  from above u s i n g  l i g h t  m ic ro sc opy  t h e s e  c e l l s  a r e  

d i f f i c u l t  to  d i s t i n g u i s h  from P r o t o p e r i d i n i u m  and so  were grouped 

w i t h  them in  c oun ts  when t h i s  h a ppe ned .  Withou t  d e t a i l e d  p l a t e  

a n a l y s i s  mos t  c e l l s  of s i m i l a r  s i z e  w i t h i n  t h e  group a r e  

d i f f i c u l t  to  d i s t i n g u i s h .  Hence i n  c oun ts  c e l l s  o f  t h i s  group 

were f r e q u e n t l y  a s s i g n e d  t o  D i p l o p s a l i s  s p p .  I n  some coun ts  

D i p l o p s a l i s  l e n t i c u l a  Bergh was d i s t i n g u i s h e d  bu t  t h i s  a lm o s t  

c e r t a i n l y  c o n t a i n e d  some c e l l s  of  Zygabikodinium  l e n t i c u l a t u m  

(Mangin) L o e b l i c h  and L o e b l i c h .  D. l e n t i c u l a  and Z. l e n t i c u l a t u m
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d i f f e r  o n l y  i n  e p i t h e c a l  p l a t e  d e t a i l  . C y s t s  o f  b o t h  t h e s e  

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

( C h a p t e r  8 ) .  S c a n n i n g  m i c r o s c o p y  c o n f i r m e d  t h e  p r e s e n c e  o f  b o t h  

s p e c i e s .  C e l l s  o f  D i s s o d i u m  a s y m m e t r i c u m  ( M a n g i n )  L o e b l i c h  w e r e  

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

t h e  p r e v i o u s  t w o .  On t h e  w h o l e  t h e  a f o r e m e n t i o n e d  s p e c i e s  w e r e  

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

was t h e r e f o r e  n o t  c a r r i e d  o u t  f o r  t h i s  g r o u p  e x c e p t  on o n e  v e r y  

s m a l l  s p e c i e s  w h i c h  was  f o u n d  t o  b e  o c c a s i o n a l l y  common i n  Loch 

C r e r a n  a n d  w h o s e  d e s c r i p t i o n  now f o l l o w s .

G e n u s :  O b l e a  B a l e c h

O b l e a  r o t u n d a t a  ( L e b o u r )  B a l e c h  ex  S o u r n i a

F i g .  3 . 3 ,  d - e ;  P I .  3 . 2 ,  f i g s . 1-3

S i z e : -  17-25 ^  wide 

17-25 jjm long

The c e l l  was g l o b u l a r  w i t h  an e q u a t o r i a l  g i r d l e  ( P I .  3 . 2 ,  

f i g . l ) .  The g i r d l e  l i s t s  were s u p p o r t e d  by p rom inen t  s p i n e s  and 

t h e r e  was a s u l c a l  l i s t .  The comple te  e p i t h e c a l  and h y p o t h e c a l  

t a b u l a t i o n  was de te rm in e d  by S.E.M. ( F i g ,  3 . 3 ,  d - e )  and was 

s u f f i c i e n t  to  a s s i g n  i t  to  Oblea r o t u n d a t a . The d i s t i n g u i s h i n g  

f e a t u r e s  of  i t s  p l a t e  p a t t e r n i n g  were the  'met a '  f i r s t  a p i c a l  

p l a t e ,  t h e  l a r g e  f i r s t  i n t e r c a l a r y  p l a t e  and t h e  two a n t a p i c a l  

p l a t e s  ( P I .  3 . 2 ,  f i g . 3 ) .  Although i t  was s m a l l e r  i n  s i z e  and had 

a d i f f e r e n t  p l a t e  p a t t e r n  t h e r e  was a s t r i k i n g  s i m i l a r i t y  between 

t h i s  s p e c i e s  and o t h e r  members of  t h e  D i p l o p s a l i s  group ( s e e  

Chap te r  8 ) .
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PLATE 3 . 2 .

A l l  f i g u r e s  a r e  S . E . M . s

F i g .  1 : V e n t r a l  v i e w  o f  O b l e a  r o t u n d a t a , 26 jim a c r o s s ;  Loch

C r e r a n .

F i g .  2 : Ap ica l  view of  0 .  r o t u n d a t a , a p p r o x i m a t e l y  20 jjm

a c r o s s ;  Loch C r e ra n .

F i g .  3 : A n t a p i c a l  view of  0 .  r o t u n d a t a , a p p r o x i m a t e l y  21 pm

a c r o s s ;  Loch C r e ra n .

F i g .  4 : Side view Glenodinium s p . ,  19 pm a c r o s s ;  Loch C r e r a n .

F i g .  5 : V e n t r a l  view P r o t o p e r i d i n i u m  b r e v i p e s , 32 pm a c r o s s ;

West Loch T a r b e r t .

F i g .  6 : Dorsa l  /  a p i c a l  view o f  P. b r e v i p e s  showing 2a p l a t e ,

a p p ro x i m a t e ly  25 pm a c r o s s ;  Loch C r e r a n .
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Genus  : G l e n o d i n i u m  E h r e n b e r g

This  genus was f o r m a l l y  t a k e n  t o  i n c l u d e  t h o s e  s p e c i e s  which  

have t h i c k e n e d  t h e c a l  p l a t e s  b u t  no obv ious  p l a t e  t a b u l a t i o n .  In  

g e n e r a l  t h e  h y po thec a  and e p i t h e c a  a r e  more or  l e s s  equa l  (Dodge, 

1 9 82 ) .  S p e c i e s  d e s c r i b e d  from t h i s  genus only  have t h e s e  tenuous  

r e l a t i o n s h i p s  and t h e  genus i s  thus  s ometh ing  o f  a taxonomic

• d u s t b i n ' .

G l e n o d i n i u m  s p p .

S i z e : -  <20 pm a c r o s s

The c e l l s  a s c r i b e d  t o  t h i s  h e a d in g  were  sm al l  w i t h  a median  

g i r d l e  d i v i d i n g  t h e  e p i t h e c a  and h y p o t h e c a  e v e n l y .  With r o u t i n e  

l i g h t  m ic ro sc o p y  t h e s e  c e l l s  were  i m p o s s i b l e  to  s e p a r a t e .

O c c a s io n a l  S.E.M. o b s e r v a t i o n s  s u g g e s t e d  t h a t  a v a r i e t y  of

s p e c i e s  were  i n c l u d e d  i n  t h i s  c a t e g o r y .  Most ( t h a t  s u r v i v e  the  

S.E.M. p r o c e s s i n g )  had some i n d i c a t i o n s  of  p l a t e  t a b u l a t i o n  ( P I .  

3 . 2 ,  f i g . 4 )  and some had unusua l  p l a t e  p a t t e r n i n g  (Dodge and 

S a u n d e r s ,  u n p u b l . ) .  S .E.M. o b s e r v a t i o n s  have  a l s o  shown t h a t  a t  

l e a s t  some of t h o s e  c e l l s  coun ted  a s  Glenodin ium s p p .  in  t h i s

s tu d y  were v e r y  s m a l l  Gonyaulax t a m a r e n s i s  c e l l s .

Genus : P r o t o p e r i d i n i u m  Bergh

Many s p e c i e s  of  P r o t o p e r i d i n i u m  were h a t c h e d  from c y s t s .

The taxonomy of  t h e  h a t c h e d  m o t i l e  c e l l s  and t h a t  of  t h e i r  c y s t s  

i s  d e s c r i b e d  i n  Cha p te r  8 .  As m os t  P r o t o p e r i d i n i u m  s p e c i e s  w ere  

e i t h e r  r a r e  or  e a s i l y  d i s t i n g u i s h e d ,  f u t h e r  i n v e s t i g a t i o n s  w ere  

on ly  c a r r i e d  o u t  on two s p e c i e s .  The f i r s t  of  t h e s e  s p e c i e s  was 

f r e q u e n t  i n  Loch C re ran  i n  1982 and 1983 and t h e  second was found

to  be common i n  some a r e a s  i n  t h e  summer of  1982.
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P r o t o p e r i d i n i u m  b r e v i p e s  ( P a u l s e n )  B a l e c h

F i g .  3 . 3 ,  f ;  P I .  3 . 2 ,  f i g s . 5-6

S iz e  ( a f t e r  Dodge, 1 9 8 2 ) : -  18-38 pm long

28-34 pm wide

This  sm al l  b u t  d i s t i n c t  s p e c i e s  was n o t  e a s i l y  i d e n t i f i e d  by 

th e  r o u t i n e  l i g h t  m ic r o sc o p y  used  f o r  c o u n t i n g .  The lo b ed  

hypo theca  was c l e a r  b u t  t h e  sm al l  s p i n e s  a t  t h e  b a s e  of  t h e s e

lobes  were  no t  o b v i o u s .  With S.E.M. i t  was i m m e d ia te ly  a p p a r e n t

t h a t  the  c e l l  was P. b r e v i p e s . The c e l l  was rhombic i n  v e n t r a l

v iew .  I t  had a lobed h y p o t h e c a  w i t h  two a n t a p i c a l  s m a l l  s p i n e s .

The f i r s t  a p i c a l  p l a t e  was meta  ( P l .  3 . 2 ,  f i g . 5 )  and t h e  second  

i n t e r c a l a r y  (2 a )  was c h a r a c t e r i s t i c a l l y  s m a l l  and a l m o s t  s q u a re  

(F ig .  3 . 3 ,  f ; P I .  3 . 2 ,  f i g . 6 ) .  The th e c a  was c ove re d  by s m a l l  

s p in e s  and even s m a l l e r  r e t i c u l a t i o n s  ( P I .  3 . 2 ,  f i g . 6 ) .

P r o t o p e r i d i n i u m  d iabo ium  (C le v e )  Ba lech

F i g .  3 . 3 ,  g; P I .  3 . 3 ,  f i g . l

S i z e  ( a f t e r  Dodge, 1 9 8 2 ) : -  50-75 pm long

42-60 pm wide

The m o t i l e  t h e c a t e  c e l l  was p y r i f o rm e  w i t h  a long  a p i c a l  

ho rn  and two s o l i d ,  d i v e r g e n t  a n t a p i c a l  s p i n e s  ( P I .  3 . 3 ,  f i g . l ) .  

The f i r s t  a p i c a l  p l a t e  was ' p a r a '  and t h e  second i n t e r c a l a r y  was 

' h e x a '  ( F i g .  3 . 3 ,  g ) .  The a n t a p i c a l  s p i n e s  w ere  winged and t h e

l e f t  one had a s m a l l  a c c e s s o r y  s p i n e  a t  i t s  b a s e .
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Scxne i n i t i a l  d i f f i c u l t y  was e x p e r i e n c e d  i n  s e p a r a t i n g  t h i s  

s p e c i e s  from P r o t o p e r i d i n i u m  p e l lu c id u m  and P r o t o p e r i d i n i u m  

p a l l i d u m . A f t e r  S.E.M. i t  was c l e a r  t h i s  s p e c i e s  cou ld  be 

d i s t i n g u i s h e d  by l i g h t  m ic ro sc opy  on t h e  b a s i s  of  c e l l  body shape  

and t h e  s t r u t u r e  of  the  a n t a p i c a l  h o r n s .

Round, brown c y s t s

I n  the  c y s t  c oun ts  the  h e te r o g e n e o u s  group of  ' r o u n d ,  brown 

c y s t s '  was coun ted  a s  a s i n g l e  e n t i t y .  T h i s  was b e c a u s e  the  

c y s t s  them se lves  were  i n d i s t i n g u i s h a b l e ,  and a f t e r  excys tm en t  

c e r t a i n  s p e c i e s  were  s t i l l  d i f f i c u l t  to  d i s t i n g u i s h  ( s e e  Chap te r  

8 ) .  Th is  group p robab ly  i n c l u d e d  many P r o t o p e r i d i n i u m  s p e c i e s  

and a l s o  some G le n o d in i a c e a n  s p e c i e s .  I n c u b a t i o n  work (C h a p te r  

8 )  showed t h a t  the  group i n c l u d e d  P r o t o p e r i d i n i u m  a v e l l a n a , 

P. c o n i c o i d e s , P.  d e n t i c u l a t u m , P.  e x c e n t r i c u m , ?P. h a n g o e i , 

P. s u b in e r m e , P .  t h o r i a n u m , and ?P.  t h u l e s e n s e ; and a l s o  

D i p l o p s a l i s  l e n t i c u l a  and Zygabikodin ium l e n t i c u l a t u m . I t  i s  

p o s s i b l e  i t  a l s o  c o n t a i n s  the  s p e c i e s  P r o t o p e r i d i n i u m  

p u n c tu l a tu m , D i p l o p s a l i s  o r b i c u l a r i s  (Wall and D a le ,  1968)  and 

o t h e r s  a s  y e t  u n i d e n t i f i e d  (D a le ,  1983 ) .

Genera:  S c r i p p s i e l l a  Balech ex L o e b l i c h  I I I  

P e r i d i n i u m  Ehrenberg

The taxonomy of  the  sm al l  o r t h o p e r i d i n i o i d  d i n o f l a g e l l a t e s  

i s  e x t r e m e ly  c o n f u s e d .  Th is  i s  p a r t l y  b e c a u s e  of  t h e i r  sm al l  

s i z e  and t h e  c onsequen t  d i f f i c u l t i e s  i n  d i s t i n g u i s h i n g  p l a t e  

t a b u l a t i o n  and p a r t l y  b e c au s e  of  the  c l o s e  s i m i l a r i t i e s  be tween  

the  m o t i l e  t h e c a t e  s t a g e s .  In  a d d i t i o n  t o  t h e s e  problems t h e r e  

a r e  many c u l t u r e s  of  s p e c i e s  from t h i s  group and new d e s c r i p t i o n s  

have been  made when p o s s i b l y  t h e r e  has no t  been s u f f i c i e n t  i n t e r 
comparison  o f  m a t e r i a l .
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The taxonomic d i f f i c u l t i e s  w i t h  t h i s  group can be eased  i f  

the  c y s t  s t a g e  i s  t aken  i n t o  accoun t  (D a le ,  1 9 78 ) .  Three  genera  

of t h i s  group a r e  s e p a r a t e d  by minor  t h e c a l  p l a t e  d i f f e r e n c e s  

amonst  the  m o t i l e  s t a g e s :  S c r i p p s i e l l a  has  s i x  c i n g u l a r  p l a t e s ,

P e r id i n iu m  has f i v e  c i n g u l a r  p l a t e s ,  and E n s i c u l i f e r a  has  f i v e  

c i n g u l a r  p l a t e s  the  f i r s t  of  which has  an  e l o n g a t e  p r o j e c t i o n  

i n t o  the  e p i t h e c a .  These d i f f e r e n c e s  a r e  ha rd  t o  see  even u s i n g  

the  S.E.M. The morphology of  t h e i r  c y s t s  i s ,  however ,  ve ry  

d i f f e r e n t .

In  t h i s  s tu d y  e x a m in a t io n  o f  t h e c a t e  m o t i l e  s t a g e s  ( f rom 

w a te r  column s a m p le s )  su g g e s t e d  t h a t  S c r i p p s i e l l a  t r o c h o i d e a  and 

P e r id i n iu m  f a e r o e n s e  were p r e s e n t  in  t h e  s e a - l o c h s .  S t u d i e s  of  

c y s t s  ( f rom s e d im e n ts  and t h e  w a t e r  column) s u g g e s t e d  a f u r t h e r  

s p e c i e s  S c r i p p s i e l l a  ? sweeneyae . Thus S c r i p p s i e l l a  spp .  as u sed  

in  t h i s  s tu d y  in  r e f e r e n c e  to  t h e c a t e  m o t i l e  s t a g e s  t h e r e f o r e  

i n c l u d e s  a t  l e a s t  t h r e e  s p e c i e s .  The two c y s t  types  found were 

s e p a r a t e d  i n  c oun ts  a s  they  were q u i t e  d i s t i n c t .

S c r i p p s i e l l a  t r o c h o i d e a  ( S t e i n )  L o e b l i c h  I I I

F i g .  3 . 3 ,  h - i ;  P I .  3 . 3 ,  f i g s . 2-3

S i z e  ( a f t e r  Dodge, 1 9 8 2 ) : -  t h e c a e  16-36 ^  long

20-23 jjm wide 

c y s t s  ( i n c .  s p i n e s )  26-37 ^  a c r o s s

Thecae

These were  t y p i c a l  o f  t h e  smal l  o r t h o p e r i d i n i o i d  

d i n o f l a g e l l a t e s . They had smooth t h e c a l  p l a t e s  w i t h  randomly 

s c a t t e r e d ,  s im ple  t r i c h o c y s t  p o r e s .  The p l a t e  t a b u l a t i o n  i s  

shown i n  F i g u r e  3 . 3 ,  h - i .  I n  t h e  p a s t  t h i s  s p e c i e s  h a s  been  

con fused  w i t h  P e r i d i n i u m  f a e r o e n s e  ( s e e  f o r  example the  

d i s c u s s i o n  i n  S t e i d i n g e r  and B a le ch ,  1 9 7 7 ) .  Lebour  (1925)
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PLATE 3 .3  

A l l  f i g u r e s  a r e  S.E.M.s

F i g .  1 : V e n t ra l  view of  P r o to p e r id i n iu m  d ia b o iu m , a p p r o x i m a t e l y  

44 Jim a c r o s s ;  Loch Mel f o r t .

F i g .  2 : Apica l  view o f  r e c e n t l y  e n c y s t e d  S c r i p p s i e l l a  t r o c h o i d e a  

c e l l ,  ap p ro x im a te ly  30 jam a c r o s s ;  Loch C r e r a n ,  w a t e r

s a m p le .

F i g .  3 : S. t r o c h o i d e a  c y s t ,  39 jam a c r o s s  ( i n c l u d i n g  s p i n e s ) ;

F i r t h  of  Clyde sediment  sample.

F i g .  4 : D e t a i l  o f  s u r f a c e  p a t t e r n i n g  o f  s u l c a l  a r e a  of

P e r id i n iu m  f a e r o e n s e  m o t i l e  c e l l ,  x 7 , 0 0 0 ;  F i r t h  of

L o m e .

1

F i g .  5 : V e n t r a l  view of  Gonyaulax s p i n i f e r a , 37 ^  l o n g ;  Loch I

C r e r a n .  j

F i g .  6 : V e n t r a l  view S p i n i f e r i t e s  b e n t o r i  (Gonyaulax d i g i t a l e ) , ■;

55 jam long ( i n c l u d i n g  s p i n e s ) ;  Sound o f  J u r a  s e d i m e n t .  J
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d i s t i n g u i s h e d  t h e s e  s p e c i e s  by t h e  w i d e r  f i r s t  a p i c a l  p l a t e  and 

more p rominent  a p i c a l  horn  o f  S. t r o c h o i d e a . Dale  (1977b)  

d i s t i n g u i s h e d  P. f a e r o e n s e  b e c au s e  of  i t s  d i s t i n c t i v e  t r i c h o c y s t  

pore s t r u c t u r e ;  i t s  f i v e  c i n g u l a r  p l a t e s  and t h e  d i f f e r e n c e  in  

c y s t  t y p e s .  The morphology of  the  t h e c a e  of S. t r o c h o i d e a  (as 

d e s c r i b e d  by Wall and D a le ,  1968b)  and S c r i p p s i e l l a  sweeneyae (as  

d e s c r i b e d  by B a le c h ,  1959)  a p p e a r  to  be i d e n t i c a l  and t h e  s p e c i e s  

thus  seem on ly  s e p a r a b l e  by t h e i r  c y s t  t y p e s .

C y s t s

The c y s t s  were round o r  s l i g h t l y  ovoid  and covered  i n  s p i n e s  

of  v a r i o u s  l e n g t h s  ( P l .  3 . 3 ,  f i g s . 2 - 3 ) .  Tha t  t h i s  o r n a m e n ta t io n  

i s  c a l c i t i c  (Wall e ^  , 1970)  was con f i rm ed  by d i s s o l v i n g  i t

away by g e n t l e  a c i d  t r e a t m e n t  l e a v i n g  an  o r g a n i c  i n n e r  w a l l .  The 

c y s t s  a l s o  c o n t a i n e d  a r ed  body.  I t  was on t h e  b a s i s  of t h i s

d i s t i n c t i v e  c y s t  type  t h a t  S. t r o c h o i d e a  was i d e n t i f i e d  a s  b e in g

p r e s e n t  in  t h e  s e a - l o c h s .

S c r i p p s i e l l a  ?sweeneyae Balech  ex L o e b l i c h  I I I

Th is  s p e c i e s  i s  f u l l y  d e s c r i b e d  i n  C ha p te r  8 .  I t  was 

d i s t i n g u i s h e d  from S. t r o c h o i d e a  on t h e  b a s i s  of  i t s  d i s t i n c t i v e  

c y s t  t y p e .  I t  has  been a s s i g n e d  t o  S. ? sweeneyae b e c a u s e  of  t h e  

s i m i l a r i t y  be tween  t h e  m o t i l e  t h e c a t e  s t a g e  and B a l e c h s '  o r i g i n a l  

d e s c r i p t i o n  o f  S.  sweeneyae ( B a le c h ,  1 9 5 9 ) .  I t  was p r o b a b ly  n o t

the  same s p e c i e s  a s  the  S. sweeneyae d e s c r i b e d  by Wall and Dale

(1968b) ,  as  the  c y s t  ty p es  and t h e  t h e c a l  morphology d i f f e r e d .  

I n  view o f  t h e  c u r r e n t  c o n f u s i o n  i n  t h e  taxonomy of  t h i s  g r o u p ,  

however ,  i t  was no t  f e l t  to  be  j u s t i f i e d  i n  naming a new s p e c i e s  

u n t i l  c om par i son  between t h i s  m a t e r i a l ,  t h e  S. sweeneyae type 

m a t e r i a l  and c y s t s  and c e l l s  of  the  Wall  and Dale  S. sweeneyae 

has  been  c a r r i e d  o u t .  N e v e r t h e l e s s ,  on t h e  b a s i s  of  t h e  c y s t  

ty p es  a t  l e a s t  two s p e c i e s  a r e  i n v o l v e d .
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P e r i d i n i u m  f a e r o e n s e  P a u l s e n

Siz e  ( a f t e r  Dodge, 1 9 8 2 ) : — 28-35 jim long

15-29 Jim wide

T h e c a e

Only m o t i l e  c e l l s  of  t h i s  s p e c i e s  were  c l e a r l y  i d e n t i f i e d  i n  

t h i s  s t u d y .  They had a l e s s  p rominent  a p i c a l  horn  t h a n  o t h e r  

members of  t h i s  g r o u p .  They a l s o  had o n ly  f i v e  c i n g u l a r  p l a t e s  

and s l i g h t l y  d i f f e r e n t  s u l c a l  p l a t e s  to  t h e  S c r i p p s i e l l a  s p e c i e s ,  

the  Sp p l a t e  b e i n g  p r o p o r t i o n a t e l y  s m a l l e r  ( P l .  3 . 3 ,  f i g .4-). The 

t h e c a l  o r n a m e n t a t i o n  was a l s o  d i s t i n c t i v e ,  the  t r i c h o c y s t  pores  

be ing  su r rounded  by c o n c e n t r i c  r i d g e s  ( P l .  3 . 3 ,  f i g . 4-). The c y s t  

of t h i s  s p e c i e s  ( I m p l e t o s p h a e r i d i u m  b i f u r c a t u m ) i s  o r g a n i c  and so 

q u i t e  d i f f e r e n t  from t h e  c a l c i t i c  c y s t s  of the  S c r i p p s i e l l a  

s p e c i e s .  I t  was no t  found i n  t h i s  s tu d y  b u t  t h i s  may s im ply  be 

due to  the  s i z e  of  s i e v e s  u s e d .  I t  i s  p o s s i b l e  t h a t  t h e s e  c y s t s  

were l o s t  in  t h e  s m a l l e s t  s i z e  f r a c t i o n .  Re id  (1972b)  found t h e  

s p e c i e s  to  be  a s i g n i f i c a n t  p a r t  of  t h e  c y s t  a s sem blage  in  t h i s  

r e g i o n  o f  t h e  S c o t t i s h  wes t  c o a s t .

Family : Gonyau lacaceae  Lindemann 

Genus: Gonyaulax D ie s in g

Only two members of  t h i s  genus caused  taxonomic  d i f f i c u l t i e s  

and t h e s e  a r e  d e s c r i b e d  be low .

Gonyaulax s p i n i f e r a  (C la p a r e d e  and Lachmann) D i e s i n g  

[S p i n i f e r i t e s  s p p .  (M a n te l1)  S a r j e a n t ]

P l .  3 . 3 ,  f i g s . 1 -2 ;  P l .  3 . 4 ,  f i g s . 1-2

S i z e  ( a f t e r  Dodge, 1 9 8 2 ) : -  t h e c a e  24-50 jnn long

30-40 Jim wide
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T h e c a e

Thecae had a c l e a r l y  o f f s e t ,  d e e p ly  e x c a v a t e d  g i r d l e .  

The e p i t h e c a  had ' s h o u l d e r s '  and an  a p i c a l  h o r n .  The hypotheca  

had s t r a i g h t  s i d e s  and two or  more a n t a p i c a l  s p i n e s .  The s u r f a c e  

of the  t h e c a  was o f t e n  h e a v i l y  s c u l p t u r e d  ( P l .  3 . 3 ,  f i g . 5 ) .  I t  

seems l i k e l y  t h a t  c l o s e  e x a m in a t io n  o f  p l a t e  t a b u l a t i o n s  w i l l  

r e v e a l  t h a t  more than  one s p e c i e s  i s  i n c l u d e d  i n  t h i s  group 

(Dodge and Saunders  u n p u b l . ) .  I n  a d d i t i o n  t h i s  s p e c i e s  i s  e a s i l y  

confused  w i t h  o t h e r s  of  t h i s  genus ,  f o r  example Gonyaulax 

d i g i t a l e , G. d i e g e n s i s  and G. a l a s k e n s i s  (Dodge,  1 9 8 2 ) .  I n  t h i s  

s tudy  a l l  m o t i l e  t h e c a t e  c e l l s  of  t h i s  type  were  i n c l u d e d  i n  

G. s p i n i f e r a . More than  one c y s t  type  has been found i n  t h i s  

s tudy  so i t  would  seem l i k e l y  t h a t  more than  one s p e c i e s  i s  

in c l u d e d  under  t h i s  h e a d i n g .

C y s t s

Dale (1983,  Tab le  2 . )  has  i n c u b a t e d  t e n  c y s t  types  which he 

r e l a t e s  to  the  ' G. s p i n i f e r a  g r o u p ' .  These c y s t s  i n c l u d e  a wide 

range  of  m o r p h o l o g i c a l  t y p e s  and be long  t o  s e v e r a l  c y s t  g e n e ra  

( T e c t a t o d i n i u m , B i t e c t a t o d i n i u m , P l a n o s p h a e r i d i u m ,

N em a to s p h a e ro p s i s  and S p i n i f e r i t e s ) . T h i s  i m p l i e s  t h a t  s e v e r a l  

d i f f e r e n t  s p e c i e s  (on t h e  b a s i s  of  c y s t s )  may have c l o s e l y  

r e l a t e d  t h e c a l  morphotypes  (as  i n  t h e  c a se  of  S c r i p p s i e l l a  s p p . )  

and some s p l i t t i n g  o f  the  t h e c a t e  s p e c i e s  sho u ld  be c a r r i e d  o u t .  

C onve r se ly  many s p e c i e s  o f  the  c y s t  genus S p i n i f e r i t e s  

(S.  e l o n g a t u s , S.  mem branaceous , S . m i r a b i l i s , and S. s c a b r a t u s ) 

have s i m i l a r  m o r p h o l o g i c a l  f e a t u r e s  and produce  m o t i l e  t h e c a t e  

s t a g e s  of  t h e  ' s p i n i f e r a ' t y p e , so pe rhaps  some lumping o f  t h e s e  

c y s t  s p e c i e s  sho u ld  t a k e  p l a c e .

I n  t h i s  Study a l l  s p e c i e s  of  t h e  S p i n i f e r i t e s  t y p e  were  

co un ted  t o g e t h e r  a s  S p i n i f e r i t e s  spp .  as  they  c o u l d  no t  e a s i l y  be 

d i s t i n g u i s h e d  by th e  l i g h t  m ic r o sc o p y  r o u t i n e l y  u s e d .  S.E.M.
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o b s e r v a t i o n s  i n d i c a t e d  a v a r i e t y  of  s p e c i e s  to  be p r e s e n t  

i n c l u d i n g  S. e l o n g a t u s , S.  b e n t o r i , S.  b u l l o i d e u s  and 

S. membranaceous /  m i r a b i l i s  ( P l . 3 . 3 ,  f i g . 6; P l . 3 . 4 ,  f i g s . 1 - 2 ) .

I t  i s  p o s s i b l e  more s p e c i e s  than  t h i s  were  p r e s e n t  b u t  some 

d i f f i c u l t y  was e x p e r i e n c e d  i n  s e p a r a t i n g  t h e  p a l a e o n t o l o g i c a l  

t a x a .  Re id  (1974)  found S. membranaceous , S.  b u l l o i d e u s  and 

S. l a z u s  to  be p r e s e n t  i n  t h i s  r e g i o n  o f  t h e  S c o t t i s h  w es t  c o a s t .  

Not a l l  o f  t h e s e  c y s t  ty p es  r e l a t e  to  t h e  G. s p i n i f e r a  g roup .  

S. b e n t o r i  i s  the  c y s t  of  Gonyaulax d i g i t a l e  and S. b u l l o i d e u s  

the  c y s t  of  Gonyaulax s c r i p p s a e  (Wall and D a le ,  1 9 6 8 a ) .  M o t i l e  

t h e c a t e  c e l l s  of G. d i g i t a l e  were found i n  w a t e r  samples  bu t  

m o t i l e  c e l l s  of  G. s c r i p p s a e  were n o t ;  i f  t hey  were p r e s e n t  i t  i s  

p o s s i b l e  t h a t  they  have been  i n c l u d e d  i n  t h e  c oun ts  of  

G. s p i n i f e r a . F u r t h e r  taxonomic work i n c l u d i n g  bo th  c y s t s  and 

m o t i l e  s t a g e s  i s  needed t o  e l u c i d a t e  t h i s  g roup .

Gonyaulax t a m a r e n s i s  Lebour

F i g .  3 . 4 ,  a - b ;  P l . 3 . 4 ,  f i g s . 3-4

S iz e  ( a f t e r  Dodge, 1982)  : -  24-44 jam long

20-36 Jim  wide

The c o n f u s i o n  s u r r o u n d i n g  t h e  taxonomy of  t h e  G. t a m a r e n s i s -  

l i k e  d i n o f l a g e l l a t e s  was c l e a r l y  e v i d e n t  in  1978 when 

G. t a m a r e n s i s  was t r a n s f e r r e d  t o  two d i f f e r e n t  g e n e ra  in  two 

s e p a r a t e  p a p e r s  from t h e  s^me m e e t i n g  ( T a y l o r ,  1979; L o e b l i c h  and 

L o e b l i c h ,  1 9 79 ) .  The problem i s  c h r o n i c  a s  some s p e c i e s  of  t h i s  

complex a r e  t o x i c  and o t h e r s  a r e  n o t .  A f t e r  Lebour*s o r i g i n a l  

d e s c r i p t i o n  i n  1925 Braa rud  (1945)  r e c o g n i s e d  s e v e r a l  v a r i e t i e s  

of  t h i s  s p e c i e s ,  n o t a b l y  G. t a m a r e n s i s  v a r  e x c a v a t a . L a t e r  two 

d i s t i n c t  s p e c i e s  w ere  r e c o g n i s e d ,  G. e x c a v a t a  ( t o x i c ,  

b i o l u m i n e s c e n t ,  l a c k i n g  a v e t i t r a l  p o r e )  and G. t a m a r e n s i s  (non

t o x i c ,  n o n - b i o l u m i n e s c e n t , w i th  a v e n t r a l  p o re  p r e s e n t )  ( L o e b l i c h  

and L o e b l i c h  1975) .  fBa lech  (1971)  had p r e v i o u s l y  d e s c r i b e d
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PLATE 3 . 4

A l l  f i g u r e s  a r e  S . E . M . s  u n l e s s  o t h e r w i s e  s t a t e d

F i g .  1 : V e n t ra l  view of  S p i n i f e r i t e s  b u l l o i d e u s  (Gonyaulax

s c r i p p s a e ) , 48 jam long ( i n c l u d i n g  s p i n e s ) ;  F i r t h  of

Clyde sed im ent  sample .

F i g .  2 : Dorsal  view of  S p i n i f e r i t e s  m i r a b a l i s  /  membranaceaous

(Gonyaulax s p i n i f e r a  g r o u p ) ,  56 jam long  ( i n c l u d i n g

s p i n e s ) ;  F i r t h  of  Clyde s e d im e n t  s am ple .

F i g .  3 : V e n t ra l  view o f  Gonyaulax t a m a r e n s i s , 35 jam a c r o s s ;  West 

Loch T a r b e r t ,  ( s e e  a l s o  F i g .  4 ) .

F i g .  4 : Apica l  view of  G. t a m a r e n s i s , 35 jam a c r o s s ;  West Loch

T a r b e r t ,  ( s e e  a l s o  F i g .  3 ) .

F i g .  5 : ?Epidinium s h a g r in u m , showing a r c h e o p y l e ,  37 jam a c r o s s .

F i g .  6 : L igh t  m ic ro g ra p h  of  ?E. s h a g r i n u m , showing c o n t e n t s ;

Loch Creran sediment  sample .



Plate 3.4

«

i
%



—69 —

G. e x c a v a t a  b u t  b i s  d e s c r i p t i o n  i n c l u d e s  a v e n t r a l  p o re  and was 

n o t  c o n s i d e r e d  t o  be  the  same s p e c i e s  i n  t h i s  r e v i s i o n  , Schmidt  

and L o e b l i c h  (1979a)  r e l e g a t e d  t h e s e  two s p e c i e s  back  t o  

v a r i e t i e s  h a v i n g  found t h a t  some s t r a i n s  of  b o t h  v a r i e t i e s  were 

t o x i c  (Schmid t  and L o e b l i c h  197 9 b ) .  Thus i t  a p p e a r s  t h a t  t h e r e  

i s  no c l e a r  m o r p h o l o g i c a l  f e a t u r e  to  i n d i c a t e  t o x i c i t y .  I n  the  

s p i r i t  of  t h e  s u g g e s t i o n  t h a t  names of  s p e c i e s  of  economic 

im p o r t a n c e  s h o u ld  be conse rved  ( S t e i d i n g e r ,  1983) t h i s  s p e c i e s  i s  

r e f e r r e d  t o  as  G. t a m a r e n s i s  ( t h e  a l t e r n a t i v e s  of  P ro to g o n y a u la x  

t a m a r e n s i s  T a y l o r ,  and Gessne rium t a m a r e n s i s  L o e b l i c h  and 

L o e b l i c h  b e i n g  i g n o r e d ) .

The i m p l i c a t i o n s  of  t h e  p r e s e n c e  of  t h i s  s p e c i e s  were such 

t h a t  w henever  i t  was found ,  S.E.M. was c a r r i e d  o u t  to  c onf i rm  t h e  

i d e n t i f i c a t i o n .  The c e l l s  were  rounded w i t h  a s l i g h t l y  o f f s e t  

g i r d l e  and bo th  g i r d l e  and s u l c a l  l i s t s  ( P l . 3 . 4 ,  f i g . 3 ) .  The

t h e c a l  p l a t e s  were  smooth, w i t h  a v e n t r a l  p o re  on t h e  edge of  the  

f i r s t  a p i c a l  p l a t e  ( P l .  3 . 4 ,  f i g . 4 ) .  The p l a t e  t a b u l a t i o n  ( F i g .  

3 . 4 ,  a - b )  and t h e  U-shaped n u c l e u s  a l s o  h e lp e d  t o  c h a r a c t e r i s e  

t h i s  s p e c i e s .

Figure 3.4

Gonyaulax t a m a r e n s i s
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I n  commom w i th  many of  the  g o n y a u la c o id s  t h i s  s p e c i e s  a l s o  

forms c y s t s  ( s e e  f o r  example Da le ,  1977a)  bu t  none have been  

found i n  t h i s  s t u d y .  I t  i s  p o s s i b l e  t h a t  t h i s  i s  a n o t h e r  of  t h e  

v a r i a b l e  f e a t u r e s  of  t h i s  complex.

Fam ily :  C e r a t i a c e a e  Lindemann 

Genus: Cera t ium  Schrank

Cera t ium l i n e a t u m  (E h re n b e rg )  Cleve ;  Cera t ium  minutum J o r g e n s e n

These two s p e c i e s  would  seem t o  be  end members of  a complex 

of s p e c i e s .  I n s u f f i c i e n t  m a t e r i a l  was c o l l e c t e d  i n  t h i s  s tudy  to  

compare t h e s e  s p e c i e s  and because  of t h e  d i f f i c u l t y  of  

d i s t i n g u i s h i n g  them t h e y  have  been  lumped t o g e t h e r  as  

C. l i n e a t u m . O c c a s i o n a l l y  some c e l l s  were seen  t h a t  m ig h t  have 

been C. minutum.

I n c e r t a e  s e d i s

TEpidinium shagrinum Reid 

P l . 3 . 4 ,  f i g s .  5 -6  

S i z e : -  35-39 jim a c r o s s

This  c y s t  type  was found o c c a s i o n a l l y  in  sed im en t  s a m p le s .  

A t t em p ts  a t  h a t c h i n g  were u n s t r e s s f u l  -  t h e  naked p r o t o p l a s t  

n e v e r  p r o p e r l y  formed i t s  t h e c a l  p l a t e s .  The c y s t  was c a v a t e  and 

th e  o u t e r  w a l l  was brown ( s i m i l a r  to  c y s t s  of  P r o t o p e r i d i n i u m  

s p e c i e s ) .  The i n n e r  w a l l  was s p h e r i c a l  and g r a n u l a r  ( P l . 3 . 4 ,

f i g . 5 ) .  The o u t e r  w a l l  d i d  no t  a p p e a r  to  be a t t a c h e d  t o  t h i s  

i n n e r  w a l l  b u t  was f o l d e d  a b o u t  i t .  Under the  l i g h t  m ic r o s c o p e  

t h i s  gave th e  c y s t  the  a p p e a r e n c e  of  b e i n g  ' f r i l l y ' .  The c y s t
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c o n t a i n e d  many s m a l l  b o d i e s  ( P l .  3 . 4 ,  f i g . 6 ) .  The a r c h e o p y l e  was 

d i f f i c u l t  to  d i s c e r n  and a p p e a r e d  somewhat v a r i a b l e .  Only one 

c l e a r  p i c t u r e  was o b t a i n e d  ( P l .  3 . 4 ,  f i g . 5 )  and h e r e  the  o u t e r  

w a l l  seems to  have s p l i t  and t h e  a r c h e o p y le  formed on t h e  i n n e r  

w a l l .

T h i s  c y s t  b o r e  a c l o s e  r esem b lance  t o  Ep id in ium shagr inum  

Reid bu t  the  a r c h e o p y l e  was no t  p r o p e r l y  d e t e r m i n e d  t o  a l l o w  a 

com ple te  c om pa r i son .  Reid (1972b)  d i d ,  however ,  f i n d  t h i s  

s p e c i e s  a t  i t s  mos t  abundan t  on t h e  w e s t  c o a s t  of  S c o t l a n d .  I t s  

t h e c a l  r e l a t i o n s h i p  i s  no t  c l e a r  b u t  i t  s eens  most  s i m i l a r  to  

P r o t o p e r i d i n i u m  c y s t s .
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CHAPTER 4

SEASONAL CYCLE OF DINOFLAGELLATES IN LOCH CRERAN

INTRODUCTION

To o bse rve  the  s e a s o n a l  v a r i a t i o n  i n  d i n o f l a g e l l a t e  

p o p u l a t i o n s  r e g u l a r  s ampl in g  was c a r r i e d  o u t  i n  Loch C r e r a n .  

Loch Cre ran  was chosen  f o r  two r e a s o n s ,  f i r s t l y  i t s  r eady  

a c c e s s i b i l i t y  by road  and b o a t  and s e co n d ly  b e c a u s e  i t  i s  i n  many 

r e s p e c t s  a ' t y p i c a l *  S c o t t i s h  s e a - l o c h  ( L a n d le s s  and Edwards,  

1976) .  The lo c h  has  been th e  s i t e  f o r  e x t e n s i v e  s tu d y  by the  

S c o t t i s h  Marine  B i o l o g i c a l  A s s o c i a t i o n  (S .M.B.A.)  ove r  the  l a s t  

15 y e a r s  so much background  i n f o r m a t i o n  on t h e  p h y s i c a l  

environment  and t h e  p h y t o p la n k to n  c y c l e  i s  a v a i l a b l e .

P h y s i c a l  env ironm en t

As w i t h  so many of  the  S c o t t i s h  wes t  c o a s t  s e a - l o c h s .  Loch 

Cre ran  i s  a submerged ,  g l a c i a l l y  overdeepened  r i v e r  v a l l e y .  I t  

c o n s i s t s  of  two b a s i n s  ( F i g .  4 . 1 ) .  The m ain  b a s i n  ( abou t  11 km 

long and 1 .5  km w i d e )  i s  s e p a r a t e d  from t h e  F i r t h  of  Lom e  by a 

na rrow e n t r a n c e  channel  ( 0 . 2  km wide and 5m d e e p ) .  The g r e a t e s t  

de p th  in  t h e  main  b a s i n  i s  49m. The u p p e r  l o c h  has  a maximum 

dep th  of  40m, and i s  d i v i d e d  f r a n  t h e  m ain  b a s i n  by a n a r r o w ,  

s h a l lo w  s i l l  (4m d e e p ) .  I t  i s  3km long  and 0 . 8  km w i d e .  For  

f u r t h e r  d e t a i l s  see  Milne (1972 ) ;  T e t t  and W a l l i s  (1978)  and 

T y l e r  ( 1 9 8 3 ) .

S a l i n i t y  d i s t r i b u t i o n s  s u g g e s t  t h a t  d u r i n g  much of  t h e  y e a r  

t h e  l o c h  has a t w o - l a y e r  e s t u a r i n e  c i r c u l a t i o n  d r i v e n  by 

f r e s h w a t e r  i n f l o w .  The b r a c k i s h  l a y e r  i s  be tween  4m and 8m deep 

( T y l e r ,  1983 ) .  More than  h a l f  of  t h e  f r e s h w a t e r  e n t e r s  the  u p p e r  

b a s i n  t h rough  t h e  R ive r  Cre ran  and a s m a l l e r  s t r e a m ,  i n  a d d i t i o n  

to  t h i s  t h e r e  a r e  t h r e e  o t h e r  s t r e a m s  e n t e r i n g  t h e  main  b a s i n .  

T y l e r  (1983)  c a l c u l a t e s  the  f l u s h i n g  t im e  f o r  the  loch  i n  s e v e r a l  

d i f f e r e n t  ways and c o n s i d e r s  t h e  b e s t . e s t i m a t e  to  be  12 d a y s .  _
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Maximal n u t r i e n t  l e v e l s  i n  s u r f a c e  w a t e r s  i n  Loch Cre ran  

occur  b e f o r e  the  s p r i n g  i n c r e a s e  d u r i n g  F e b ru a ry  and e a r l y  March. 

As m easured  by Jones  (1979)  i n  1974-75 t h e s e  were  0 .55  -  0 .75  ^ g -  

a t  d i s s o l v e d  i n o r g a n i c  phosphorous  (DIP)  l i t r e * a n d  5 . 5  - 7 . 5  ^ g -  

a t  d i s s o l v e d  i n o r g a n i c  n i t r o g e n  (DIN) litre".* Dur ing  t h e  s p r i n g  

i n c r e a s e  t h e s e  n u t r i e n t s  a r e  d e p l e t e d  and summer c o n c e n t r a t i o n s  

f o r  1974-75 were 0.08  -  0 .12  p g - a t  DIP l i t r e * a n d  0 .1  -  0 .25  j j g - a t  

DIN l i t r e ' /

T e t t  and W a l l i s  (1978)  r e p o r t  work t h a t  i n d i c a t e s  t h a t  a t  

l e a s t  two t h i r d s  of  n e t  p r im ary  p r o d u c t i o n  o c c u r r e d  above  8m, and 

they  t a k e  8m t o  be t h e  lower l i m i t  of the  e u p h o t i c  z o n e .  The 

dep th  to  which 5% of  i n c i d e n t  l i g h t  p e n e t r a t e s  can be c a l c u l a t e d  

u s in g  t h e  f o l l o w i n g  e q u a t i o n ; -

I  = e ' * *  

l o
where I ^  i s  i n c i d e n t  l i g h t  a t  the  s u r f a c e ,  A i s  t h e  a t t e n u a t i o n  

c o e f f i c i e n t  and z i s  d e p t h .  For Loch C re ran  T y le r  (1983)  

c a l c u l a t e s  the  a t t e n u a t i o n  c o e f f i c i e n t  to  be  be tw een  0 .20  -  0 . 3 5 ,  

i t  f o l l o w s  t h a t  f o r  the  u p p e r  end o f  t h e  r ange

In  0 .05  = - 0 . 2  X z 

z = 1 4 . 98m

the  range  o f  t h e  5% l i g h t  l e v e l  i s  t hus  be tw een  a b o u t  9 and 15m 

and t h i s  i s  t h e  b e s t  es t imaj l  of  e u p h o t i c  zone d e p t h .  Dur ing 

p e r i o d s  o f  heavy r a i n f a l l ,  f r e s h w a t e r  e n t e r i n g  t h e  l och  

c o n t a i n i n g  humic s u b s t a n c e s  c a u se s  r a p i d  a t t e n u a t i o n  o f  l i g h t  so 

t h a t  i t  i s  d a rk  w i t h i n  2 -  3m ( p e r s .  o b s . ) .
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P h y to p la n k to n  i n  Loch C re ran

R e g u la r  sampl ing  f o r  amount and s p e c i e s  c o m p o s i t i o n  o f  

ph y to p la n k to n  i n  Loch Cre ran  h a s  been  c a r r i e d  o u t  by t h e  S.M.B.A. 

s i n c e  1972.  T e t t  and W a l l i s  (1978)  d e s c r i b e  the  c h l o r o p h y l l  d a t a  

t aken  o v e r  p a r t  o f  t h i s  t im e .  T h e i r  combined p l o t  (1970-1976)  

( F i g .  4 . 2 )  shows the  g e n e r a l  f e a t u r e s  of  t h e  p h y t o p la n k to n  c y c l e .  

The c y c l e  can be d i v i d e d  i n t o  f o u r  p e r i o d s  ( T e t t ,  D r y s d a l e ,  and 

Shaw, 1981)  : -

1 .  W in te r  (December - F e b r u a r y )  <1 mg c h l o r o p h y l l  m®. Dominated 

by s m a l l  f l a g e l l a t e s .

2 .  Sp r in g -b loom  (March - A p r i l )  c h l o r o p h y l l  c o n c e n t r a t i o n  

i n c r e a s e s  to  a t  l e a s t  10 mgm^ t h e n  f a l l s .  Dominated by 

Skeletonema c o s t a t u m ; T h a l a s s i o s i r a  s p .  common.

3 .  Summer (May - S e p t e m b e r ) .  A s e r i e s  of  smal l  blooms of  v a r i o u s  

diatom s p e c i e s  : -  C h a e toce ro s  s p p . ,  L e p t o c y l i n d r u s  s p p . ,  

R h i z o s o l e n i a  spp .  and some d i n o f l a g e l l a t e s  S c r i p p s i e l l a  

t r o c h o i d e a  ( p ro b a b ly  S c r i p p s i e l l a  s p p . ) ,  H e t e ro c a p s a  t r i q u e t r a , 

Gonyaulax spp .  and Cera t ium  spp .

4 .  Autumn (Oc to ber  -November)  c h l o r o p h y l l  c o n c e n t r a t i o n s  d e c l i n e  

and t h e r e  may be  r e s u r g e n c e  of  some d ia tom s  e . g .  T h a l a s s i o s i r a  

and Skeletonema c o s ta tu m

Although  t h i s  d e s c r i b e s  the  s p e c i e s  s u c c e s s i o n  i n  1979 i t  

seems a p p l i c a b l e  to  most  y e a r s .  Ske le tonema co s ta tu m  domina te s  

t h e  p h y t o p la n k to n  p o p u l a t i o n  ( p a r t i c u l a r l y  in  t h e  S p r i n g ) .  Small  

f l a g e l l a t e s  (some of  which a r e  p robab ly  h e t e r o t r o p h s ) form a 

background  a t  a l l  t im es  w i t h  C h a e t o c e r o s , L e p t o c y l i n d r u s , and 

R h i z o s o l e n i a  i m p o r t a n t  in  t h e  sunmer.  Of t h e  d i n o f l a g e l l a t e s
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S c r i p p s i e l l a  t r o c h o i d e a  i s  the  mos t  common. These  c o n c l u s i o n s  

a r e ,  however ,  based  upon th e  s e d i m e n t a t i o n  o f  r e l a t i v e l y  s m a l l  

v a lu e s  ( e f f e c t i v e l y  2 cm^) of  L u g o l ' s p r e s e r v e d  w a t e r  from l-2m 

d e p t h .

The S p r ing  i n c r e a s e  i n  Loch C re ran  i n  l a t e  F e b ru a ry  /  e a r l y  

March seems i n  most  y e a r s  to  have been  t h e  r e s u l t  of  p e r s i s t a n t  

s a l i n i t y  s t a b i l i s a t i o n  o f  the  w a t e r  column.  I n  o t h e r  c o a s t a l  

s i t u a t i o n s  a t  s i m i l a r  l a t i t u d e s  s t a b i l i s a t i o n  o f  t h e  w a t e r  column 

i s  c o n t r o l l e d  by t e m p e r a t u r e  and t h e  s p r i n g  i n c r e a s e  o c c u rs  l a t e r  

in  t h e  y e a r .  There  i s  no d e f i n i t e  o c c u r r e n c e  of  an Autumn bloom 

in  most  y e a r s ,  u n l i k e  w a t e r s  where  t h e r e  i s  a breakdown o f  the  

summer t h e r m o c l i n e .  T e t t  and W a l l i s  (1978)  n o t e  t h a t  t h e r e  i s  

c o n s i d e r a b l e  v a r i a t i o n  i n  week t o  week r u n - o f f  w i t h  c o n s e q u e n t  

e f f e c t s  on t h e  w a t e r  column,  making i t  r em a rka b le  t h a t  such a 

marked s e a s o n a l i t y  e x i s t s .

P r e v io u s  p h y t o p la n k to n  s u rv e y s

While  t h e r e  have been  v e ry  many p h y t o p l a n k t o n  s u rve ys  d u r in g  

the  h i s t o r y  of  phycology few have c o n c e n t r a t e d  t h e i r  a t t e n t i o n  on 

d i n o f l a g e l l a t e  p o p u l a t i o n s .  Th i s  i s  p robab ly  b e c a u s e  of  the  

p a u c i t y  of  d i n o f l a g e l l a t e s  compared t o  o t h e r  s p e c i e s  d u r in g  mos t  

of  the  y e a r .  Data  from d i f f e r e n t  su rveys  can on ly  be compared i n  

a g e n e r a l  way b e c a u s e  of  d i f f e r e n c e s  i n  sampl ing  t e c h n i q u e s  and 

sampl ing a r e a s  and a l s o  changes i n  taxonomic n o m e n c l a t u r e .  Many 

p h y to p la n k to n  s u rve ys  have been  made w i t h  t h e  u s e  of  n e t s .  While  

t h i s  i s  a d e q u a t e  f o r  a  q u a l i t a t i v e  s tu d y  of  l a r g e r  s p e c i e s  i t  

b e a r s  l i t t l e  r e l a t i o n  t o  a c t u a l  numbers  o r  p r o p o r t i o n s  o f  c e l l s  

p r e s e n t ,  even o f  t h e  l a r g e r  s p e c i e s  ( p e r s o n a l  o b s e r v a t i o n ) ,  

o t h e r  s u rv e y s  have  employed s e d i m e n t a t i o n  t e c h n i q u e s  and t h e s e  

a r e  c o n s i d e r e d  comparable  to  the  t e c h n i q u e s  u s e d  i n  t h i s  s t u d y .  

Surveys have been c a r r i e d  o u t  i n  many p l a c e s  and f o r  t h e  pu rp o se s  

o f  i n t r o d u c t i o n  t h e y  w i l l  be d i v i d e d  i n t o  g e o g r a p h i c  a r e a s .
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W este rn  S c o t l a n d

M a r s h a l l  and Orr (1927)  r ec o r d e d  s e a s o n a l  changes  i n  t h e

p h y t o p la n k to n  f o r  the  F i r t h  o f  Clyde and Loch S t r i v e n  f o r  1924-  

1928.  They examined w a t e r  samples  which were c e n t r i f u g e d  b e f o r e  

c o u n t i n g .  The on ly  o t h e r  p u b l i s h e d  s e a s o n a l  s u r v e y s  of

p h y to p la n k to n  c o m p o s i t i o n  on t h e  S c o t t i s h  West c o a s t  a r e  t h o s e  of  

Wood, T e t t  and Edwards (1973)  i n  Loch E t i v e  d u r i n g  1970 and 1971

and Gowen, T e t t  and Jones  (1983)  i n  Loch A r d b h a i r  i n  1981 and

1982.  These  s u rv e y s  employed a s e d i m e n t a t i o n  t e c h n i q u e  f o r

c o u n t i n g .

A more d e t a i l e d  u n p u b l i s h e d  s u rv e y  of Loch E t i v e  was made in  

1969 by T e t t  u s i n g  t e c h n i q u e s  s i m i l a r  to  t h o s e  u s e d  i n  t h i s  

s t u d y .  O the r  r e l e v a n t  u n p u b l i s h e d  r e c o r d s  i n c l u d e  the  su rve y  

a l r e a d y  m en t ioned  i n  Loch Cre ran  ( T e t t ,  D r y s d a le  and Shaw, 1981)  

and T e t t ' s  (1969)  PhD t h e s i s  r e l a t i n g  t o  the  F i r t h  of  C lyde .  For  

th e  l a t t e r  samples  w ere  t r e a t e d  by a method s i m i l a r  to  t h a t  

d e s c r i b e d  h e r e  e x c e p t  t h a t  m i c r o s c o p i c  a n a l y s i s  was made i n  a 

Bogorov t r a y .

Res t  o f  t h e  B r i t i s h  I s l e s

No o t h e r  a r e a  of  B r i t a i n  p r o v id e s  an  env i ronm en t  e q u i v a l e n t  

to  t h a t  of  t h e  S c o t t i s h  s e a - l o c h s . However ,  w i t h  r e g a r d  t o  the  

s p e c i e s  p r e s e n t  ( i f  no t  t h e  t im in g  o f  t h e i r  o c c u r r e n c e )  they  

p ro v id e  an i n t e r e s t i n g  c om pa r i son .  Many of  the  su rv e y s  c a r r i e d  

ou t  around t h e  B r i t i s h  I s l e s  have been  dependen t  on n e t  

c o l l e c t i o n s .  Of t h e s e  pe rhaps  t h e  most  n o t a b l e  in  s c a l e  a r e  

t h o s e  of  the  c o n t i n u o u s  p l a n k t o n  r e c o r d e r  s u r v e y .  Of t h e i r  l a r g e  

volume o f  p u b l i c a t i o n s  only two w i l l  be r e f e r r e d  t o  h e r e ,  t h o s e  

of Robinson (1965 and 1983)  which d e s c r i b e  on ly  C e ra t ium  spp .  

Dodge and E a r t - J o n e s  (1974 & 1977)  were  con c e rn e d  w i t h

d i n o f l a g e l l a t e  s u c ^ s s i o n  i n  t h e  Nor th  s e a .  F i n a l l y ,  of  t h o s e  

su rveys  employing  n e t  s ampl in g  t h e r e  i s  t h e  r e c e n t  i n v e s t i g a t i o n  

of  Horwood e t  a l .  ( 1 9 8 2 ) ,  a g a i n  i n  t h e  Nor th  s e a .
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Lebour (1917)  c o l l e c t e d  samples  f o r  a y e a r  o f f  Plymouth and 

used a c e n t r i f u g a t i o n  t e c h n i q u e  f o r  c o n c e n t r a t i o n  o f  c e l l s .  

Sykes (1969 PhD t h e s i s ,  Aberys tw yth  U n i v e r s i t y )  sampled f o r  two 

y e a r s  i n  C a rd igan  Bay. More r e c e n t l y  work i n  t h e  Western  E n g l i s h  

Channel  from 1964-1976 has  been  d e s c r i b e d  i n  pa pe rs  by H o l l i g a n  

and Harbour  (1977)  and Maddock £l_. ( 1 9 8 1 ) .  Both s e t s  of  d a t a

c o l l e c t e d  by the  Plymouth l a b o r a t o r y  u t i l i z e d  a s e d i m e n t a t i o n  

t e c h n i q u e .  H o l l i g a n ,  Maddock and Dodge (1980)  d e s c r i b e d  t h e  

d i s t r i b u t i o n  o f  d i n o f l a g e l l a t e s  a ro und  t h e  B r i t i s h  I s l e s  and 

c o n s id e r e d  t h a t  t h e  p a t t e r n s  obse rved  i n  d i f f e r e n t  a r e a s  (w i th  

d i f f e r e n t  w a t e r  column s t r u c t u r e s )  cou ld  be ana logous  to  a 

s e a s o n a l  s u c c e s s i o n .

O the r  a r e a s

Seasona l  o b s e r v a t i o n s  of  p h y t o p la n k to n  s u c c e s s i o n  have  

p robab ly  been  c a r r i e d  o u t  in  most  a r e a s  of  t h e  w o r l d .  However ,  

f o r  t h e  pu rp o se s  of  t h i s  s tu d y  t h e  Norwegian f j o r d s  were  

c o n s i d e r e d  t h e  most  a p p r o p r i a t e  f o r  co m p a r i s o n .  Much work h a s  

been c a r r i e d  o u t  on p h y t o p la n k to n  i n  t h e  f j o r d s  n o t a b l y  by 

B r a a ru d ,  Foyn and Has le  (1958)  i n  D ra m sf jo rd ;  Braa rud  and o t h e r s  

(1974 and 1976)  i n  H a r d a h g e r f j o r d  and Sakshaug (1972)  and 

Sakshaug and M ykles tad  (1973)  i n  T r o n d h e i m s f j o r d .

METHODS

Sampling

Dur ing 1982,  from t h e  end o f  A p r i l  t o  t h e  end o f  Sep tem ber ,  

w a t e r  samples  w e re  c o l l e c t e d  from B a r c a l d i n e  P i e r  ( F i g .  4 . 3 ) .  

Over the  w i n t e r  1982/83 samples  were  c o l l e c t e d  m on th ly  a t  the  

same p l a c e .  From t h e  b e g i n n i n g  o f  A p r i l  1983 u n t i l  t h e  b e g i n n i n g  

of  November 1983 samples  were a g a i n  c o l l e c t e d  w e e k l y .  Dur ing  

t h i s  t ime samples  were  c o l l e c t e d  a l t e r n a t e l y  a t  B a r c a l d i n e  P i e r
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and S t a t i o n  C5 ( F i g .  4 . 3 ) .  At S t a t i o n  C5 where the  d e p th  a t  

low w a t e r  i s  20m a f u l l  w a t e r  column p r o f i l e  was worked  

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

a t  a number of  d e p th s  dependen t  on w a t e r  column s t r u c t u r e ,  as 

d e s c r i b e d  i n  Chap te r  2 .  These p a ra m e t e r s  were  a l s o  d e t e r m i n e d  on 

th e  1982 samples  from B a r c a l d i n e  p i e r  a s  p a r t  of  t h e  S .M .B .A . ' s  

r o u t i n e  m o n i t p r i n g  programme. Al though  th e  d e p th  of  w a t e r  was 5m 

a t  low t i d e ,  the  samples  f o r  c oun ts  were  u s u a l l y  t a k e n  from 2m. 

Th is  w i l l  n o t  a lways r e f l e c t  t h e  maximum abundance of c e l l s  b u t  a 

comprcxnise was needed because  of  the  n e c e s s i t y  o f  sam pl in g  from 

the  p i e r .  I t  was f e l t  t h a t  i n  Loch C r e r a n ,  2m was a s u i t a b l e  

dep th  b e c a u s e  i t  would  be be low any s t r o n g l y  b r a c k i s h  l a y e r  bu t  

w i t h i n  t h e  e u p h o t i c  zone d e s c r i b e d  by T e t t  and W a l l i s  (1978)  

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

During 1983 e x t r a  samples  were  t ak e n  a t  two p a r t i c u l a r l y  

i n t e r e s t i n g  t im e s  of  the  y e a r .  The f i r s t  was when Gonyaulax 

t a m a r e n s i s  was p r e s e n t  in  Loch C r e r a n ,  and be c a u s e  of  the  

p o s s i b l e  t o x i c  e f f e c t s  o f  t h i s  a l g a  a f u l l  s u r v e y  of  t h e  l och  was 

c a r r i e d  o u t  on t h e  19th  o f  May ( F i g .  4 . 3 )  and an  e x t r a  s t a t i o n  

was worked a t  Creagan b r i d g e  th e  f o l l o w i n g  week (2 4 th  May).  

During t h e  autumn bloom o f  Gonyaulax p o l y e d r a , samples  w e re  

c o l l e c t e d  and c oun te d  from more than  one d e p th  to  g e t  some 

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

t h ro u g h o u t  the  w a t e r  column.

Comparison o f  c o u n t s  o f  l i v e  and p r e s e r v e d  samples

As m e n t io n e d  i n  C hap te r  2 Counts were  made of  l i v i n g  samples  

as  f r e q u e n t l y  as  p o s s i b l e  to  e s t i m a t e  t h e  number and v a r i e t y  of 

naked s p e c i e s .  The c oun ts  of  l i v i n g  and p r e s e r v e d  samples  f o r  

armoured d i n o f l a g e l l a t e s  were  a p p a r e n t l y  s i m i l a r .  S t a t i s t i c a l  

t e s t s  were c a r r i e d  o u t  to  a s s e s s  t h e  compar isons  o b j e c t i v e l y .  

For  each sample f o r  which l i v e  and p r e s e r v e d  co u n t s  had been 

made, t h e  d i f f e r e n c e  be tween  t h e s e  co u n t s  was c a l c u l a t e d  f o r  

' t o t a l  armoured d i n o f l a g e l l a t e s ' .  A mean difference ~ was
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c a l c u l a t e d  f o r  1982 and a l s o  f o r  1983.  The s t a n d a r d  e r r o r  o f  the  

mean d i f f e r e n c e  was c a l c u l a t e d  f o r  1982 and 1983 samples  

s e p a r a t e l y .  From t h i s  t h e  t - v a l u e  o f  the  mean d i f f e r e n c e  was 

c a l c u l a t e d .  For  1982 t h i s  v a lu e  im p l i e d  t h a t  the  d i f f e r e n c e  

between l i v e  and p r e s e r v e d  c oun ts  was no t  s i g n i f i c a n t .  However ,  

the  t - v a l u e  f o r  1983 shows the  d i f f e r e n c e  be tw een  t h e  c oun ts  was 

s i g n i f i c a n t  (0 .05  < p > 0 . 0 2 ) .  I n  bo th  y e a r s  the  co u n t s  from t h e  

l i v e  samples  were  lower t han  t h o s e  of  the  p r e s e r v e d  sam ple ,  t h i s  

d i f f e r e n c e  was p robab ly  h i g h l i g h t e d  i n  1983 b e c a u s e  of  t h e  

g r e a t e r  abundance of  d i n o f l a g e l l a t e s  i n  t h a t  y e a r .  As the  l i v e  

samples  swim a ro u n d ,  the  p r e s e r v e d  sample c oun ts  were  c o n s i d e r e d  

more a c c u r a t e  and i t  was d e c id e d  t h a t  f o r  the  pu rposes  of 

s e a s o n a l  d e s c r i p t i o n  o f  the  armoured d i n o f l a g e l l a t e s  the  c oun ts  

from t h e  p r e s e r v e d  m a t e r i a l  were s u f f i c i e n t .  So th e  l i v i n g  

coun ts  were used  o n ly  t o  p r o v id e  numbers of  naked s p e c i e s .

RESULTS

T a b les  4 . 1  -  4 . 6  a r e  g iven  a t  the  end o f  the  c h a p t e r

1982

A l i s t  of  m o t i l e  t h e c a t e  d i n o f l a g e l l a t e  s p e c i e s  and t h e i r  

o c c u r r e n c e  a s  coun ted  i n  p r e s e r v e d  samples  i s  g iv e n  i n  Table  

4 . 1 .  Tab le  4 . 2  shows numbers and o c c u r r e n c e s  of  some o t h e r  

o r g a n i s m s .  The r e a s o n i n g  beh in d  t h e  u s e  of  + and ++ symbols i s  

g iven  i n  Chap te r  2 .  Graphs a r e  g iv en  o f  t o t a l  numbers  of  

armoured and naked d i n o f l a g e l l a t e s  ( F i g .  4 . 4 ) ,  of  dominan t  

s p e c i e s  ( F i g s .  4 . 5  -  4 . 7 ) ,  and o f  t o t a l  numbers of

P r o t o p e r i d i n i u m  s p p . ,  C e ra t iu m  s p p .  and D inop h y s i s  s p p .  s i n c e  no 

s p e c i e s  were i n d i v i d u a l l y  n u m e r i c a l l y  i m p o r t a n t  in  t h e s e  groups  

( F i g s .  4 . 8  -  4 . 1 0 ) .  C h l o r o p h y l l  v a l u e s  a r e  g raphed  i n  F i g u r e

4 . 1 1 .  F u l l  t e m p e r a t u r e ,  s a l i n i t y  and c h l o r o p h y l l  d a t a  a r e  

c o n t a i n e d  w i t h i n  S.M.B.A. i n t e r n a l  r e p o r t  n o .  114 (L ew is ,  1 9 8 3 ) .  

Tem pera tu re  and s a l i n i t y  as  measured  a t  2m i s  g iv en  i n  F i g u r e

4 . 1 2 .
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During 1982 th e  f i r s t  maximum o f  d i n o f l a g e l l a t e  numbers was 

in  e a r l y  June b u t  by th e  b e g in n in g  o f  J u ly  numbers had d im in ish e d  

a l th o u g h  th e y  g r a d u a l l y  i n c r e a s e d  t o  a second  maximum in  e a r l y  

Sep tem ber. Numbers had f a l l e n  to  t h e i r  low w i n t e r  v a lu e s  by 

e a r l y  O ctober  ( F ig .  4 . 4 ) .  The changes i n  numbers o f  naked 

d i n o f l a g e l l a t e s  a p p e a re d  t o  fo l lo w  t h o s e  of th e  arm oured s p e c i e s  

( t a k in g  i n t o  acco u n t  gaps when no coun ts  w ere  m a d e ) .  The 

fo l lo w in g  a c c o u n t  i s  concerned  on ly  w i th  th e  arm oured fo rm s .

The f i r s t  maximum o f  d i n o f l a g e l l a t e  numbers (13 ,600  c e l l s  per 

1) was l a r g e l y  composed o f  S c r i p p s i e l l a  sp p .  (12 ,400  c e l l s  per 

1 ) .  The bloom o f  S c r i p p s i e l l a  sp p .  o c c u r r e d  j u s t  a f t e r  an 

i n c r e a s e  in  t e m p e ra tu re  of the  s u r f a c e  w a te r  (maximum 14*C) and 

i n c r e a s i n g  s a l i n i t i e s  (from  31.2%, on June 1 s t  to  33.4%»on June 

2 9 th )  as m easu red  a t  B a r c a ld in e  P i e r .  These w ere  due to  f i n e  

w e a th e r .  A f t e r  t h e i r  i n i t i a l  h igh  numbers i n  J u n e ,  S c r i p p s i e l l a  

spp . p e r s i s t e d  th ro u g h o u t  th e  summer u n t i l  th e  end o f  August 

( F ig .  4 . 5 ) .  They were the  m ost commonly o c c u r in g  d i n o f l a g e l l a t e s  

d u r in g  1982. At the  end o f  J u ly  and d u r in g  August 

P r o to p e r id in iu m  s p p .  and H e te ro c a p s a  t r i q u e t r a  w ere  seen  more 

commonly.

At th e  b e g in n in g  o f  Septem ber (max. n o s .  13 ,800  c e l l s  per 

1 ) ,  and d u r in g  th e  second peak  o f  numbers a s u c c e s s io n  o f  s p e c i e s  

was s e e n .  T h is  s t a r t e d  w i th  S c r i p p s i e l l a  sp p .  which d i s a p p e a r e d  

tow ards the  end o f  August and was im m ed ia te ly  fo l lo w e d  by a peak 

in  numbers of Gonyaulax p o ly e d ra  ( F ig .  4 . 6 )  (max. 7 ,800  c e l l s  per 

1) a t  the  end o f  August /  b e g in n in g  o f  S ep tem ber .  T h is  maximum 

a l s o  com prised  P ro ro c e n tru m  m icans  (3 ,100  c e l l s  per  1 )  ( F ig .  

4 . 7 ) ;  P r o to p e r id in iu m  sp p .  (900 c e l l s  p e r  1 )  ( F i g .  4 . 9 )  and 

C era tium  sp p .  (400 c e l l s  p e r  1 )  ( F i g .  4 . 8 ) .  Of t h e s e  P. m icans  

p e r s i s t e d  u n t i l  t h e  end o f  S ep tem ber .  As r e g a r d s  th e  

h y d ro g ra p h ic  s i t u a t i o n ,  th e  h ig h  te m p e ra tu re s  (max. 1 6 .4"C , m in . 

1 3 . 3 * 0  and S a l i n i t i e s  c lo s e  to  th o s e  o f  F i r t h  o f  L om e s e a w a te r
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Figure 4 . 4 :  Total  Numbers Dinoflagellates,  1962
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Figure 4.5: Numbers of S c r ipps ie l la  spp., 1982
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Figure 4 .6:  Numbers of Gonvauiax Poivedra. 1982
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Figure 4.7: Numbers of Prorocentrum micans. 1982
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Figure 4 .8 :  Numbers of Cerafium spp., 1982
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Figure  4 .9 :  Numbers of Protoperidinium spp., 1982

50* s.e. =

4  O'

3 0 -

t i m e

Figure  4.18: Numbers of Protoperidinium spp., 1983

s.e. =

30-

+ + - “
+ " i n . ,

T I M E



— 90 —

I
5-0"

40

30

+♦♦

Figure 4.10: Numbers of Dinoohvsis spp., 1982
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F ig u r e  4 .1 2  : T em pera tu re  and  s a l i n i t y  a t  2m, a t  B a r c a ld in e  P i e r ,  1982
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F i g u r e  4 .2 1  : T em pera tu re  and  S a l i n i t y  a t  2m, a t  C5, 1983
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(max. 33%e;min. 31.2%^ p e r s i s t e d  th ro u g h o u t  J u ly  u n t i l  th e  m id d le  

of August a f t e r  w hich th e  s a l i n i t y  began to  d ro p  due to  i n c r e a s e d  

r a i n f a l l .  T h is  d e c re a s e  was m ost m arked betw een th e  24 th  and 

3 1 s t  o f  August when t h e r e  was a d rop  i n  s u r f a c e  s a l i n i t y  of 

a lm o s t  11%,. T h is  c o in c id e s  w i th  a d ro p  in  numbers of a l l  s p e c i e s  

e x c ep t  G. p o ly e d ra  which was abundan t  f o r  the  f i r s t  t im e .  By th e  

tim e of  th e  autumn maximum in  d i n o f l a g e l l a t e  numbers th e  s a l i n i t y  

was 29.4%*and th e  t e m p e ra tu re  was 12.8*C.

Of o th e r  d i n o f l a g e l l a t e s  e n c o u n te re d  D in o p h y s is  sp p .  were

p r e s e n t  f o r  m ost of th e  y e a r  a l th o u g h  n e v e r  more than  400 c e l l s

pe r  l i t r e .  The m ost abundant s p e c i e s  o f  t h i s  group was 

D in o p h y s is  a c u m in a ta . The m ost f r e q u e n t l y  o c c u r in g  and th e  m ost 

abundan t  of  th e  P r o to p e r id in iu m  s p e c i e s  was P. b i p e s  r e a c h in g  a 

maximum o f  1 ,300  c e l l s  per  l i t r e  in  m id -A u g u s t .  P .  b r e v i p e s  a l s o  

o c c u r r e d  r e g u l a r l y .  O ther  common s p e c i e s  w ere  P. ovatum d u r in g  

J u ly  and August and P. c e r a s u s  d u r in g  Septem ber and O c to b e r .  Of 

th e  C e ra tium  s p e c i e s  C. fu su s  and C. l in e a tu m  were the  m ost 

im p o r ta n t  in  1982.

T i n t i n n i d s  w ere  p r e s e n t  th ro u g h o u t  m ost o f  th e  y e a r ,  h a v in g  

maximum numbers a round  th e  m id d le  of May, th e  b e g in n in g  /  m id d le  

of  J u ly  and a t  th e  b e g in n in g  o f  S ep tem ber. From o b s e r v a t io n  o f

sam ples t h e s e  peaks would  seem t o  be r e l a t e d  t o  th e  p re s e n c e  of

o r g a n ic  d e b r i s .

1983

A l i s t  o f  m o t i l e  t h e c a t e  d i n o f l a g e l l a t e  s p e c i e s  and t h e i r  

o c c u r r e n c e  i s  g iv e n  i n  Table  4 . 3 .  T ab le  4 . 4  c o v e rs  o th e r  

o rg a n is m s .  T ab le  4 . 5  g iv e s  abundances  d u r in g  th e  Gonyaulax 

ta m a re n s i s  bloom and T ab le  4 . 6  shows the  d i s t r i b u t i o n  o f  c e l l s ,  

w i th  d e p th ,  d u r in g  t h e  Gonyaulax: p o ly e d ra  bloom. T o ta l  numbers 

of t h e c a t e  and Tiaked m o t i l e  d i n o f l a g e l l a t e s  a r e  g raphed  i n  F ig u re  

4 .1 3 .  Abundant s p e c i e s  ( S c r i p p s i e l l a  s p p . ,  G. p o l y e d r a .
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P ro ro c e n tru m  m icans and C era tium  f u r c a ) a r e  g raphed  s e p a r a t e l y  

( F ig s .  4 .1 4  -  4 . 1 7 ) .  F ig u re s  4 .1 8  and 4 .1 9  a r e  g raphs  of

P r o to p e r id in iu m  sp p .  and D in o p h y s is  s p p . ,  g roups w here  no s p e c i e s  

was n u m e r i c a l ly  im p o r t a n t .  F ig u re  4 .2 0  g iv e s  th e  c h lo r o p h y l l  

d a ta  f o r  C5 a t  2m (o r  the  n e a r e s t  sample d e p th  to  t h i s  when 2m 

was n o t  s a m p le d ) .  F u l l  d e t a i l s  of t e m p e r a tu r e ,  s a l i n i t y  and 

c h lo r o p h y l l  d a t a  c o l l e c t e d  a r e  g iven  i n  S.M.B.A. i n t e r n a l  r e p o r t  

number 114 (L ew is ,  1 9 8 3 ) .  T em p era tu re s  and s a l i n i t i e s  a s  

m easu red  a t  2m a t  C5 a r e  g iven  i n  F ig u re  4 .2 1 .

On th e  w hole  1983 had a g r e a t e r  d i n o f l a g e l l a t e  p o p u la t io n

th an  1982. C h lo ro p h y l l  c o n c e n t r a t i o n s  w ere  s i m i l a r  to  th o s e  in  

1982 i f  a l i t t l e  h ig h e r  d u r in g  June and J u ly  (which was u n u s u a l ly  

low in  1 9 8 2 ) .  When th e  graph  o f  t o t a l  d i n o f l a g e l l a t e  numbers

( F ig .  4 .1 3 )  i s  compared t o  t h a t  f o r  c h lo r o p h y l l  ( F ig .  4 .2 0 )  i t  i s  

c l e a r  t h a t  th e  b iom ass  of th e  A p r i l  p h y to p la n k to n  bloom must be 

m a in ly  composed o f  o t h e r  a l g a l  s p e c i e s .  There  was a d ro p  in  

c h lo r o p h y l l  c o n c e n t r a t i o n s  d u r in g  May when th e  f i r s t  peak o f  

d i n o f l a g e l l a t e  numbers o c c u r r e d .  As m ost o f  t h e s e  e a r l y  

d i n o f l a g e l l a t e s  w ere  p igm ented t h i s  c o u ld  im ply  t h a t  amounts of 

o t h e r  p h y t o p la n k te r s  m ig h t  have d ropped  a t  t h i s  t im e .

The i n i t i a l  p o s t - s p r i n g  maximum in  d i n o f l a g e l l a t e  numbers 

o c c u r r e d  i n  May. Numbers dropped  a t  th e  b e g in n in g  o f  June  then  

in c r e a s e d  a l i t t l e  to  rem ain  f a i r l y  s t a b l e  over  th e  r e s t  o f  June 

and J u ly  u n t i l  th e  second peak o f  numbers i n  th e  m id d le  of 

A u g u s t .  T h is  p e r s i s t e d  th ro u g h  Septem ber and g r a d u a l ly  t a i l e d  o f f  

i n  O c tobe r  a l th o u g h  numbers had  n o t  d ropped  t o  t h e i r  p re v io u s  

1982/83 w i n t e r  l e v e l s  u n t i l  th e  b e g in n in g  o f  November.

Numbers o f  naked s p e c i e s  seemed t o  r e f l e c t  th e  t r e n d s  shown 

by th e  arm oured d i n o f l a g e l l a t e s .  T here  seemed t o  be  no c l e a r

t r e n d s  i n  t h e  d i v e r s i t y  o f  naked  s p e c i e s  b u t  t h i s  i s  p ro b ab ly  a 

r e s u l t  o f  t h e  d i f f i c u l t i e s  i n  i d e n t i f i c a t i o n .
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S c r i p p s i e l l a  sp p .  (max. 15 ,500 c e l l s  pe r  1) dom inated  i n  May 

when t h e r e  was a peak i n  t o t a l  d in o f  l a g e l l a t e  numbers (max. 

47 ,500  c e l l s  p e r  1 ) ,  which a l s o  in c lu d e d  Gonyaulax t a m a re n s is

(max. 14 ,600  c e l l s  p e r  1 ) ;  G lenodin ium  sp p .  (max. 5 ,700  c e l l s  per 

1 ) ;  Gonyaulax s p i n i f e r a  (max. 5 ,200  c e l l s  per  1) and H e te ro c a p sa  

t r i q u e t r a  (max. 3 ,700  c e l l s  per  1 ) .  At the  tim e th e  s u r f a c e  

s a l i n i t i e s  w ere  c lo s e  to  th o s e  o f  F i r t h  of Lom e s e a w a te r  (32.3%e 

a t  2m) and t e m p e r a tu r e s  of around 8 .5 * 0 .  There had been some 

s a l i n i t y  s t r a t i f i c a t i o n  o f  th e  w a te r  column d u r in g  A p r i l  b u t  t h i s  

gave way to  a mixed s i t u a t i o n  by th e  b e g in n in g  o f  May. The w a te r  

column showed some s t r a t i f i c a t i o n  a t  th e  tim e of maximum 

d i n o f l a g e l l a t e  numbers and c h lo r o p h y l l  v a lu e s  showed a peak a t  

a round  6m. A f t e r  th e  peak o f  numbers i n  th e  m id d le  of May t h e r e  

was a s h a rp  d ro p  to  th e  b e g in n in g  o f  J u n e ,  accom panied by a 

b e t t e r  m ixed w a te r  colum n. The i n c r e a s e d  d i n o f l a g e l l a t e

p o p u l a t i o n  d u r in g  June and J u ly  c o n t in u e d  t o  be dom ina ted  by 

S c r i p p s i e l l a  s p p .  The w a te r  column showed a m odera te

s t r a t i f i c a t i o n  d u r in g  t h i s  p e r i o d .

As i n  1982 t h e r e  was a s u c c e s s io n  o f  s p e c i e s  d u r in g  th e  

autumn bloom . T h is  s t a r t e d  w i th  Gonyaulax p o ly e d ra  (max. n o s .  

98 ,400  c e l l s  pe r  1 a t  2m) a t  th e  end o f  August j u s t  as th e

S c r i p p s i e l l a  sp p .  d ropped  i n  num bers . I t  was fo l lo w e d  by 

P ro ro c e n t ru m  m icans  (max. n o s .  9 ,800  c e l l s  p e r  1 )  d u r in g  th e  

m id d le  of Septem ber and f i n a l l y  C era tium  f u r c a  (max. n o s .  15 ,400 

c e l l s  pe r  1) became abu n d an t  a t  th e  end o f  Septem ber /  b e g in n in g

of O c to b e r .  The G. p o ly e d ra  bloom o c c u r r e d  i n  a w a te r  column

s t r a t i f i e d  w i t h  r e g a r d  t o  s a l i n i t y .  The s a l i n i t y  had been 

s l i g h t l y  r e d u c e d  i n  th e  s u r f a c e  l a y e r s  (down t o  abou t 5m) from 

th e  t y p i c a l  v a lu e s  th ro u g h o u t  J u ly  and August (32 .6% «at 2m t o

3 2 .2% .a t  2m). D e s p i te  p o s s i b l e  m ix in g  d u r in g  Septem ber /  O ctober

due to  h ig h  winds th e  heavy r a i n f a l l  c au sed  t h e  s a l i n i t y

s t r a t i f i c a t i o n  t o  s t r e n g t h e n  and  deepen u n t i l  th e  l a s t  sam pling  

d a te  a t  th e  end o f  O c to b e r .  A s tu d y  by Dr R.C .T. R a ine  on th e  

d e c r e a s e  o f  p h y to p la n k to n  i n  Lpch C re ran  i n  Septem ber to  December
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of 1983 showed t h a t  th e  l a r g e  armoured d i n o f l a g e l l a t e s  ( e . g .  

C e ra tiu m  s p p . )  p e r s i s t e d  u n t i l  mid-November. A f t e r  t h i s  t h e r e  

was an  i n c r e a s e  in  sm a ll  arm oured and naked form s b u t  a f t e r  the  

b e g in n in g  o f  December th e  numbers of d i n o f l a g e l l a t e s  w ere  low 

(R aine  and T e t t ,  1 9 8 4 ) .

Of th e  o th e r  m o t i l e  d i n o f l a g e l l a t e s  e n c o u n te re d  

P r o to p e r id i n iu m  s p p .  were p r e s e n t  in  t h e i r  g r e a t e s t  numbers and 

d i v e r s i t y  d u r in g  th e  p o s t - s p r i n g  and autumn b loom s. They were 

a l s o  p r e s e n t  in  low er  numbers d u r in g  June and J u l y .  Among th e  

s p e c i e s  p r e s e n t  P. b r e v i p e s  and P. b ip e s  were th e  m ost f r e q u e n t  

and t h e  m ost  a b u n d a n t ,  P .  b ip e s  h av in g  i t s  maximum numbers (1 ,000  

c e l l s  pe r  1) d u r in g  August and P. b r e v ip e s  in  Septem ber (12 ,000  

c e l l s  p e r  1 ) .  P .  ovatum o c c u r r e d  i n  low numbers th ro u g h o u t  the  

y e a r  and P. c e r a s u s  was a l s o  p r e s e n t  f a i r l y  f r e q u e n t l y  e s p e c i a l l y  

d u r in g  Septem ber -  O c to b e r .  D in o p h y s is  sp p .  were p r e s e n t  d u r in g  

th e  w hole  o f  th e  y e a r  b u t  a c h ie v e d  t h e i r  g r e a t e s t  numbers i n  l a t e  

A ugust  d u r in g  th e  autumn bloom. Of t h e s e  s p e c i e s  D. acum ina ta  

and D. n o r v é g ie n  were th e  m ost common.

T i n t i n n i d s  w ere  p r e s e n t  i n  th e  lo ch  th ro u g h o u t  1983 i n  

g r e a t e r  numbers th a n  i n  1982 (T a b le  4 . 4 ) .  T h e i r  g r e a t e s t  numbers 

o c c u r r e d  ( d u r in g  May) a t  th e  same tim e as  the  maximum abundances 

o f  d i n o f l a g e l l a t e s .  They were d i s t r i b u t e d  th ro u g h o u t  th e  l o c h ,  

t h e i r  numbers b e in g  lo w e s t  i n  th e  u p p e r  lo c h  (T ab le  4 . 5 ) .  Some 

t i n t i n n i d  c y s t s  w ere  n o te d  i n  th e  sam ples s h o r t l y  a f t e r  t h i s  

t i m e .

The May bloom o f  d i n o f l a g e l l a t e s  d u r in g  1983 was n o t a b l e  f o r  

th e  p r e s e n c e  o f  Gonyaulax t a m a re n s i s  » A Survey o f  th e  loch  was 

c a r r i e d  o u t  to  a s c e r t a i n  i t s  d i s t r i b u t i o h  (T ab le  4 . 5 ) .  On th e  

sam p lin g  day t h e r e  a p p e a re d  t o  be  m o d e ra te  s t r a t i f i c a t i o n  

th ro u g h o u t  th e  l o c h .  The u p p e r  l o c h  a l s o  had a s t r o n g l y  b r a c k i s h  

s u r f a c e  l a y e r .  The abundance  of t h e c a t e  s p e c i e s  th ro u g h o u t  th e  

main b a s i n  o f  th e  lo c h  was f a i r l y  even i n  th e  sam ples from 2m.



The u p p e r  lo c h  c o n ta lu e d  much gnnealteir nnuunûœiræ asÆ O n n ü i n r m  s p p .  

(39 ,8 0 0  c e l l s  p e r  1 a g a i n s t  15,2®® c e l læ  pear IL alt (Cnmaggmm Brarii<ige]) 

and s l i g h t l y  g r e a t e r  numbers o f  (E, framBBTrff-m.gRTis.  ïï..-n]k<y> .«sitaifiifmm 3 a  

th e  u p p e r  lo c h  c o n ta in e d  few  ProtoipeiriLcBiLnnTiinnti æ p g p -

The d i s t r i b u t i o n  o f  c e l l s  w i t h  Æepth waæ nnsaauuirmcfl tflipirTÎTing t h e  

G onyaulax p o ly e d r a  bloom i n  Septomheir ((TTaflDlœ 4-®))- Saliiimilty was 

r ed u c e d  down t o  a b o u t  4m on  t h e  two occaæianiiæ sangüLeBfl ((F ig s .  4i-.22 

— 4 .2 3 )  and t h i s  s t r a t i f i c a t i o n  pmAmga aifrfonniintf-g! foir t h e  

c h lo r o p h y l l  maximum a t  a h o n t  46an» f f î s s t t  ghnnifnnagmnM-HnHpjff <r

d i n o f l a g e l l a t e s  had  g r e a t e s t  mumhers alt t h i s  dh^Dth ((&Dnr emanapille 

G. p o l y e d r a ; F i g s .  4 .2 4  — 4«25))- IWcmi— ir

d i n o f l a g e l l a t e s  showed a  f a i r l y  scatttteireâ c io L S ttir a h u ttm m i Ohmnjpg^bxuit: 

t h e  w a t e r  column ( f o r  example FrottopEtrifflrimiuim LfargsroigoaEs;; TFtig ^ - 

4 .2 4  — 4 . 2 5 ) .  D i f f e r e n t  a@@im w as  t h e  dfe\«KftTnfthirfHifïïTn agg

S c r i p p s i e l l a  s p p .  w hich w ere  m o s t  sSxnmSamtt: im t h e  aamffiaDe Hégÿetrs  

( F i g s .  4 .2 4  -  4 . 2 5 ) .

1982

The f i r s t  peak  o f  d i n o f  l a g e l l a t e  mmdkeiia ((maHitilly ecmqpoaeÆ o f  

S c r i p p s i e l l a  s p p . )  o c c u r r e d  a f t e r  same watmmmg eff t h e  w a t e r  

co lum n. From work hy  W all e t  a l * (197®)» USale ((l$77h & 197®) and 

t h i s  t h e s i s  (C h a p te r  5 )  i t  i s  p ro h a h ly  f s & r  t o  s a y  t h a t  t h e  

S c r i p p s i e l l a  p o p u l a t i o n  d e r i v e d  f rom  c e l l s  e x c ^ s t e d  f ro m  r e s t i n g  

c y s t s  i n  t h e  s e d im e n ts .  I n  t h e  l a h o r a t o r y  am i n c r e a s e  im

te m p e r a tu r e  i s  f r e q u e n t l y  u sed  t o  i m i t i a t t e  excystm em t a l t h o m ^

t h i s  does  n o t  a p p e a r  t o  b e  a  n e c e s s i t y  (B in d e r  a n d  #mders@m, 

1 9 8 3 ) .  I t  i s  p o s s i b l e  t h e r e f o r e  t h a t  t h e  i n c r e a s i n g  t e m p e r a t u r e s  

d u r in g  May a l lo w e d  e x c y s tm en t  o f  a  s u i t a b l e  in o cu lu m  f o r  t h e

w a t e r  co lum n. Some c y s t s  w e re  p r e s e n t  i n  tihe w a t e r  column a t

t h i s  t im e .  With t h e  i n i t i a l  p o p u l a t i o n  a v a i l a b l e *  i n c r e a s e s  i n  

c e l l  num bers w ou ld  o c c u r  when c o n d i t i o n s  w e re  s u i t a b l e  i . e .  when
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F i g u r e  4 .2 2  : T e m p era tu re ,  s a l i n i t y ,  and  c h lo r o p h y l l  

p r o f i l e  o f  s t a t i o n  C5 on 9 / 9 /8 3
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F i g u r e  4 .23  : T e m p e ra tu re ,  s a l i n i t y ,  and c h lo r o p h y l l  

p r o f i l e  o f  S t a t i o n  C5 on 1 4 /9 /8 3  
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Figure 4 .2 4 :  D is tr ibution  of cells with
depth, 9 / 9 / 8 3
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Figure 4.25: Distribution of cells with
depth, 14 /9 /8 3
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growth r a t e  exceeded  th e  sum o f  th e  r a t e  o f  f l u s h i n g  from th e  

loch  and th e  r a t e  of g r a z i n g .  So why th e  d e c l i n e  in  numbers a t  

the  end o f  August j u s t  when c o n d i t io n s  seem most s u i t a b l e  f o r  

o t h e r  d i n o f l a g e l l a t e s ?  Anderson e t  £ l .  (1983) o b se rv ed  t h a t

p o p u la t io n s  of Gonyaulax ta m a re n s is  can be s e v e r e ly  d e p le t e d  by 

e n c y s t_ m e n t . O b s e rv a t io n s  d u r in g  t h i s  s tudy  s u g g e s t  t h a t  c y s t s  

once formed s in k  r a p i d l y .  T ab le  4 .2  shows t h a t  c y s t  fo rm a t io n  was 

t a k i n g  p la c e  betw een  th e  end o f  Ju ly  and th e  m id d le  of A ugust ,  

thus  e n cy s tm en t  in  a d d i t i o n  to  g r a z in g  and f l u s h i n g  ma}^e amongst 

th e  r e a s o n s  f o r  th e  d e c l i n e  in  th e  S c r i p p s i e l l a  p o p u l a t i o n .

The autumn bloom o f  d i n o f l a g e l l a t e s  s t a r t s  w i t h  Gonyaulax 

p o l y e d r a , a c y s t - f o r m in g  d i n o f l a g e l l a t e . I t  a p p eared  d u r in g  June 

and J u ly  i n  sm all  numbers im p ly in g  t h a t  a l th o u g h  c y s t s  had 

h a tc h e d  c o n d i t i o n s  w ere  no t  s u i t a b l e  f o r  i t s  g row th . I t  f i r s t  

bloomed a t  t im es  of marked s t r a t i f i c a t i o n  due to  d e c re a s e d  

s u r f a c e  s a l i n i t i e s .  D ecreased  s a l i n i t y  o r  s t a b i l i s a t i o n  pe rhaps  

f a v o u r  i t s  g ro w th .  T h is  co u ld  be f o r  a number o f  r e a s o n s .  

D ec reased  s a l i n i t y  i n d i c a t e s  i n c r e a s e d  f r e s h w a t e r  e n t e r i n g  th e

lo c h ,  which p o s s ib l y  b r in g s  t e r r e s t r i a l l y  d e r iv e d  s u b s ta n c e s  w i th  

i t  a i d i n g  growth ( f o r  example humic m a t e r i a l s )  and m ig h t  a l s o  be 

a s s o c i a t e d  w i th  in c r e a s e d  exchange w i th  th e  se a  vAiich l e a d s  to  

i n c r e a s e d  n u t r i e n t  c o n c e n t r a t i o n s .  The d e c re a s e d  s a l i n i t y  a l s o

p ro b ab ly  i n d i c a t e s  i n c r e a s e d  t u r b i d i t y  and d e c re a s e d  l i g h t

p e n e t r a t i o n .  In  l a b o r a t o r y  e x p e r im e n ts  G. p o ly e d ra  has  been 

shown to  a d a p t  to  low  l i g h t  s i t u a t i o n s  ( P r e z e l i n  and Sweeney,

1 9 7 9 ) .

P ro ro c e n t ru m  m lcans fo llo w ed  on from Gonyaulax p o ly e d ra  in  

th e  autumn s u e c e s s i o n .  I t  a p p e a rs  to  be  p r e s e n t  i n  low numbers 

f o r  m ost of t h e  y e a r .  E x p e r im en ta l  work by B raa rud  and  R o ssav ik  

(1 9 5 1 ) ,  K ain  and Fogg ( I 9 6 0 ) ,  and Mahoney and M cLaughlin (1979) 

s u g g e s t  i t  has a  wide s a l i n i t y  t o l e r a n c e  (2 0 -4 0 % ,) .  The w ork o f  

B raa ru d  and R o ssav ik  (1 9 5 1 ) ,  S i l v a  (1 9 5 9 ) ,  and Kain and Fogg 

(1960) s u g g e s t s  an  o p t im a l  grow th a t  20 -24%  P. mi cans  a l s o  has
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wide t e m p e ra tu re  t o l e r a n c e s ,  th e  maximum growth r a t e  b e in g  found 

a t  t e m p e ra tu re s  above t h a t  n o rm a l ly  e n c o u n te re d  i n  th e  sea  (Kain 

& Fogg, 1 9 6 0 ) .  B arker  (1935) gave th e  optimum te m p e ra tu re  f o r  

i t s  growth to  be 25**C. The low ered  s a l i n i t y  and i n c r e a s e d  

t e m p e ra tu re  a t  t h i s  tim e of the  y e a r  p o s s ib ly  fa v o u r  i t s  g row th .

C era tiu m  sp p .  were a l s o  p r e s e n t  a t  t h i s  tim e o f  y e a r .  They 

were n o t  o b se rv e d  i n  th e  lo ch  e a r l i e r  i n  th e  y e a r  and a s  they  

p ro b a b ly  do n o t  have c y s t s  the  p o p u la t io n  p robab ly  o r i g i n a t e d  

from o u t s i d e  th e  l o c h .  There  i s  ev id en ce  f o r  th e  p re s e n c e  of 

C e ra t iu m  s p p .  o f f  th e  S c o t t i s h  w est  c o a s t  in  May, June  and J u ly  

(R ob inson , 1965; H o l l ig a n  ^  ^ . ,  1980) and i n  t h i s  s tudy  th e y

were found i n  th e  F i r t h  of Lom e in  J u ly  ( s e e  C hap te r  6 ) .

Of o t h e r  s p e c i e s  p r e s e n t  P r o to p e r id in iu m  s p p .  o c c u r r e d  i n  

t h e i r  g r e a t e s t  numbers d u r in g  J u l y ,  August and Sep tem ber.  

P r o to p e r id in iu m  spp . as a g roup  p o s s ib ly  show s e v e r a l  d i f f e r e n t  

s t r a t e g i e s .  C e r t a i n l y  many of them a re  c y s t  form ing  ( s e e  C hap te r  

8 ) ,  some a r e  p ro b ab ly  b ro u g h t  from o u t s i d e  th e  lo c h  ( f o r  example 

P r o to p e r id in iu m  dep ressum ) and y e t  o t h e r s  may be c o n s t a n t  members 

of th e  lo c h  p h y to p la n k to n  ( f o r  example P r o to p e r id in iu m  b i p e s ) . 

However, as  th ey  a r e  nev e r  p r e s e n t  in  l a r g e  numbers th e s e  

d i f f e r e n c e s  a r e  d i f f i c u l t  to  e s t a b l i s h  p r e c i s e l y .  D in o p h y s is  

sp p .  a p p e a re d  t o  be  p r e s e n t  th ro u g h o u t  m ost of th e  y e a r .

1983

The f i r s t  peak o f  d i n o f l a g e l l a t e  numbers i n  1983 o c c u r r e d  i n  

May, a month e a r l i e r  than  i n  1982 . T here  had been a g r a d u a l  

warming o f  th e  w a te r  column d u r in g  A p r i l  ^ h o u g h  n o t  as m arked a s  

th e  t e m p e ra tu re  i n c r e a s e  t h a t  p rec e d e d  th e  p o s t - s p r i n g  peak o f  

numbers i n  June  1982 (6 .9*C -  8 .4*C from A p r i l  t o  mid-May in  1983 

compared t o  9 .3 "C  -  14*C in  1982. T h is  1983 maximum o f  numbers 

was n o t  composed e x c l u s i v e l y  of S c r i p p s i e l l a  s p p .  A lthough  t h i s  

was th e  dom inan t group  of s p e c i e s ,  c o n s id e r a b l e  numbers o f  o t h e r
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d i n o f l a g e l l a t e s  w ere  a l s o  in v o lv e d ,  namely Gonyaulax t a m a r e n s i s , 

G lenodin ium  s p p . ,  Gonyaulax s p i n i f e r a , and H e te ro c a p sa  t r i q u e t r a . 

The r e a s o n s  f o r  th e  d i f f e r e n c e s  a r e  n o t  c l e a r .  The s a l i n i t i e s  in  

1983 were s l i g h t l y  h ig h e r  and th e  t e m p e ra tu re s  s l i g h t l y  lower 

th an  th e  1982 bloom. S c r i p p s i e l l a  s p p . ,  G. s p i n i f e r a , and 

p ro b ab ly  H. t r i q u e t r a  a r e  a l l  c y s t  form ing s p e c i e s .  C o n d i t io n s  

must have been  s u i t a b l e  fo r  excystm ent e a r l i e r  in  th e  y e a r  

a l th o u g h  te m p e ra tu re  w ould no t  ap p ear  im p o r ta n t  h e r e .  T here  i s  

e v id e n c e  t h a t  te m p e ra tu re  i n i t i a t i o n  may n o t  be a n e c e s s a r y  

c o r o l l o r y  to  e xcystm en t  ( s e e  C hap te r  8 ) .  Sane v a r i e t i e s  of 

G. t a m a r e n s i s  p a r t i c u l a r l y  r e c o rd e d  on th e  e a s t  c o a s t  of th e  

U n ited  S t a t e s  form c y s t s  ( e . g .  Anderson £ t  a l^ ., 1 9 8 2 ) .  However, 

c y s t s  o f  t h i s  type  have no t  been  found i n  Loch C re ran  . ( s e e  

C h a p te r  7 )  o r  i n  th e  ty p e  l o c a l i t y  (Tamar e s tu a r y ;  D a le ,  P e r s .  

comm.) and i t  would  seem t h a t  pe rhaps  some v a r i e t i e s  a r e  n o t  c y s t  

fo rm in g .  G. t a m a re n s is  has n o t  been rec o rd e d  i n  L. C re ra n  

p r e v i o u s ly  and a l th o u g h  t h i s  may be due to  m i s i d e n t i f i c a t i o n  i t  

would seem l i k e l y  t h a t  i t  has been  in t r o d u c e d  t o  th e  lo ch  by 

exchange w i th  th e  F i r t h  o f  L o m e .  C h a p te r  6 shows t h a t  i t  was 

p r e s e n t  i n  th e  F i r t h  of  Lom e l a t e r  i n  th e  y e a r .  L i t t l e  i s  known 

a b o u t  t h e  a lg a e  i d e n t i f i e d  h e r e  as G lenodin ium  s p p . ;  i t s  

i n c r e a s e d  numbers i n  t h e  upper  lo ch  may i n d i c a t e  an a b i l i t y  to  

e x p l o i t  low s a l i n i t y  c o n d i t i o n s .  T here  has been  some 

e x p e r im e n ta l  work on H. t r i q u e t r a  (B a rke r  1935, B raa rud  and 

Pappas 1951) t h a t  s u g g e s t s  i t  has a w ide s a l i n i t y  t o l e r a n c e  b u t  a 

low er te m p e ra tu re  optimum th a n  some o th e r  d i n o f l a g e l l a t e s .  The 

low er mean t e m p e ra tu re s  may have c o n t r i b u t e d  t o  th e  s u c c e s s  of 

t h i s  s p e c i e s  i n  1983. There  i s  a p a u c i t y  o f  e x p e r im e n ta l  

i n f o r m a t io n  on c o n d i t io n s  go v e rn ih g  th e  growth of o t h e r  s p e c i e s .  

O b v io u s ly  c o n d i t i o n s  w ere  more f a v o u r a b le  in  1983 than  i n  1982 as  

n o t  on ly  was t h e r e  a g r e a t e r  v a r i e t y  o f  s p e c i e s  p r e s e n t  e a r l i e r  

in  t h e  y e a r ,  th ey  were a l s o  p r e s e n t  in  g r e a t e r  abundance  th an  i n  

th e  p r e v io u s  y e a r  i
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F o llo w in g  t h i s  f i r s t  1983 maximum, numbers d e c re a s e d  i n  much 

th e  same way as i n  1982 a l th o u g h  a l i t t l e  e a r l i e r  th an  i n  t h a t

y e a r .  The t i n t i n n i d  p o p u la t io n  was g r e a t e r  i n  1983 a t  t h i s  time

and may have  c o n t r i b u t e d  t o  th e  d e c l i n e .  They were f r e q u e n t l y  

seen  to  ta k e  o r  c o n ta in  th e  s m a l le r  d i n o f l a g e l l a t e s .  Numbers of 

d i n o f l a g e l l a t e s  i n c r e a s e d  d u r in g  June and J u l y .  These i n c r e a s e d  

numbers w ere  m o s t ly  due to  S c r i p p s i e l l a  sp p .  b u t  as i n  1982 t h e i r  

numbers d e c re a s e d  d r a m a t i c a l l y  a t  the  end o f  August j u s t  b e f o r e  

th e  autumn bloom o f  o th e r  d i n o f l a g e l l a t e s .  As i n  1982 t h e r e  was 

some c y s t  f o rm a t io n ,  a l th o u g h  n o t  so marked a s  in  t h a t  y e a r .  The 

S c r i p p s i e l l a  s p p .  were p r e s e n t  m o s t ly  i n  th e  s u r f a c e  l a y e r s  of 

th e  w a te r  column (T ab le  4 . 6 )  and th e  r a p id  i n c r e a s e  in  f r e s h w a t e r  

e n t e r i n g  th e  lo ch  as shown by th e  d e c re a s e d  s a l i n i t i e s  (o f  1982 

and 1 9 8 3 ) ,  may have r e p r e s e n t e d  in c r e a s e d  f l u s h i n g  o f  th e s e  

l a y e r s ,  i n  w hich  c a s e  th ey  were p ro b ab ly  washed o u t  of th e  l o c h .

The s u c c e s s io n  o f  s p e c i e s  i n  t h e  autumn bloom o f  1983 was

more c l e a r l y  d e f in e d  th a n ,  a l th o u g h  s i m i l a r  t o ,  t h a t  of 1982. As 

in  1982 i t  s t a r t e d  w i th  Gonyaulax p o ly e d ra  which re a c h e d  much 

g r e a t e r  numbers i n  1983 than  i n  1982. The s l i g h t l y  h ig h e r  

t e m p e ra tu re s  i n  1983 may have c o n t r i b u t e d  t o  t h i s  i n c r e a s e d  

s u c c e s s ,  Meeson and Sweeney (1982) showed G. p o ly e d ra  to  have

improved growth up to  20 *0 . The fo rm a t io n  o f  G. p o ly e d r a  c y s t s  

was s u f f i c i e n t  d u r in g  1983 f o r  them t o  be  found i n  th e  w a te r  

column tow ards  th e  end o f  th e  bloom ( s e e  C hap te r  5 ) .

P ro ro c e n t ru m  m icans fo llo w ed  Gonyaulax p o ly e d ra  in  1983 as  

in  1982; P. m icans  was perhaps  fav o u re d  by th e  low er s a l i n i t i e s  

and h i g h e r  t e m p e ra tu re s  found a t  t h i s  t im e .  F i n a l l y  in  th e  autumn 

s u c c e s s io n  C era tium  f u rc a  became im p o r ta n t  a t  th e  end o f  

S ep tem b er .  T here  i s  some ev id e n c e  ( s e e  1982) t h a t  i t  may 

o r i g i n a t e  from o u t s i d e  the  l o c h . E x p e r im e n ta l  work on c u l t u r e s  

of C e ra tiu m  f u r c a  s u g g e s t s  f h a t  i t s  g row th r a t e  i s  s i m i l a r  to  

t h a t  o f  o t h e r  d i n o f l a g e l l a t e s  ( N d r d l i ,  1957; Meeson and Sweeney, 

1982; Sakshaug e t  a l . ,  1984) so i t s  l a t e  a p p e a ra n c e  in  th e  y e a r
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i s  n o t  due to  slow g ro w th .  C om parative  work betw een C era tium  

f u r c a  and Gonyaulax p o ly e d ra  a t  d i f f e r e n t  t e m p e ra tu re s  and 

i r r a d i a n c e s  by Meeson and Sweeney (1982) s u g g e s t s  t h a t  u n d e r  low 

l i g h t  c o n d i t i o n s  C. fu ca  can grow where G. po lyedra . does no t  

s u r v i v e .  N o r d l i  (1957) shows t h a t  C. f u r c a , C e ra t iu m  f u s u s , 

C e ra tium  t r i p o s  and C era tium  l in e a tu m  had o p t im a l  grow th  a t  low 

s a l i n i t i e s  ( 2 0 % ) .  A lthough t h e r e  a r e  many o th e r  complex f a c t o r s  

a t  work i n  th e  n a t u r a l  env ironm en t t h i s  e x p e r im e n ta l  e v id e n c e  

p e rh a p s  p ro v id e s  some c lu e s  to  th e  s u c c e s s  o f  C era tium  in  th e  

l a t e r  p a r t  of th e  y e a r  w i th  d e c re a s e d  l i g h t  and s a l i n i t y .  In  

1983 C era tiu m  rea c h e d  h i g h e r  numbers than  1982 presum ably  

i n d i c a t i n g  more s u i t a b l e  c o n d i t io n s  f o r  growth in  t h i s  y e a r .

P r o to p e r id in iu m  sp p .  were more abundan t d u r in g  1983 a l th o u g h  

n e v e r  r e a c h in g  l a r g e  num bers. C e r t a i n  s p e c i e s  seem t o  be  p r e s e n t  

m ost o f  th e  tim e (P .  b i p e s , P .  b r e v i p e s ) and p e rh ap s  t h e s e  a r e  

c o n s t a n t  members o f  th e  lo ch  p h y to p la n k to n  a l b e i t  in  v e ry  sm a l l  

numbers a t  c e r t a i n  t im es  of th e  y e a r .  O th e rs  a r e  known to  be 

c y s t  fo rm ing  (P . l e o n i s . P .  pentagonum) and o c c u r  s p o r a d i c a l l y  

th ro u g h o u t  th e  summer and autum n. F i n a l l y  some on ly  a p p e a r  

i r r e g u l a r l y  and p e rh ap s  o r i g i n a t e  from o u t s i d e  th e  lo ch  

(P . d e p re s su m ) .

D in o p h y s is  sp p .  were a g a in  p r e s e n t  th ro u g h o u t  m ost o f  th e  

y e a r ,  and c e t a i n  s p e c i e s  (D. a c u m in a ta ) co u ld  p e rhaps  be r e g a rd e d  

as r e s i d e n t  members o f  th e  Loch C re ran  p h y to p la n k to n .  They 

a c h ie v e d  t h e i r  maximum numbers d u r in g  th e  autumn bloom a s s o c i a t e d  

w i th  Gonyaulax p o l y e d r a .

The v e r t i c a l  d i s t r i b u t i o n  o f  d i n o f l a g e l l a t e s  i s  i n t e r e s t i n g  

(F ig s  4 .2 4  -  4 . 2 5 ) .  The p h o to s y n th e t i c  d i n o f l a g e l l a t e s

c o n c e n t r a t e d  a b o u t  th e  h a l o c l i n e .  I t  i s  p o s s i b l e  they  a r e  

c o l l e c t e d  t h e r e  by c o n c e n t r a t i n g  f a c t o r s  b u t  more p ro b ab ly  th ey  

have employed t h e i r  m o t i l i t y  to  a r r i v e  a t  an o p t im a l  p o s i t i o n
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com prom ising betw een maximum l i g h t  a b s o r b t io n  and s u i t a b l e  

p o s i t i o n  f o r  n u t r i e n t  g a t h e r i n g .  The e x c e p t io n  t o  t h i s  a r e  the  

S c r i p p s i e l l a  sp p .  which c o n c e n t r a t e  in  th e  s u r f a c e  l a y e r s .  T h is  

may r e f l e c t  a p r e f e r e n c e  f o r  the  low er s a l i n i t i e s  found t h e r e ,  an 

a b i l i t y  to  u t i l i z e  v e ry  low n u t r i e n t  c o n c e n t r a t i o n s ,  an a b i l i t y  

to  w i t h s t a n d  any p h o t o i n h i b i t i o n  e x p e r ie n c e d  i n  t h e s e  l a y e r s  o r  a 

c o m b in a t io n  o f  a l l  t h e s e .  The even d i s t r i b u t i o n  o f  non -p igm en ted  

d i n o f l a g e l l a t e s  would  seem t o  i n d i c a t e  t h a t  w h a te v e r  n u t r i t i o n  

they  r e q u i r e  i s  d i s t r i b u t e d  th ro u g h o u t  th e  w a te r  column.

Com parison be tw een  1982, 1983 and o th e r  C re ran  d a ta

To a s s e s s  w hich s p e c i e s  m ig h t  be d e s c r ib e d  a s  ' t y p i c a l '  f o r  

a y e a r ,  s p e c i e s  p r e s e n t  in  50% o r  more of th e  sam ples f o r  each 

y e a r  a r e  l i s t e d  i n  Table  4 . 7 .  As can be seen  from t h i s  t a b l e ,  

seven  such s p e c i e s  a r e  l i s t e d  f o r  1982 and tw e lv e  f o r  1983. T h is  

p ro b ab ly  r e f l e c t s  th e  g r e a t e r  abundance of d i n o f l a g e l l a t e s  i n  

1983 as th e  number o f  s p e c i e s  r e c o rd e d  a t  l e a s t  once in  each y e a r  

was th e  same (T ab le  4 . 8 ) .  Of a l l  th e  s p e c i e s  th e  f o l lo w in g  o c c u r  

in  th e  l i s t s  f o r  b o th  y e a r s  and t h e r e f o r e  a r e  taken  to  r e p r e s e n t  

t y p i c a l  s p e c i e s  f o r  th e  l o c h : -  D inophys is  a c u m in a ta , Gonyaulax 

s p i n i f e r a , H e te ro c a p sa  t r i q u e t r a , P ro ro c e n t ru m  m ic a n s , 

P r o to p e r id in iu m  b i p e s , P r o to p e r id in iu m  b r e v ip e s  and S c r i p p s i e l l a  

sp p .
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TABLE 4 .7

S p e c ie s  p r e s e n t  in  >50% o f  samples taken  

1982 1983

P r o to p e r id in iu m  b ip e s  

P. b r e v i p e s  

P ro ro c e n tru m  m icans 

D in o p h y s is  acu m in a ta  

Gonyaulax s p i n i f e r a  

S c r i p p s i e l l a  sp p .  

H e te ro c a p s a  t r i q u e t r a

P ro to p e r id in iu m  b ip e s  

P. b r e v ip e s  

P . c e ra s u s  

P . ovatum

Pro rocen trum  m icans  

D inophysis  acum ina ta  

D. n o rv e g ic a  

C era tium  l in e a tu m  

Gonyaulax s p i n i f e r a  

G. p o ly e d ra  

S c r i p p s i e l l a  sp p .  

H e te ro c a p s a  t r i q u e t r a

TABLE 4 .8

Numbers of  d i f f e r e n t  s p e c i e s  p r e s e n t

1982 1983

P r o to p e r id in iu m  sp p . 20 21

P ro ro c e n tru m  sp p . 3 2

D in o p h y s is  sp p . 6 7

C era tiu m  s p p . 4 4

Gonyaulax sp p . 6 8

O ther 8 7

TOTAL 47 49

I n  b o th  1982 and 1983 th e  f i r s t  peak i n  d i n o f l a g e l l a t e  

numbers o c c u r r e d  i n  May /  June a f t e r  some warming o f  th e  w a te r  

colum n. In  b o th  y e a r s  S c r i p p s i e l l a  s p p .  were th e  dom inan t 

s p e c i e s  a l th o u g h  in  1983 Gonyaulax ta m a re n s is  a l s o  o c c u r r e d  a t  

t h i s  t im e .  In  1979 a bloom o f  S c r i p p s i e l l a  s p p .  a l s o  occu red  a t  

t h i s  t im e a t  B a r c a ld in e  P i e r  ( T e t t ,  D ry s d a le  and Shaw, 1 9 8 1 ) .
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A ll  o f  t h e s e  S c r i p p s i e l l a  blooms w ere  of th e  same o r d e r  of 

m a g n i tu d e ,  t h a t  i s  a b o u t  10 -12 ,000  c e l l s  per l i t r e .  I n  a l l  y e a r s  

t h e r e  was a f t e r  t h i s  i n i t i a l  maximum, a d ro p  in  numbers of 

S c r i p p s i e l l a  s p p .  fo llow ed  by an i n c r e a s e  in  l a t e  June and s te a d y  

numbers th ro u g h o u t  J u ly  and A ugus t .  Common to  a l l  t h e s e  y e a r s  

a l s o  i s  th e  sh a rp  d e c l i n e  of S c r i p p s i e l l a  sp p .  a t  th e  end o f  

A u g u s t .  The m ain  r e a s o n  f o r  t h i s  would seem t o  be  i n c r e a s e d  

f l u s h i n g  o f  th e  s u r f a c e  l a y e r s  a t  t h i s  time and i n  some y e a r s  i t  

i s  a l s o  a id e d  by encystm en t  of th e  p o p u l a t io n .  D uring  th e  summer 

p e r io d  ( l a t e  J u n e ,  J u ly  and A ugust)  o th e r  d i n o f l a g e l l a t e s  a r e  

p r e s e n t  i n c l u d in g  H e te ro c a p sa  t r i q u e t r a , P r o to p e r id in iu m  s p p . ,  

and D i p l o p s a l i s  sp p .

L a te  August w i th  th e  d e c re a s e d  s a l i n i t y  seems to  have been

th e  s t a r t  o f  th e  autumn s u c c e s s io n  o f  d i n o f l a g e l l a t e  s p e c i e s .

T h is  was s t a r t e d  i n  1982 and 1983 by Gonyaulax p o ly e d ra  which may

have p r e v i o u s ly  e x c y s te d  from th e  s e d im e n ts .  A lthough in  n e i t h e r

y e a r  d i d  t h e  G. p o ly e d ra  bloom l a s t  lo n g ,  i n  1983 th e  o rgan ism

was more ab u n d an t  than  i n  1982 (up to  100,000 c e l l s  p e r  l i t r e  in

1983 a g a i n s t  10 ,000  c e l l s  per  l i t r e  in  1982) and i t s  1983 bloom

te r m in a te d  i n  a p e r io d  when encystm en t was o b s e rv e d .  In  1979

G o n y a u la co id s  a r e  f i g u r e d  a s  o c c u r in g  i n  h ig h  numbers (30 ,000

c e l l s  pe r  1) a t  t h i s  t im e and a l th o u g h  s p e c i e s  w ere  n o t

d i s t i n g u i s h e d  G. p o ly e d ra  i s  i l l u s t r a t e d  below th e  g raph  ( T e t t ,

D ry sd a le  and Shaw 1 9 8 1 ) .  A f t e r  t h i s  f i r s t  bloom th e  s u b seq u e n t

p e r io d  o f  r e l a t i v e l y  h igh  t e m p e ra tu re s  and low s a l i n i t i e s  was

p ro b a b ly  found s u i t a b l e  by P ro ro cen tru m  m ic a n s , an a l g a  t h a t

a p p e a re d  t o  have been  p r e s e n t  in  th e  loch  th ro u g h o u t  th e  y e a r  i n

sm a l l  q u a n t i t i e s . F i n a l l y  in  b o th  y e a r s  t h e r e  was an  i n c r e a s e  of

C e ra t iu m  s p p .  The i n c r e a s e  was more m arked i n  1983 when

c o n d i t i o n s  may have s ta y e d  s u i t a b l e  in  th e  lo ch  f o r  l o n g e r .
bt

D in o p h y s is  sp p .  would a p p e a r  t t» ^ p resen t  in  th e  lo ch  f o r  m ost  of 

th e  y e a r .  None o f  t h e s e  l a t t e r  s p e c i e s  a r e  m e n t io n e d  i n  th e  1979
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r e p o r t ,  p ro b a b ly  b e c au se  of t h e i r  l a c k  o f  abundance . Naked 

s p e c i e s  a p p e a re d  t o  fo l lo w  th e  abundances of armoured s p e c i e s  and 

on th e  w hole  h igh  d i n o f l a g e l l a t e  growth seems to  be fav o u re d  by 

th e  o n s e t  o f  s t r a t i f i c a t i o n  o f  th e  w a te r  column.

C h lo ro p h y l l  d a t a  f o r  1982 and 1983, no t  s u r p r i s i n g l y  do n o t  

g iv e  any h e l p f u l  i n d i c a t i o n  o f  d i n o f l a g e l l a t e  numbers and m ust 

on ly  be r e g a rd e d  a s  an i n d i c a t o r  of t o t a l  p h y to p la n k to n  b io m a ss .  

However, i t  rem ains  s i m i l a r  in  amount and c y c le  in  1982 and 1983

and w i t h i n  th e  e n v e lo p e  d e s c r ib e d  f o r  Loch C re ran  by T e t t  and

W a l l i s  (1 9 7 8 ) .  T h is  im p l ie s  t h a t  1982 and 1983 can be r e g a rd e d  

as normal y e a r s .

On th e  b a s i s  o f  t h i s  ev id en ce  t h r e e  p a t t e r n s  of o c c u r r e n c e  

can p e rh a p s  be d i s c e r n e d .

1 . S p e c ie s  p r e s e n t  in  th e  loch  as m o t i l e  c e l l s  a l l  y e a r  round

a l th o u g h  sometim es i n  ve ry  low num bers. ( e . g .  D in o p h y s is  

a c u m in a ta , P ro ro c e n tru m  m ic a n s , P ro to p e r id in iu m  b i p e s )

2 .  S p e c ie s  p r e s e n t  in  th e  lo c h  a l l  y e a r  round by v i r t u e  of

e n c y s te d  s t a g e s ,  sometimes p r e s e n t  in  th e  p la n k to n  a s  low numbers 

of  m o t i l e  c e l l s ,  o c c a s i o n a l l y  in  abundance  when c o n d i t io n s  a r e  

s u i t a b l e  ( e . g .  S c r i p p s i e l l a  s p p . , Gonyaulax p o l y e d r a )

3 .  S p e c ie s  w hich  a r e  b ro u g h t  i n t o  th e  loch  in  s e a - w a te r  from th e  

F i r t h  o f  L o m e .  These o ccu r  s p o r a d i c a l l y  in  sm all  numbers b u t  

o c c a s i o n a l l y  rem ain  i n  th e  loch  long enough to  become a b u n d a n t ,  

( e . g .  P r o to p e r id in iu m  dep ressum , C e ra t iu m  f u s u s , C e ra t iu m  f u r c a ) .  

These s p e c i e s  co u ld  be d e s c r ib e d  a s  v i s i t o r s .

These p e rhaps  r e p r e s e n t  t h r e e  d i f f e r e n t  l i f e - s t r a t e g i e s .

a )  M a in tenance  o f  a r e s i d u a l  p o p u la t io n  w i t h i n  th e  lo ch  as m o t i l e  

c e l l s .  T h is  r e q u i r e s  growth r a t e s  h ig h  enough o r  b e h a v io u r  such 

t h a t  th e  p o p u la t io n  i s  no t f lu s h e d  from  th e  l o c h .
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b )  M ain tenance  of  a p o p u l a t i o n  w i t h i n  t h e  loch  by means o f  a c y s t  

s t a g e .  (There  i s  f u r t h e r  d i s c u s s i o n  o f  t h i s  i n  Chap te r  5 ) .

c )  M a in tenance  of  a p o p u l a t i o n  i n  t h e  F i r t h  of  Lom e or  f u r t h e r  

o f f s h o r e .

I t  s h o u ld  be n o t e d  t h a t  a s p e c i e s  from c a t e g o r y  3 cou ld  

e a s i l y  move i n t o  c a t e g o r y  2 i f  i t  had a c y s t  s t a g e  i n  i t s  l i f e 

c y c l e  o r  i n t o  c a t e g o r y  1 i f  i t s  d i v i s i o n  r a t e  was f a s t  enough or  

i t s  h a b i t s  such t h a t  i t  was no t  f l u s h e d  from t h e  l o c h .

Comparison w i t h  o t h e r  su rveys

W e s te rn  S c o t l a n d

E t i v e  i s  a n o t h e r  f j o r d i c  s e a - l o c h  t h a t  opens i n t o  the  F i r t h  

of  L o m e .  Wood e_t a ^ .  (1973)  n o t e  t h a t  d u r i n g  t h e  summer and

autumn p h o t o s y n t h e t i c  d i n o f l a g e l l a t e s  ( S c r i p p s i e l l a  t r o c h o i d e a , 

H e t e r o c a p s a  t r i q u e t r a , D inophys is  s p p . ,  P r o ro c e n t ru m  micans  and 

Gonyaulax s p p . )  made a s i g n i f i c a n t  c o n t r i b u t i o n  t o  t h e  t o t a l  

p h y t o p l a n k t o n  o f  Loch E t i v e .  T e t t  (1969, u n p u b l . o b s . )  found 

s m a l l ,  a rm oured ,  brown d i n o f l a g e l l a t e s  (SABD) ( i n c l u d i n g  

S c r i p p s i e l l a  s p p . ,  H e t e ro c a p s a  t r i q u e t r a , and sm a l l  

g o n y a u l a c o i d s ) ,  and D i p l o p s a l i s  s p p .  to  be mos t  common from A p r i l  

u n t i l  A u g us t .  P r o t o p e r i d i n i u m  spp .  were p r e s e n t  m os t  o f t e n  

between  A p r i l  and Augus t .  C e ra t ium  spp .  i n c r e a s e d  i n  August  and 

were common i n  Sep tem ber .  P ro ro c e n t ru m  o c c u r r e d  o c c a s i o n a l l y  

t h r o u g h o u t  t h e  y e a r  b u t  r eached  a peak i n  September  and 

D i n o p h y s i s  s p p ,  were p r e s e n t  t h ro u g h o u t  the  y e a r .  However , 

numbers  were  v e r y  low t h e  maximum b e in g  o f  SABD a t  around 1,000  

c e l l s  pe r  l i t r e .  These  s u rv e y s  i n d i c a t e  t h a t  t h e  c o m p o s i t i o n  and 

s u c c e s s i o n  o f  d i n o f l a g e l l a t e s  i s  ve ry  s i m i l a r  to  t h a t  of Loch 

C r e r a n .  However , cthe numbers d e s c r i b e d  f o r  e ach  s p e c i e s  a r e  much 

lower  t h a n  t h o s e  found i n  L, C r e r a n .  The s i m i l a r i t y  be tw een  th e  

two l o c h s  i s  to  b e  ex p e c te d  i f  i t  i s  c o n s i d e r e d  t h a t  t h e i r  s o u r c e
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w a t e r  w i l l  have been  s i m i l a r  over  t h e i r  r e c e n t  h i s t o r y .  The 

lower numbers o f  d i n o f l a g e l l a t e s  d e s c r i b e d  i n  Loch E t iv e  may be 

due to  t h e  low er  s a l i n i t i e s  e n c o u n te r e d  i n  t h e  s u r f a c e  l a y e r s  of  

the  l o c h  b e c a u s e  o f  t h e  l a r g e  amount of  f r e s h  w a t e r  r u n - o f f  i t  

r e c e i v e s .  I n  g e n e r a l ,  t h i s  r u n - o f f  c a u se s  d e c r e a s e d  s u r f a c e  

c o n c e n t r a t i o n s  o f  n i t r a t e  and p h o spha te  ( S o lo rz a no  and Grantham, 

1975 ) .

D i n o f l a g e l l a t e s  seem on ly  t o  have o c c u r r e d  s p o r a d i c a l l y  in  

t h e  smal l  r a p i d l y  f l u s h e d  Loch A r d b h a i r  i n  S u t h e r l a n d .  Gowen e t  

a l . (1983)  l i s t  t ax a  p r e s e n t  t h ro u g h o u t  the  y e a r .  No

d i n o f l a g e l l a t e s  were  found b e f o r e  J u n e ,  Ce ra t ium  spp .  were 

p r e s e n t  a t  t h e  b e g i n n i n g  o f  June fo l low e d  l a t e r  i n  t h e  month by 

P r o t o p e r i d i n i u m  d i v e r g e n s  and sm a l l  P r o t o p e r i d i n i u m  spp .  No 

d i n o f l a g e l l a t e s  a r e  l i s t e d  f o r  the  r e s t  o f  t h e  y e a r ,  e x c e p t  a t  

t h e  end o f  September  when Cera t ium f u su s  and Gymnodinium spp .  

o c c u r .  The hyd rog raphy  ( d e t a i l e d  by Gowen e t  a l . ,  1983)  i s

p ro b ab ly  t h e  m os t  i m p o r t a n t  f a c t o r  h e r e .  The c i r c u l a t i o n  o f  L. 

A r d b h a i r  i s  c o n t r o l l e d  by t i d a l  exchange w i t h  a  f l u s h i n g  r a t e  of 

on ly  a few d a y s ,  and so t h e  p h y to p la n k to n  i s  dominated by t h a t  

p r e s e n t  i n  t h e  so u rc e  w a t e r  of  E d d r a c h i l i s  Bay. E d d r a c h i l i s  Bay 

i s  g e n e r a l l y  w e l l  mixed and i t s  p h y t o p la n k to n  i s  p robab ly  l i g h t  

l i m i t e d .  I t  i s  on ly  when t h e r e  was s t r a t i f i c a t i o n  i n  t h e  bay 

t h a t  d i n o f l a g e l l a t e s  o c c u r r e d  i n  L. A r d b h a i r .

M a r s h a l l  and Orr (1927)  found t h e  o c c u r r e n c e  of  

d i n o f l a g e l l a t e s  i n  Loch S t r i v e n  was i r r e g u l a r  and t h e y  were ne ve r  

p r e s e n t  i n  l a r g e  num bers . I n c r e a s e s  were  c o i n c i d e n t  w i t h  low 

s a l i n i t i e s  and a r i s e  i n  t e m p e r a t u r e .  The most  common s p e c i e s  

d u r i n g  t h e s e  i n c r e a s e s  was H e t e ro c a p s a  t r i q u e t r a  hav ing  maximum 

numbers (41 ,150  c e l l s  per  l i t r e )  a t  t h e  head  o f  t h e  lo c h  in  

O c t o b e r .  O the r  abundan t  s p e c i e s  were  P r o t o p e r i d i n i u m  b i p e s  

(10 ,650  c e l l s  pe r  l i t r e )  a t  t h e  b e g i n n i n g  o f  A p r i l  and 

D i p l o p s a l i s  s p p .  a t  t h e  end o f  Augus t .  Large P r o t o p e r i d i n i u m  

s p p .  were  common i n  n e t  tows from A p r i l  onwards a t  t h e  s u r f a c e
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and a f t e r  November a t  t h e  bo t tom  h a v in g  t h e i r  maximum in  Augus t .  

Ce ra t ium  s p p .  a ppe a re d  i n  n e t  samples  a t  the  end o f  J u ly  

r em a in in g  a b u n d a n t  u n t i l  December. They n o t e d  a bloom o f

H. t r i q u e t r a  i n  Loch Long.

T e t t  (1969)  c o l l e c t e d  samples  f rom Keppel  p i e r  ( M i l p o r t ) .  

T h is  work g i v e s  t h e  most  d e t a i l e d  a c c o u n t  of  d i n o f l a g e l l a t e

s u c c e s s i o n  a v a i l a b l e  f o r  t h e  a r e a .  Summarized i n  g e n e r a l  terms

the  numbers of  d i n o f l a g e l l a t e s  were low i n  t h e  w i n t e r ;  in  t h e  

s p r i n g  t h e  P r o t o p e r i d i n i u m  s p p .  i n c r e a s e d  i n  numbers r em a in ing  a t ,  

abundances  of  100 -  1000 per  l i t r e  d u r i n g  t h e  summer and

d e c r e a s i n g  i n  numbers i n  t h e  autumn.  S c r i p p s i e l l a  s p p .  was

p r e s e n t  f o r  much of  t h e  y e a r ,  r e a c h i n g  peak d e n s i t i e s  i n  J u ly  /  

Augus t  (up to  100 ,000  c e l l s  per  l i t r e ) .  D inophys is  spp .  a l s o  

i n c r e a s e d  i n  s p r i n g  r e a c h i n g  maximum numbers ( a round  400 c e l l s  

pe r  1)  i n  t h e  summer and d e c l i n i n g  q u i c k l y  i n  t h e  autumn.  

C e ra t ium  s p p . ,  and P r o ro c e n t ru m  micans  r eached  t h e i r  h i g h e s t  

d e n s i t i e s  i n  t h e  l a t e  summer /  e a r l y  autumn (up to  10 ,000  c e l l s  

p e r  1 o f  C e ra t ium  l o n g i p e s , a ro und  15 c e l l s  per  1 o f  P.  m i c a n s ) .

The l o c h s  a round  t h e  Clyde d e s c r i b e d  by M a rs h a l l  and Orr  

(1927)  and T e t t  (1969)  a r e  g e n e r a l l y  n u t r i e n t  e n r i c h e d  compared 

to  t h o s e  f u r t h e r  n o r t h  and so  g r e a t e r  abundances of  c e l l s  m ig h t  

be e x p e c t e d  under  good c o n d i t i o n s .  The ty p es  of s p e c i e s  they  

d e s c r i b e  and t h e i r  s u c c e s s i o n  would a p p e a r  to  be  g e n e r a l l y  

s i m i l a r  to  t h a t  found i n  Loch Cre ran  a l b e i t  w i t h  g r e a t e r  

abundances  of  c e r t a i n  s p e c i e s .  Gonyaulax s p p .  do n o t  a p p e a r  to  

be as  i m p o r t a n t ,  b u t  t h i s  may be a f u n c t i o n  o f  i d e n t i f i c a t i o n  

p r o b le m s .  I n  t h e  Clyde Gerabium s p p .  seem t o  be  more p r e v a l e n t  

w i t h  C e ra t ium  l o n g i p e s , a s p e c i e s  r a r e l y  e n c o u n te r e d  i n  t h i s  

s t u d y ,  i m p o r t a n t  in  t h e  l a t e  summer /  autum n.
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Rest  o f  t h e  B r i t i s h  I s l e s

I n  g e n e r a l  s u rv e y s  from o t h e r  a r e a s  of  the  B r i t i s h  I s l e s  do 

n o t  seem t o  be c l o s e l y  r e l a t e d  t o  the  p a t t e r n s  obse rved  j  Loch 

C r e r a n .  T h i s  i s  p robab ly  be c ause  most  of  the  s ampl ing  a r e a s  a r e  

more c o a s t a l  t h a n  e s t u a r i n e  and be cause  many ( p a r t i c u l a r l y  n e t  

s a m p le s )  would have  m i s s e d  sm al l  d i n o f l a g e l l a t e s  u n l e s s  they were 

p r e s e n t  in  e x t r e m e ly  l a r g e  numbers ( e . g .  S c r i p p s i e l l a  s p p . ,  

H e t e r o c a p s a  t r i q u e t r a ) .

The most  i n t e r e s t i n g  comparisons  a r i s e  from t h e  pa per  by 

H o l l i g a n ,  Haddock and Dodge ( 1 980 ) .  Samples  were c o l l e c t e d  from 

a l l  a round  t h e  B r i t i s h  I s l e s ,  c o n c e n t r a t e d  on a 10|im s i e v e  and 

on ly  a q u a l i t a t i v e  a n a l y s i s  i s  p r e s e n t e d .  By use  of 

c o r r e s p o n d a n c e  a n a l y s i s  f o u r  groups of  s p e c i e s  were  d e f i n e d .  The 

two g roups  t h a t  a r e  r e l e v a n t  to  t h i s  s tudy  a r e  the  S e r i p p s i e l l a  

group  and t h e  P ro rocen t rum  micans  g roup .  The S c r i p p s i e l l a  group 

a l s o  c o n t a i n s  H e te ro c a p s a  t r i q u e t r a  and Gonyaulax t r i a c a n t h a . I t  

i s  a s s o c i a t e d  w i t h  w e l l - m ix e d  w a t e r ,  v a r i a b l e  t e m p e r a t u r e s  and 

p o s s i b l y  low s a l i n i t i e s  (<34.25%«).  The P. micans  group c o n t a i n s  

v a r i o u s  Ce ra t ium  s p p . ,  D inophys is  a c u m i n a t a , D inop h y s i s  a c u t a , 

Gonyaulax g r i n d l e y i  and Gonyaulax s p i n i f e r a . I t  was a s s o c i a t e d  

w i th  v a r i a b l e  s t a b i l i t y  c o n d i t i o n s  and low s a l i n i t i e s .  The

p a t t e r n s  of  d i s t r i b u t i o n  o f  t h e s e  two groups  would seem t o  f i t

in  w e l l  w i t h  what  i s  obse rved  i n  Loch C r e ra n .

With r e g a r d  t o  t h e  g e n e r a l  s e a s o n a l  c y c l e  of  d i n o f l a g e l l a t e s  

i n  B r i t i s h  w a t e r s  t h e r e  seems to  be two p a t t e r n s .  The f i r s t

c o n s i s t s  o f  a p o s t - s p r i n g  i n c r e a s e  i n  numbers of  C era t ium  s p p .

f o l lo w e d  by mixed s p e c i e s  i n  t h e  summer, and f i n a l l y  a f u r t h e r

C e ra t ium  bloom i n  t h e  autumn (Sykes ,  1969; Horwood e t  a l . ,  1982 ) .  

The second  shows a g r a d u a l  i n c r e a s e  in  many s p e c i e s  f rom May 

onwards ,  w i t h  a peak i n  a b o u t  J u ly  and a  g r a d u a l  d e c l i n e  i n t o  t h e
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autumn (Lebour ,  1917; Robinson ,  1965;  Dodge and H a r t - J o n e s ,  1974,  

1977; H o l l i g a n  and H arbour ,  1977; Maddock e t  , 1981; Robinson ,  

1 9 8 3 ) .  These  p a t t e r n s  do no t  seem t o  r e l a t e  to  g e o g ra p h ic  

l o c a t i o n s .

Most d i n o f l a g e l l a t e  su rveys  r e c o r d  a g r e a t e r  v a r i e t y  and 

abundance  of  C e r a t i a  than was found i n  Loch C r e r a n .  They a l s o  

seldom m en t io n  S c r i p p s i e l l a  spp .  and H e te ro c a p s a  t r i q u e t r a  

p r o b a b ly  b e c a u s e  of  t h e i r  small  s i z e  and t h e  methods  of 

c o l l e c t i o n .  H o l l i g a n  and Harbour  (1977)  m en t ion  H e te ro c a p s a  

t r i q u e t r a  o c c u r i n g  from May -  J u l y  i n  t h e  E n g l i s h  Channel  in  

q u i t e  l a r g e  numbers a t  i t s  peak (86 ,000  c e l l s  pe r  1 ) .  There  i s  

no m e n t io n  o f  t h i s  s p e c i e s  i n  o t h e r  d e s c r i p t i o n s  of  work i n  t h e  

Channel  ( L e bou r ,  1917; Maddock e t  a l . ,  1981 ) .  Lebour (1917) 

d o e s ,  however ,  m en t io n  o t h e r  small  s p e c i e s  f o r  example 

P r o t o p e r i d i n i u m  b i p e s . She n o t e s  P ro roc e n t rum  micans  has  i t s  peak 

i n  September  and Cera t ium  f u s u s  i n  A ugus t .  Dodge and H a r t - J o n e s  

(1974 & 1977)  m en t io n  S c r i p p s i e l l a  s p p .  and H e te ro c a p s a  t r i q u e t r a  

b u t  t h e s e  o c c u r r e d  i n  r e l a t i v e l y  few of  t h e i r  samples  i n  t h e  

l a t t e r  s t u d y .  At B l y t h ,  Nor thum ber land  1971-72 they  o c c u r r e d  i n  

A p r i l  and A u g us t ,  a t im in g  s i m i l a r  to  t h a t  in  L. C r e r a n .  

D inop h y s i s  n o r v e g i c a  was a l s o  i m p o r t a n t  in  t h e i r  s a m p le s .  They 

show d i n o f l a g e l l a t e  abundance  to  be  c l o s e l y  r e l a t e d  t o  s u r f a c e  

w a t e r  t e m p e r a t u r e s .

Thus Loch C r e r a n ,  c o n t a i n s  a b r o a d l y  s i m i l a r  a s sem blage  of 

s p e c i e s  to  t h e  r e s t  of  t h e  B r i t i s h  I s l e s .  D i f f e r e n c e s  a r e  

p ro b ab ly  due t o  i t s  e n c lo s e d  e s t u a r i n e  s i t u a t i o n  and n o r t h e r n  

l a t i t u d e  ( w i th  r e l a t i v e l y  c o o l e r  t e m p e r a t u r e s ) .
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The Norwegian f j o r d s

D ra m s f jo rd  /  O s l o f j o r d  ( l a t .  59 .00  N)

D r a m s f jo r d  i s  s e p a r a t e d  from O s l o f j o r d  by a s h a l l o w  s i l l .  

These two f j o r d s  were s t u d i e d  i n  March to  December 1951 by 

B r a a ru d ,  F^yn and Has l e  ( 1 958 ) .  They r e c e i v e  a l a r g e  f r e s h w a t e r  

i n p u t .  C yc le s  i n  t h e  i n n e r  Dramsf jord  and O s l o f j o r d  were

m arked ly  d i f f e r e n t  pe rhaps  b e c au s e  of  the  d i f f e r i n g  h y d r o g r a p h i c  

r eg imes  i n  e a c h .  The s i t u a t i o n  i n  t h e  o u t e r  p a r t  of O s l o f j o r d  

was more s i m i l a r  to  t h a t  in  C r e ra n .  There  were  smal l  peaks  of 

P r o ro c e n t ru m  m i c a n s , Gonyaulax po ly ed ra  and c e r a t i a  in  May, and a 

f a i r l y  h i g h  l e v e l  o f  d i n o f l a g e l l a t e s  th roughou t  the  summer months 

w i th  a second  peak o f  c e r a t i a  towards the  end o f  A ugus t .  The

s p e c i e s  r e c o r d e d  were v e r y  s i m i l a r  to  t h o se  in  L. C r e ra n  w i t h

p o s s i b l y  a  g r e a t e r  im p o r ta n c e  of Cera t ium s p e c i e s .  Four  common 

s p e c i e s  a r e  d i s c u s s e d  as  be in g  abundan t  a t  c e r t a i n  t im es  of  the  

y e a r .  Of t h e s e  P. micans  and G. p o ly ed ra  had t h e i r  peak

abundances  (3 ,240  and 2,160  c e l l s  per  l i t r e  r e s p e c t i v e l y )  i n  May 

u n l i k e  C r e r a n .  S c r i p p s i e l l a  t r o c h o i d e a  had i t s  peak i n  A p r i l  /  

May ( 1 ,500  c e l l s  pe r  1) and H e t e ro c a p s a  t r i q u e t r a  in  September  

(12 ,0 00  c e l l s  per  1 ) .

T r o n d h e i m s f j o r d  ( l a t .  63 .25 N)

The c y c l e  in  T ro n d h e im s f jo rd  was s t u d i e d  d u r in g  1963 -  1966 

and 1970 -  1971 by Sakshaug (1972)  and Sakshaug and M ykle s tad

(1973)  and a p p e a r s  ve ry  s i m i l a r  to  t h a t  of  L. C r e r a n .  There  was

a bloom o f  d i n o f l a g e l l a t e s  i n  A p r i l  /  May w i th  Gonyaulax

t a m a r e n s i s  and Serippsj.€s 11 a t r o c h o i d e a  p r e d o m i n a t in g .  A mixed ,

i n c r e a s i n g  p o p u l a t i o n  ensued o v e r  the  summer months i n c l u d i n g

many P r o t o p e r i d i n i u m  s p p . ,  Gonyaulax spp .  and H e t e ro c a p s a  

t r i q u e t r a .  I n  l a t e  summer /  Autumn S c r i p p s i e l l a  t r o c h o i d e a
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became i m p o r t a n t  once more a lo ng  w i t h  P ro rocen t rum  micans  and 

C era t ium  s p p .  Sakshaug p o i n t s  out  the  comple te  absence  of 

Gonyaulax t a m a r e n s i s  a f t e r  i t s  May bloom and c o n s i d e r s  t h a t  i t  i s  

r e s t r i c t e d  t o  t h i s  t ime of  the  y e a r .

H a r d a n g e r f j o r d  ( l a t .  63.10 N)

H a r d a n g e r f j o r d  was s t u d i e d  by Braarud (1974 and 1976)  and 

Braa rud  e_t ( 1 9 7 4 ) .  The numbers of  d i n o f l a g e l l a t e s  were  low

from O c tobe r  to  March and growth s t a r t e d  i n  A p r i l  w i th  such 

s p e c i e s  a s  D inophys is  l achm ann i i  ( p roba b ly  Din ophys is  a c u m i n a t a ) , 

Gonyaulax t a m a r e n s i s , S c r i p p s i e l l a  t r o c h o i d e a  and Gonyaulax 

s p i n i f e r a  and s e v e r a l  P r o t o p e r i d i n i u m  s p e c i e s .  I n  June and J u ly  

t h e r e  w ere  peaks i n  numbers of  S c r i p p s i e l l a  t r o c h o i d e a , Gonyaulax 

s p i n i f e r a , Gonyaulax g r i n d l e y i  and towards  the  end o f  t h i s  p e r i o d  

H e t e r o c a p s a  t r i q u e t r a  and P ro rocen t rum  b a l t i c u m . F i n a l l y  d u r i n g  

Augus t  /  September  t h e r e  was an i n c r e a s e  in  Cera t ium spp .  and 

P r o ro c e n t ru m  m i c a n s . Apart  from t h e  s p e c i e s  no t  found i n  L. 

C r e r a n ,  H a r d a n g e r f j o r d  has  a v e r y  s i m i l a r  d i n o f l a g e l l a t e  c y c l e .

The s e a s o n a l  d i n o f l a g e l l a t e  c y c l e s  found i n  some Norwegian 

f j o r d s  b e a r  q u i t e  a c l o s e  resem bla nce  to  t h e  c y c l e  obse rved  f o r  

L. C r e r a n .  T h i s  s i m i l a r i t y  i s  much s t r o n g e r  t han  t h a t  obse rved  

in  compar ison  t o  o t h e r  B r i t i s h  c o a s t a l  w a t e r s .  Obv ious ly  the  

h y d r o g r a p h i c  regime of  the  f j o r d s  i s  a k i n  t o  t h a t  of  the  S c o t t i s h  

sea  l o c h s .  T h i s  would seem t o  imply t h a t  c e r t a i n  o f  t h e  s p e c i e s  

common t o  b o t h  s i t u a t i o n s  can e x p l o i t  t h e s e  f j o r d i c  c o n d i t i o n s .  

T h i s  i s  pe rhaps  w o r th  b e a r i n g  i n  mind i n  t h e  c o n t e x t  of  t o x i c  

blooms f o r  s p e c i e s  t h a t  a r e ,  a t  the  moment,  r a r e  or  no t  p r e s e n t  

i n  S c o t t i s h  w a t e r s  b u t  have been  a problem i n  Norway ( e . g .  

P ro ro c e n t ru m  minimum).
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EXPLANATION OF TABLES

A l l  f i g u r e s  a r e  x lO "^

+ r e p r e s e n t s  0 -  199 c e l l s  per l i t r e ,  ++ r e p r e s e n t s  200 -  399

c e l l s  pe r  l i t r e ,  ( f o r  e x p l a n a t i o n  see Chapter  2 ) .

A d a t e  w i t h  an a s t e r i s k  (*)  means t h a t  the  sample was i n  t h e  

' v e r y  t h i n '  c a t e g o r y  ( l e s s  than  20 c e l l s  of  t h e  dominant  s p e c i e s  

c o u n te d ,  f o r  e x p l a n a t i o n  see  Chapter  2 ) .

For  Table  4 . 5  t h e  f o l l o w i n g  a b b r e v i a t i o n s  f o r  sample s t a t i o n s  a r e  

used  : -

U.C. = Upper Cre ran  

C r . B r .  = Creagan b r id g e

B.P.  = B a r c a l d i n e  P i e r  

For l o c a t i o n s  s ee  F i g u r e  4 . 3
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Table 4.1 : Cell numbers per litre Loch Creran 1982

S p e c ie s  /  Date 28-4  4-5  11-5 18-5 8 -6  15-6 22-6  29-6
Cera t ium  f u r c a
C. f u s u s  - - - - - - - -
C. l i n e a t u m  - - - - - - - -

—  —  —  —  — —  —  — 

D inophys is  s p p .  -  -  -  +
D. a c u m in a t a  + -  -  -
D. dens -  -  -  -
D. n o r v e g i c a  -  -  -  +
D. p u l c h e l l u m  -  -  -  -
D. p u n c t a t a  -  -  + -
D. ro tu n d a tu m  -  + -  +
D i p l o p s a l i s  s p p .  -  + -  +
D. l e n t i c u l a  -  -  -  -
D is sod in ium  -  -  -  -

p s e u d o c a l a n i  
Glenodin ium s p p .  -  -  -  -
Gonyaulax s p p .  + -  + +
G. d i g i t a l e  — — — —
G. g r i n d l e y i  -  -  -  -
G. p o l y e d r a  - - - - -  +
G. s p i n i f e r a  -  -  -  + +
?G. t a m a r e n s i s  - - - - - - - -
G. v e r i o r  — — — — — — — —
H e t e r o c a p s a  t r i q u e t r a  - - - + - + + -
?H e lg o la n d in iu m  - - - - -  — + -

subgluosum
Katodin ium ro tunda tum  - + + - - - + —
Oblea r o t u n d a t a  - - - - - - - -
P r o ro c e n t ru m  g r a c i l e  - - - - - - - -
P.  m icans  — + — — + + + +
P.  s c u t e l l u m  - - - - - - - -
P r o t o p e r i d i n i u m  - - - - - - - -

/ D i p l o p s a l i s  s p p .
P r o t o p e r i d i n i u m  s p p .  + + + + + + + +
P.  b i p e s  + + + -  + 0 . 4  + —
P. b r e v i p e s  _ _ - -  + + + +
P.  c e r a s u s
P.  c l a u d i c a n s  -
P.  c o n ic  urn
P . c u r t i p e s
P.  d e n t i c u l a t u m
P. d iabo lum
P. d i v e r g e n s  _ +
P. e x c e n t r i c u m
P.  l e o n i s  + -  + -  +
?P. minutum
P.  ovatum -
P.  p a l l i d u m
P. p e l l u c i d u m  -
P.  pentagonum _ - ^  + - -  + +
P.  p y r i f o r m e
P.  s t e i n i i  _ +
P.  sub ine rm e  + + "  +
?P.  th o r i a n u m  +
S c r i p p s i e l l a _spp*  ̂ 1*3 0 . 6  1 .5  1 .5  0 . 6  12 .4  7 .2  0 .9
TOT. CELL NOS. (x l0 “̂ ) 1*7 0 .9  1 .7  1 .9  1*0 1 3 .6  7 .8  1 .6
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Table 4.1 cont..

S p e c ie s  /  Date  6-7 13-7 20-7 27-7 3-8 10-8 17-8 24-8
Cera t ium  f u r c a
C. f u s u s  -  -  -  -  _ _ + ++
C. l i n e a t u m  +
C. t r i p o s
Dinophys is  s p p .  - - - - + + - +
D. a c u m in a t a  + - -  + + + +  + +
D. dens — — — — — — — —
D. n o r v e g i c a  - - - - -  + + +
D. p u l c h e l l u m  - - - - - - - -
D.  p u n c t a t a  -
D.  r o t u n d a t u m  + - -  + -  + -  +
D i p l o p s a l i s  s p p .  -  + - - + - - -
D. l e n t i c u l a  — — — — — — — +
D i s s o d i n i u m  - - - -  + - -  -

p s e u d o c a l a n i
Glenodin ium s p p .  - - -  + + + + + -
Gonyaulax s p p .  - - -  -  + + + -
G. d i g i t a l e  — — — — — — — —
G. g r i n d l e y i  - - -  + + -  + -
G. p o l y e d r a  -  + + -  + 0 .7  + + 5 . 5
G. s p i n i f e r a  -  -  -  ++ + 0 .4  -  0 . 4
?G. t a m a r e n s i s  — — — — — — — —
G. v e r i o r  — — — — — — — +
H e t e r o c a p s a  t r i q u e t r a  -  + -  + ++ + + 0 . 6  +
?H e lg o la n d in iu m  — — + — — — — —

subgluosum
Katod in ium ro tunda tum  -  - -  -  + + - -
Oblea r o t u n d a t a  — — — — + ++ + +
P r o ro c e n t ru m  g r a c i l e  - - - - - - - +
P. m icans  + — — + + + ++ 0 . 6
P. s c u t e l l u m  -  — - -  -  + -  +
P r o t o p e r i d i n i u m  - — — + + + + -

/ D i p l o p s a l i s  spp .
P r o t o p e r i d i n i u m  s p p .  + + + + - - - +
P. b i p e s  — + ++ 0 .9  ++ 1 .3  1 .0  +
P. b r e v i p e s  - - -  + + + + +
P. c e r a s u s  _ - - -  + -  + +
P. c l a u d i c a n s
P. conicum +
P. c u r t i p e s  
P.  d e n t i c u l a t u m
P. d iabo lum  -
P.  d i v e r g e n s  
P.  e x c e n t r i c u m
P. l e o n i s  + + + - -  - -  -
?P. minutum
P. ovatum + + + + + -  + +
P. p a l l i d u m  + _ _  + + - - -
P.  p e l l u c id u m  _ + -  + 0 .9
P. pentagonum 
P.  p y r i f o r m e
P. s t e i n i i  _ - - -  + + + +
P. sub ine rm e
?P. t h o r i a n u m  -  - - - - - - -
Sc r ipps ie .1  l a  s p p .  0 . 4  1 .8  1 .1  4 . 0  1 .4  2 .4  4 . 4  0 .5
TOT. CELL NOS. (xlO^^) 0 . 9  2 . 3  1 .6  5 . 9  3 .3  6 .4  7 . 5  9 . 3
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Table 4.1 cont..

S p e c ie s  /  Date 31-8 7-9 14-9 21-S
Cera t ium  f u r c a - + + +
C. f u s u s + ++ + +
C. l i n e a t u m + + + +
C. t r i p o s - - - -
D inophys is  s p p . + - + -
D. a c u m in a t a + + - +
D. dens + - - -
D. n o r v e g i c a + - + -
D. p u l c h e l lu m - - - +
D. p u n c t a t a - - - -
D. ro tunda tum - - - -
D i p l o p s a l i s  s p p . - - ++ -
D. l e n t i c u l a + + - +
Dissod in ium - - - —

p s e u d o c a l a n i
Glenodin ium s p p . 2 .5 - - -
Gonyaulax s p p . - + - -
G. d i g i t a l e - - + +
G. g r i n d l e y i - + - +
G. p o l y e d r a + 7 .8 + -
G. s p i n i f e r a + 0 . 6 0 .7 ++
?G. t a m a r e n s i s - - ++ -
G. v e r i o r + ++ + -
H e t e r o c a p s a  t r i q u e t r a ++ - 1 .6 +
?H e lgo land in ium - - - -

subgluosum
Katod in ium ro tu nda tum - - - +
Oblea  r o t u n d a t a - + - -
P r o ro c e n t ru m  g r a c i l e - - - -
P.  m icans ++ 3 .1 2.7 0 .9
P.  s c u t e l l u m - + - -
P r o t o p e r i d i n i u m - - - -

/ D i p l o p s a l i s  s p p .
P r o t o p e r i d i n i u m  spp . - + ++ —
P. b i p e s - ++ + +
P. b r e v i p e s + — + +
P.  c e r a s u s - + + +
P.  c l a u d i c a n s - - - -
P.  conicum - - - —
P. c u r t i p e s - - - -
P.  d e n t i c u l a t u m - — + —
P. d iabo lum - + -
P.  d i v e r g e n s - - - —
P. e x c e n t r i c u m — — — +
P. l e o n i s - — — —
?P. minutum - - - —
P. ovatum - — — —
P. p a l l i d u m - + + —
P. p e l l u c i d u m — +
P. p e n t ^ o n u m —
P. p y r i f o r m e — + +
P. s t e i n i i — ++ + +
P.  sub ine rm e - + + —
?P.  t h o r i a num - — — —
S c r i p p s i e l l a  s p p . 0 . 4 + ++ ++

TOT. CELL NOS. (xlO’*) 4 . 1 13.8 6 .9 1 .9

*

28-9 5-10 2-11 30-11
+  +  +  -

+  —  +  —
+ +  + —

1 .5
+

++

+
+ +
+  —

+ +

+ + +

2 .2  ++ 0 . 4
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Table 4.2 : Counts of cysts and tintinnids, Creran 1982

Date S. t r o c h o i d e a  S. ?sweeneyae G .p o ly e d ra  T i n t i n n i d s
c y s t  c y s t  c y s t

+ +

—  —  0 . 6

— — 0 . 5

—  —  1 . 1

—  —  0 . 6

+ +E 0 .8

— — + +

0 . 4

0. 6

0 . 4

28-4

4-5 -

11-5 -

18-5 1 .2

8—6 +

15-6 0 .5

22-6 -

29-6 +

6-7 -

13-7 -

20-7 -

27-7 0 . 7

3-8 +

10—8 +

17-8 +

24-8 -

31-8 -

7-9 -

14-9 -

21-9 -

28-9 -

5-10 -

2-11 -

30-11 * -

E = empty c y s t

++

0. 6

++

0 i9

++

+
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Table 4.3 Cell numbers per litre. Loch Creran 1983

S p e c ie s  /  Date  25-1 2-2 29-3 8-4  20-4 26-4 3-5 9-5
Cera t ium  f u r c a  - - - - - - - -
C. f u s u s  - - - - - - - -
C. l i n e a t u m  — — — — — — — —
C. l o n g i p e s  - - - - - - - -
D inophys is  s p p .  + - + - - - - +
D. a c u m in a t a  - -  + - -  + + +
D. a c u t a  — — — — — — — —
D. c o n t r a c t u m  - - - - - - - -
D. n o r v e g i c a  - - - -  + -  + +
D. p u l c h e l l u m  — — — — — — — —
D. p u n c t a t a  - -  + - -  - -  +
D. r o tu n d a tu m  - - - - - - - -
D i p l o p s a l i s  s p p .
D. l e n t i c u l a  - - - -  + - -  -
Dissodium asymmetricum -  - -  - -  - -  -
Glenodin ium s p p .  — — — — — — — —
Gonyaulax s p p .  + -  + -  + + + ++
G. d i g i t a l e  — — — — — — + +
G. g r i n d l e y i  — — — — — — — —
G. p o l y e d r a  — — — — + — — +
G. polygramma — — — — — — — —
G. s p i n i f e r a  -  -  + -  -  + -  2 .3
G. t a m a r e n s i s  - -  + -  + + + 3 .0
G. t r i a c a n t h a  -
G. v e r i o r  — — — — — — — —
H e t e r o c a p s a  t r i q u e t r a  -  -  0 . 5  -  + ++ + 0 . 8
Katod in ium ro tunda tum  -  - -  + + - -  -
P r o ro c e n t ru m  s p p .  -  - -  - -  - -  -
Oblea  r o t u n d a t a  - - - + - - - -
P.  m icans  + -  + - -  - -  +
P.  s c u t e l l u m  _ _ _ _ _ _ _ _
P r o t o p e r i d i n i u m  -  -  -  + 1 .0  ++ + ++

/ D i p l o p s a l i s  spp .
P r o t o p e r i d i n i u m  spp .
P.  b i p e s  - -  + + + + + +
P. b r e v i p e s  _ _  + - -  + + ++
P.  c e r a s u s  -  -  + + + + + +
P.  c l a u d i c a n s  
P. c o n i c o i d e s
P. d e n t i c u l a t u m  +
P.  depre ssum ,
P.  d iabo lum  -  -  -  ~ 0 . 6  ++ -  -
P.  e x c e n t r i c u m
P.  l e o n i s  _ _ _ _ _  + _ _
P.  minutum _ _ _ _ _ _ _ + +
P.  m i t e  - - - - - - - -
P.  oblongum _
P.  ovatum -  -
P. p a l l i d u m  _ _ _ _ _ _ _  +
P. p e l l u c i d u m  _ _ - - + + +  + +
P. pentagonum _ - - - -  + + +
P. p y r i f o r m e  _ +
P. s t e i n i i  _ _ _ _ _  + _ -
P. sub in e rme
P. th o r i a n u m  -
S c r i p p s i e l l a  spp 
TOT. CELL NOS. (x l0 ‘®)

+ 0 . 4  6.8 0 .6  0 .6  3.7 1.8 12.3
++ 0 .4  8 .0  0 .9  2 .9  5 .4  2 .3  20.4
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Table 4.3 cont..

S p e c ie s  /  Date  18-5 24-5 1-6 7-6 14-6 21-6 28-6
C era t ium  f u r c a  -
C. f u s u s  -  +
C. l i n e a t u m  +
C. l o n g i p e s  -
D inophys is  s p p .  +
D. a c u m in a t a  ++ + + + - _  + +
D. a c u t a  — — —— — — — —
D. c o n t r a c t u m  -  - - - - - -
D. n o r v e g i c a  + - - -  + - -
D. p u l c h e l l u m  -  - - - - - -
D. p u n c t a t a  -  - - - - - -
D. ro tu n d a tu m  -  -  + - - - -
D i p l o p s a l i s  s p p .  -  - - - - - -
D. l e n t i c u l a  + + - - - - -
Dissodium asymmetricum -  - - - - - -
Glenodin ium s p p .  5 .7  0 .9  + + + -  +
Gonyaulax s p p .  -  + - + - - -
G. d i g i t a l e  + — — — — + —
G. g r i n d l e y i  + - - - - - -
G. p o l y e d r a  -  - - - -  + +
G. po ly  gramma -  - - - - - -
G. s p i n i f e r a  5 .2  0 . 5  0 .5  + 0 . 5  ++ +
G. t a m a r e n s i s  14 .6  + + -  -  -  -
G. t r i a ç a n t h a  + -  + - - - -
G. v e r i o r  — — — — — — —
H e t e r o c a p s a  t r i q u e t r a  3 .7  ++ ++ + ++ + +
Katod in ium r o tunda tum  -  - - + + - +
Oblea r o t u n d a t a  ++ + + - -  + +
P r o ro c e n t ru m  spp .  -  - - - - - -
P.  m icans  + — — — + — —
P. s c u t e l l u m  -  - - - - - -
P r o t o p e r i d i n i u m  0 . 4  + + +  + + + + + +

/ D i p l o p s a l i s  spp .
P r o t o p e r i d i n i u m  spp .  -  - - - - - -
P.  b i p e s  + 0 . 6  + + + 0 . 6  ++
P. b r e v i p e s  0 .7  + ++ + -  + ++
P. c e r a s u s  + + -  + + + -
P. c l a u d i c a n s  -  + - - - - -
P.  c o n i c o i d e s  -  - - - - - -
P.  d e n t i c u l a t u m  -  - - - - - -
P.  depre ssum  -  - - - - - -
P.  d iabo lum  + + - - -  + -
P.  e x c e n t r i c u m  -  - - - - - -
P.  l e o n i s  + + - -  + -  +
P.  mi nutum -
P.  m i t e  -  - - - - - -
P.  oblongum -  - - - - - -
P. ovatum + + + -  + +
P. p a l l i d u m  -  - - - - - -
P.  p e l l u c i d u m  -  - - - - - -
P.  pentagonum + + - - - " -
P. p y r i f o r m e  + + - - - - -
P. s t e i n i i  -  - - - - - -
P. s u b in e r m e  -  _ _ _ _ _ _
P. t h o r i a n u m  __
S c r i p p s i e l l a  s p p .  15 .5  0*6 2 .1  0 . 5  3 . 5  6 .8  20 .3
TOT. CELL NOS. (xlO"^) 4 7 .5  3.7  4 . 0  I .O 4 .9  8 . 3  21 .5
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Table 4.3 cont..

S p e c ie s  /  Date 5-7 15-7 19-7 26-7 2-8 11-8 17-8 23-8
Cera t ium  f u r c a + + - - + - + 0 . 6
C. f u s u s - - + — — — + —
C. l i n e a t u m + + + + — + + ++
C. l o n g i p e s - - - - - - - -
D inophys is  s p p . + ++ + + + + + ++
D. ac um ina ta + ++ + + + + + 0 . 6
D. a c u t a - - - + - - - -
D. c o n t r a c t u m - - + - - - - -
D. n o r v e g i c a - + - + + ++ + ++
D. p u l c h e l lu m - - + - + - - -
D. p u n c t a t a - - + + - - - -
D. r o tunda tum + - + + + - + +
D i p l o p s a l i s  spp . - + - - + - - -
D. l e n t i c u l a + - + - - + + +
Dissodium asymmetricum - - - - - - - -
Glenodin ium spp . - 2 .6 + + + 0 .5 0 .5 +
Gonyaulax spp . - - + - + + + -
G. d i g i t a l e - - - - + - - -
G. g r i n d l e y i - - - - + + + +
G. p o l y e d r a - ++ + + - - ++ 98 .4
G. polygramma - - - - - - - -
G. s p i n i f e r a - ++ ++ + + 0 . 4 + 0 .7
G. t a m a r e n s i s - - - + + - + -
G. t r i a ç a n t h a - - - - - - - -
G. v e r i o r - - - + + - + -
H e t e r o c a p s a  t r i q u e t r a + + + + + + + +
Katod in ium ro tunda tum - + - - + - - -
Oblea  r o t u n d a t a - - - - - - ++ +
P r o ro c e n t ru m  spp . - - - - - - - -
P.  micans - + + + + + + 0 . 4
P. s c u t e l l u m - - - - - - - ++
P r o t o p e r i d i n i u m + - + + + + + ++

/ D i p l o p s a l i s  spp .  
P r o t o p e r i d i n i u m  spp . — + + + - - - +
P.  b i p e s 0 . 4 + + + + 1 .0 0 .9 +
P.  b r e v i p e s - + + ++ + + + 0 . 5
P.  c e r a s u s - — — + — + + +
P.  c l a u d i c a n s - - - - - + + -
P. c o n i c o i d e s - - - - - - - +
P.  d e n t i c u l a t u m - - - - - - - -
P.  depressum - - - - + - - -
P. d iabo lum - — — — — — — —
P. e x c e n t r i c u m - - - - - - - -
P.  l e o n i s + - - + + - + -
P.  minutum + - + - + - + +
P.  m i t e - - - - - - + +
P.  oblongum - — — — — — + +
P. ovatum + + + +
P.  p a l l i d u m - - — — — — — —
P. p e l l u c id u m — — — +
P. pentagonum + +
P.  p y r i f o r m e — — +
P. s t e i n i i — + + +
P.  sub ine rm e - - + — — — — —
P. tho r ianun i - - — - + — — —
S c r i p p s i e l l a  s p p . 3 .8 23 .3 5 .9 13.1 4 .7 4 .7 2 .6 7 .8
TOT. CELL NOS. (xlO*^) 4 .8 27 .8 7 .0 15 .6 5 .3 7 .2 5 .8 111.
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Table 4.3 cont,.

S p e c ie s  /  Date 31-8 5-9 9-9 14-9 23-9 28-9 4-10 13-10
Cera t ium  f u r c a 2 .5 + 1 .6 1.1 2 .3 3 .1 15 .4 10 .4
C. f u s u s 0 . 6 + + + ++ 0 .4 1 .0 +
C. l i n e a t u m 1.3 + 1.2 + 3 .9 0 .9 2 .8 ++
C. l o n g i p e s + - - - - - - —
D inophys is  s p p . ++ + + + + + + +
D. a c u m in a t a ++ + + + + + + +
D. a c u t a - - - - — _ — _
D. c o n t r a c t u m - - - - - — — —
D. n o r v e g i c a + + + + + + + -
D. p u l c h e l lu m + - + - - - - +
D. p u n c t a t a - - - - - - - -
D. r o tunda tum + + - + + + + —
D i p l o p s a l i s  s p p . - - + + - + + -
D. l e n t i c u l a + + + + + - + -
Dissodium asymmetr icum - - - + - - + -
Glenodin ium spp . + 0 .5 + - - - - -
Gonyaulax s p p . - - - - - - - +
G. d i g i t a l e + - - - - - - -
G. g r i n d l e y i 0 .5 + + ++ + + + -
G. p o l y e d r a 96 .2 4 .2 97 .5 5.7 6.9 0 .8 + ++
G. polygramma + - - - - - - -
G. s p i n i f e r a 2 .1 ++ 1 .5 4 .5 ++ 0 . 6 0 .9 1 .3
G. t a m a r e n s i s - + - - - - - -
G. t r i a ç a n t h a - - - - + - - -
G. v e r i o r ++ + ++ ++ 0 .8 ++ + -
H e t e r o c a p s a  t r i q u e t r a + + + + + + - +
Katod in ium ro tunda tum - - - - - - - -
Oblea  r o t u n d a t a 0 .7 + + + 1 .8 + + -
P r o ro c e n t ru m  spp . + + + - - - - -
P.  micans 0 .8 0 .5 1 .2 5 .9 9 .8 2 .7 4 . 0 1 .8
P. s c u t e l l u m 0 .5 + ++ + + + 0 .8 +
P r o t o p e r i d i n i u m

/ D i p l o p s a l i s  spp .
++ + + 1.2 ++ + 0 . 6

P r o t o p e r i d i n i u m  spp . + + + — + — + -
P. b i p e s + + - + + + + -
P.  b r e v i p e s 0 . 6 + 0 . 6 1.2 0 .7 ++ ++ +
P.  c e r a s u s + + + ++ + + + +
P. c l a u d i c a n s + + - - - - - -
P.  c o n i c o i d e s - - - - - - - -
P. d e n t i c u l a t u m - - - - - - - -
P.  depressum + - - - - - - -
P.  d iabo lum - - - - — — — —
P. e x c e n t r i c u m + - - - - — - -
P.  l e o n i s + - + + + + + +
P.  minutum + + - - + + - -
P.  m i t e + + + - - - -
P.  oblongum + - - - - + — —
P. ovatum + — + — + +
P. p a l l i d u m - - + - — — — —
P. p e l l u c id u m — — + +
P. pentagonum — — — + +
P. p y r i f o r m e — — — — +
P. s t e i n i i + + + + + + + —
P. sub ine rm e + + + + + — + —
P. th ô r i a n u m - — - - + — - -
S c r i p p s i e l l a  s p p . 1.1 1 .5 0 .5 0 .7 1 .0 0 .5 ++ 0 .7

TOT. CELL NOS (xlO'*) 13 1 .5 8 . 5 106.7 24 .8 30 .4 10 .5 27 .0 15 .4
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Table 4.3 cont..

S p e c i e s  /  D a t e  18-10 27-10 2-11
C e r a t i u m  f u r c a  + 2 .7  3 .4
C. f u s u s  -  -  +
C. l i n e a t u m  + + ++
C. l o n g i p e s  -  -  -
D i n o p h y s i s  s p p .  + -  +
D. a c u m i n a t a  + -  +
D. a c u t a  -  -  -
D. c o n t r a c t u m  -  -  -
D. n o r v e g i c a  -  -  +
D. p u l c h e l l u m  -  -  -
D. p u n c t a t a  -  -  -
D. r o t u n d a t u m  -  -  +
D i p l o p s a l i s  s p p .  -  -  -
D. l e n t i c u l a  -  -  -
D i s s o d i u m  a s y m m e t r i c u m  -  -  -
G l e n o d i n i u m  s p p .  -  -  -
G o n y a u l a x  s p p .  + -  -
G. d i g i t a l e  -  -  -
G. g r i n d l e y i  -  -  -
G. p o l y e d r a  + -  +
G. p o l y g r a m m a  -  -
G. s p i n i f e r a  0 .7  + +
G. t a m a r e n s i s  -  -  -
G. t r i a ç a n t h a  -  -  -
G. v e r i o r  -  -  -
H e t e r o c a p s a  t r i q u e t r a  0 . 6  + +
Katod in ium ro tunda tum  -  -  -
Oblea r o t u n d a t a  -  -  -
P r o ro c e n t ru m  s p p .  -  -  -
P. m icans  2 .0  1 .0  0 .4
P. s c u t e l l u m  -  -  +
P r o t o p e r i d i n i u m  + + +

/ D i p l o p s a l i s  spp .
P r o t o p e r i d i n i u m  spp .  -  -  -
P. b i p e s  -  + -
P. b r e v i p e s  + + +
P. c e r a s u s  + -  +
P. c l a u d i c a n s  -  -  -
P. c o n i c o i d e s  -  -  -
P. d e n t i c u l a t u m  -  -  -
P.  depre ssum -  -  -
P. d iabo lum  -  -  -
P. e x c e n t r i c u m  -  -
P. l e o n i s  -  -  -
P. minutum _ _ -
P. m i t e  -  -  -
P. oblongum + -  -
P. ovatum -  -  -
P. p a l l i d u m  _ _ _
P. p e l l u c i d u m  _ _ -
P. pentagonum _ _ _
P. p y r i f o r m e  + -  -
P. s t e i n i i  -  -  "
P. sub ine rm e  + -  -
P. t h o r i a n u m  _ -  —
S c r i p p s i e l l a  s p p .  0 . 5  + +
TOT. CELL NOS <xlO'^) 4 . 5  4 . 0  4 . 6
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Table 4.4 : Counts of cysts and tintinnids, Creran 1983

Brown G.Poly  S . t r o c h  S.swee B r . r d  Grind s p i n i f  t i n t i n

Date
25-1 -  - -  - -  - -  +
2—2 — — — — — — — +

29-3 -  -  -  + -  -  -  ++
8—4 — — — — — — — 4-
20—4 — — — — — — — 4-
26—4 — — — — — — — 4-
3—5 — — — — — — — +
9-5 -  -  0 . 6  ++ + -  -  3 .0
18—5 - - - - - - -  4 . 2
24—5 — — — — — — — 1 .6 *
1—6 — — — — — — — + + *

7—6 — — — — — — — ++
14—6 — + ++ ++ — — + ++*
21—6 — — — — — — — + +

28—6 + — + — — — + 0 . 6
5—7 — — — — — — — 0 . 5
15—7 — — — — — — — ++
19—7 — — + — — — — 0 .5
26—7 — — + — — — — 1 .0
2—8 +  — +  — — — — + +

11—g — — — — — — — +
17 —8 — — — — — — — +
23—8 — — — — — — — —
31—8 — + + — — + — +
5—9 — + + +E — + — +
9—9 — ++ — — — — — +
14—9 — ++ — — + + — +
23—9 — +/+E — — — + — 0 . 5
28—9 — + — — — — — +
4—10 — — — — + — + +
13-10 -  - -  - -  - - + +
18—10 -  —
27-10 -  +
2—11 -  1 . 1

E = empty c y s t s  * = t i n t i n n i d  c y s t s  p r e s e n t
brown = ?Ep id in ium  shagr inum  G.po ly  = Gonyaulax p o l y e d r a  c y s t s  
S . t r o c h  = S c r i p p s i e l l a  t r o c h o i d e a  c y s t s  S.swee  = S. ?sweeneyae
c y s t s  B r . r d  = Round, brown c y s t s  Gr ind = Gonyaulax g r i n d l e y i
c y s t s  s p i n i f  = s p i n i f e r i t e s  c y s t s  T i n t i n  = t i n t i n n i d s
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T ab le  4 . 5  Numbers o f  c e l l s  pe r l i t r e d u r in g G. t a m a r e n s i s b 1 oom,

S p e c i e s  /  Sample

Cre ran  1983 

U.C. CrBr B.P. C3a CrBr B.P.
1176 1177 1175 1178 1180 1179

?Amphidoma + - - - - -

Cera t ium  l in e a tu m - + + - - -

D inophys is  s p p . + - + - - -
D. a c u m in a t a + - ++ + + +
D. n o r v e g i c a + - + + - -
?D. ovum + - - - - -
D. p u n c t a t a - + - - - -
D. r o tunda tum + — — + + —

D i p l o p s a l i s  l e n t i c u l a - - + - - +
Glenodin ium s p p . 39 .8 15.2 5 .7 14.9 0 .5 0 .9

Gonyaulax s p p . + - - - - +
G. d i g i t a l e + + + + - -
G. g r i n d l e y i - — + - - -
G. polygramma + - - + - -
G. s p i n i f e r a 4 . 5 3 .0 5.2 4 .2 1 .3 0 .5
G. t a m a r e n s i s 16 .5 9 .3 14 .6 14 .6 0 .5 +
G. t r i a ç a n t h a + ++ + ++ + -
G. v e r i o r — + — — — —

H e t e r o c a p s a  t r i q u e t r a 4 .1 4 .8 3.7 3 .3 0 .9 ++

Oblea  r o t u n d a t a + + ++ + + +
P r o ro c e n t ru m  micans + + + + +

P r o t o p e r i d i n i u m 0 .7 ++ 0 .4 + + ++
/ D i p l o p s a l i s  s p p .  

P.  b i p e s + + + + 0 . 6 0 .6
P.  b r e v i p e s 1 .6 1 .2 0 .7 1 .4 0 .4 +
P.  c e r a s u s + + + + +
P.  c l a u d i c a n s - — - - - +
P.  depre ssum - - - — + —
P. d iabo lum - + + + + +
P.  l e o n i s - + + - + +
P.  ovatum - + + — + +
P. pentagonum - + + — + +
P. p y r i f o r m e — + + +
P. s t e i n i i +

S c r i p p s i e l l a  s p p . 10 .2 7 .3 1 5 .5 7 .2 1.8 0 . 6

TOT. CELL NOS (xlO“̂ ) 78 .3 42 .2 4 7 .5 4 6 .6 6 .7 3 .7

S.  î sw eeneyae  c y s t - - - - + -
S.  t r o c h o i d e a  c y s t — + + ~
T i n t i n n i d 0 . 9 2 .3 4 .2 3 .5 0 .9 1 .6
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T ab le  4 . 6 D i s t r i b u t i on o f  c e l l s w i t h  dep th

Date 9-9 9-9 9-9 9-9 9-9
S p e c ie s  /  Depth Cm 2m 4m 8m 18m

Cera t ium  f u r c a + 1 .6 4 .5 1.8 0 .4
C. f u s u s + + 0 .5 ++ +
C. l i n e a tu m + 1 .3 5.1 1 .0 +

D inophys is  s p p . + + ++ + +
D. a c u m in a ta + + + + +
D. n o r v e g i c a + + + + -
D. p u l c h e l lu m - + - - -
D. r o tunda tum — — + - +

D i p l o p s a l i s  spp . - + — + —
D. l e n t i c u l a - + + - +
Dissodium - - - + +

asymmetricum
Glenodinium  s p p . + + — — +

Gonyaulax g r i n d l e y i + + + + +
G. p o l y e d r a 11 .4 97 .5 148.0 42 .0 25 .0
G. s p i n i f e r a ++ 1 .5 2 .7 1.1 0 .5
G. t r i a ç a n t h a - - - - +
G. v e r i o r + ++ ++ ++ +

H e t e r o c a p s a + + - - -
t r i q u e t r a

Oblea r o t u n d a t a + + ++ + +
P r o ro c e n t ru m  s p p . - + - + -
P. micans 0 .4 1.2 1 .3 0 .7 0 .5
P. s c u t e l l u m + ++ 0 . 6 ++ +

P r o t o p e r i d i n i u m + + ++ + +
/ D i p l o p s a l i s  s p p .

P r o t o p e r i d i n i u m  spp . — + +
P. b i p e s + — —
P. b r e v i p e s 0 .5 0 . 6 0 .8 1 .0 1.1
P.  c e r a s u s + + \ ++ + +
P.  d e n t i c u l a t u m - - - + -
P.  d iabo lum - - - + —
P. e x c e n t r i c u m - - + — —
P. l e o n i s - + + — —
P. minutum - - + — —
P. m i t e + + + — —
P. oblongum - — — — —
P. ovatum — + +
P. p a l l i d u m - + —
P. p e l l u c id u m —
P. pentagonum —
P. p y r i f o r m e —
P. s t e i n i i - + + + +
P.  sub ine rm e — + + + +

S c r i p p s i e l l a  s p p . 1 .2 0 . 5 0 . 6 + +

TOT. CELL NOS.CxlO"*^;> 14 .8 106.7 166.1 4 9 . 6 28.
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Table 4.6 cont..

Date 14-9 14-9 14-9 14-9 14-9 14-9 28-9 28-9
S pe c ie s  /  Depth Cm 2m 4m 8m 12m 18m 2m 19m

Cera t ium  f u r c a + 1.1 0 .8 ++ + 3 .1
C. f u s u s + + 0 .8 + + + 0 . 4 _
C. l i n e a t u m — + 1.9 ++ - + 0 .9 -

D inophys is  s p p . - + ++ — + _ +
D. a c u m in a ta + + + + - - + -
D. n o r v e g i c a - + + + + + + -
D. p u l c h e l lu m - - - - - - - +
D. r o tunda tum — + + + - + + -

D i p l o p s a l i s  s p p . - + — + _ + +
D. l e n t i c u l a - + + + - + - —
Dissodium - + + - - - - -

asymmetr icum
Glenodin ium s p p . + — — — - - - -

Gonyaulax g r i n d l e y i - ++ ++ + — + + —
G. p o l y e d r a 0 .7 5.7 25 .6 13 .6 3 .8 2 .8 0 .8 -
G. s p i n i f e r a 0 . 4 4 .5 8 . 6 1 .4 ++ + 0 .5 -
G. t r i a ç a n t h a - - - - - - - -
G. v e r i o r — ++ 0 .9 + + - ++ -

H e t e r o c a p s a + + + + - + + +
t r i q u e t r a

Oblea r o t u n d a t a + + 0 .8 ++ + - + —
P r o ro c e n t ru m  s p p . - - + - + - - -

P.  m icans ++ 5 .9 3 .8 0 .7 + + 2 .7 -
P. s c u t e l l u m - + ++ ++ + — + -

P r o t o p e r i d i n i u m + 1.2 0 .7 0 .4 + + + -
/ D i p l o p s a l i s  s p p .

P r o t o p e r i d i n i u m  spp • — — - — - — — —
P. b i p e s + + + — + — + +
P. b r e v i p e s 1 .5 1 .2 1 .8 1 . 6 0 .8 1 .8 ++ 0 . 5
P. c e r a s u s ++ ++ ++ ++ + + + +
P. d e n t i c u l a t u m - - - - - - -
P.  d iabo lum - - + - - - - -
P. e x c e n t r i c u m — - - - - - — —

P. l e o n i s - + + + + + + —
P. minutum - - - - + — + —
P. m i t e - + + - -  ■ - — —
P. oblongum — - -! - — — + —

P.  ovatum - — — +

P.  p a l l i d u m - — - - - — — —

P.  p e l l u c i d u m — — — +

P. pentagonum — — — +

P.  p y r i f o r m e - — + —

P.  s t e i n i i + + + + + , + + +

P.  sub ine rm e -  , + + +  ■ +

S c r i p p s i e l l a  s p p . 1.1 0 .7 + + + ■ i f i - 1 + 0 . 5 +

TOT. CELL NOS.(xl(f t 4 . 6 24 .8 47 .8 20.1 5 .6 5 .7 10 .5 0 . 9
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CHAPTER 5

SEASONAL ASPECTS OF DINOFLAGELLATE CYSTS IN LOCH CRERAN

INTRODUCTION

This  c h a p t e r  w i l l  c ove r  the  s t a g e s  of  encystment  and 

excys tm en t  of  the  d i n o f l a g e l l a t e  l i f e - c y c l e  so f a r  as  they can be 

obse rved  i n  t h e  s e a - l o c h  env i ronm en t .  During t h i s  s tudy  

l a b o r a t o r y  e x p e r i m e n t s  have only been c a r r i e d  o u t  on excystment  

and t h e s e  a r e  r e p o r t e d  i n  Chapter  8 .

I t  seems l i k e l y  t h a t  the  d i n o f l a g e l l a t e  r e s t i n g  c y s t  i s  a 

hypnozygo te  i n v o lv e d  i n  the  d i n o f l a g e l l a t e  sexua l  c y c l e .  Only 

r e c e n t l y  has  the  im por tance  of  sexua l  r e p r o d u c t i o n  i n  

d i n o f l a g e l l a t e s  been r e a l i s e d ,  w i t h  the  work o f  von S tosch  and 

more r e c e n t l y  P f e i s t e r  (on f r e s h w a t e r  s p e c i e s ) .  So f a r  t h r e e  

t y p e s  o f  c y c l e  have been  d e s c r i b e d .  I n  some s p e c i e s  the  z y g o te  

i s  m o t i l e  t h r o u g h o u t  (p la n o z y g o te  ) and no c y s t  i s  formed ( e . g .  

Ce ra t ium  h o r r i d u m ; von S t o s c h ,  1972) .  I n  o t h e r  s p e c i e s  t h i s  

z y g o te  l o s e s  m o t i l i t y  and forms a  temporary  r e s t i n g  c y s t  ( e . g .  

H e l g o la n d i n iu m  subg lobosum ; von S t o s c h ,  1972) .  I n  t h e  f i n a l  

group  of  s p e c i e s  t h e  z y g o te  forms a r e s t i n g  c y s t  (hypnozygo te )  

w i th  a r e s i s t a n t  w a l l  ( e . g .  Gonyaulax m o n i l a t a ; Walker  and 

S t e i d i n g e r ,  1 9 7 9 ) .  Dale  (1976)  f i r s t  su g g e s t e d  t h a t  r e s t i n g  

c y s t s  and f o s s i l  c y s t s  were h y p n o z y g o te s . He r e p o r t s  

o b s e r v a t i o n s  c o n s i s t a n t  w i t h  t h i s  f o r  P e r id i n iu m  f a e r o e n s e  (D a le ,  

1977)  and o t h e r  d i n o f l a g e l l a t e s  he has exc y s t e d  (D a le ,  1 9 83 ) .  

F u r t h e r  work  on s t a g e s  l e a d i n g  up to  encys tm ent  i s  r e q u i r e d  t o  

c l a r i f y  t h i s  p i c t u r e .

O c c a s i o n a l  o b s e r v a t i o n s  of  n a t u r a l  e ncys tm en t  by 

p a l y n o l o g i s t s  such as  E v i t t  and Davidson (1964)  l e d  t o  t h e  

deve lopment  of  t h e  " c o n t r a c t i o n a l  g rowth"  h y p o t h e s i s  f o r  c y s t  

f o r m a t i o n .  T h i s  i m p l i e s  comple te  f o rm a t io n  o f  t h e  c y s t
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( i n c l u d i n g  any p r o c e s s e s )  i n s i d e  the  i n t a c t  t h e c a .  Th is  i d e a  was 

deve loped  i n  t h e  g e o l o g i c a l  l i t e r a t u r e  to  t h e  e x t e n t  of b e i n g  t h e  

b a s i s  of  a s im p l e  c y s t  c l a s s i f i c a t i o n  i n t o  p rox im a te  c y s t s  

( formed c l o s e  i n s i d e  the  w a l l s  of the  p a r e n t a l  t h e c a )  and c h o r a t e  

c y s t s  ( formed w e l l  away from t h e  w a l l s  of  the  p a r e n t a l  t h e c a ) .  

O b s e r v a t i o n s  on modern e n c y s t i n g  p o p u l a t i o n s  have no t  s u p p o r t e d  

t h i s  t h e o r y  ( N o r d l i ,  1951;  Bibby and Dodge, 1972; Chapman e t  a l . ,  

1982 and D a l e ,  1 9 83 ) .  O b s e r v a t i o n s  i n  t h i s  s tudy  a l s o  su p p o r t  

the  c o n t e n t i o n  t h a t  the  c y s t  body does no t  c o n t r a c t  as i t s  

p r o c e s s e s  l e n g t h e n ,  r a t h e r  t h a t  t h e s e  h e lp  to  b r e a k  up the  theca  

as  t h e  c y s t  expands ( P I .  5 . 1 ,  f i g . l ) .

A f t e r  t h e i r  o b s e r v a t i o n s  of t h e  h a t c h i n g  o f  d i n o f l a g e l l a t e  

c y s t s  Wall and Dale  (1968a)  produced a scheme of  the  

d i n o f l a g e l l a t e  l i f e - c y c l e  i n c l u d i n g  a c y s t  s t a g e .  Th is  was 

e l a b o r a t e d  by Dale  (1983)  and i s  rep roduced  i n  F i g u re  5 . 1 .

Most s t u d i e s  of  t h e  mechanism o f  encys tment  have r e l i e d  on 

l i g h t  m i c r o s c o p e  o b s e r v a t i o n s  ( e . g .  Walker and S t e i d i n g e r ,  1 9 79 ) .  

I n  g e n e r a l  t h e  p l a n o z y g o t e  seems to  l o s e  m o t i l i t y ;  t h e  c y s t  w a l l  

may t h i c k e n  and  t h e  cy top la sm  accum ula tes  p e r i p h e r a l  l i p i d  

g l o b u l e s  and more c e n t r a l i z e d  pigmented g l o b u l e s .  As the  c y s t  

m a tu r e s  g l o b u l e s  may become s m a l l e r  and t h e  cy top lasm  d a rk e n s  (o r  

l o s e s  p i g m e n t a t i o n  i n  some c a s e s )  and p u l l s  away from t h e  c e l l  

w a l l .  The re  have been  few e l e c t r o n  m i c r o s c o p i c a l  s t u d i e s  o f  t h i s  

p r o c e s s .  T h i s  i s  p robab ly  b e c a u s e  of  d i f f i c u l t i e s  w i t h  f i x i n g  

and s t a i n i n g  such a r e s i s t a n t  body and a l s o  l a c k  o f  e a s i l y  

a v a i l a b l e  m a t e r i a l .  E l e c t r o n  m ic r o sc o p e  s t u d i e s  by Bibby and 

Dodge (1972)  and Chapman e t  a l .  (1982)  a l s o  s u g g e s t  t h a t  t h e r e  i s  

some r e o r g a n i s a t i o n  o f  c n l l  c o n t e n t s . Th i s  i n v o l v e s  b u i l d - u p  of 

s t o r a g e  p r o d u c t s  ( e . g .  s t a r c h ,  l i p i d s ) ;  r e d u c t i o n  o f  o thex  c e l l  

components  ( e . g .  c h l p r o p l a s t s ) and f o r m a t i o n  o f  a r e s i s t a n t  w a l l .
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Figure 5.1 : Schematic diagram of dine- 
f lagel late  sexual cycle, af ter  Dale 
(1983)

M otile  planktonxc v e g e ta t iv e  stage  ( l ) ,  producing gametes 
(2 ) p a ir s  o f W iich fu se  to  g iv e  p lanozygote ( 3 ) ,  This 
e v e n tu a lly  lo s e s  m o t i l i t y  and c y s t  form ation beg in s (4 ) and 
may proceed (5 ) by expansion ra th er than co n tra ctio n  o f c y s t ,  
producing r e s t in g  c y s t  (hypnozygote) ( 6 ) .  Excystment (?) 
may produce a p lanozygote comparable w ith  ( 5 )> which by red
u c t io n  d iv is io n  (9 ) r e e s ta b lis h e s  p lankton ic v e g e ta tiv e  stage  
( 1 ) ,  or in  o th er s p e c ie s  the red u ction  d iv is io n  i s  completed  
during en cy stn en t, a llow in g  d ir e c t  re estab lish m en t o f stage  
( 1 ) .  (Based la r g e ly  on work by von S tosch)
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D e t a i l e d  o b s e r v a t i o n s  of encystment  i n  t h e  n a t u r a l  

env i ronm en t  a r e  s c a r c e .  Th is  i s  p robab ly  b e c au s e  of  the  s h o r t  

p e r i o d  o f  c y s t  p r o d u c t i o n ,  the  r a p i d  s i n k i n g  o f  c y s t s  and because  

the  p r o p o r t i o n  o f  c y s t s  to  c e l l s  can be v e ry  s m a l l  ( e . g .  1:500

f o r  Gonyaulax d i g i t a l e ; D a le ,  1976 ) .  The f i r s t  d e t a i l e d  r e p o r t  

was t h a t  o f  N o r d l i  ( 1 9 5 1 ) .  He obse rved  an  e n c y s t i n g  p o p u l a t i o n  

of  Gonyaulax p o l y e d r a  i n  l a t e  September  i n  Dr0bak Sound,

O s l o f j o r d .  The d i n o f l a g e l l a t e  p o p u l a t i o n  d e s c r i b e d  (no t  u n l i k e  

t h a t  of  Loch C re ra n  a t  t h i s  t ime of y e a r )  was dominated by 

C era t ium  f u r c a  (171 ,000  c e l l s  per  1)  and G. p o ly e d r a  (159 ,200 

c e l l s  per  1)  w i t h  numerous P ro rocen t rum  micans  a l s o  p r e s e n t .  To 

d e t e r m i n e  c y s t  d i s t r i b u t i o n ,  samples  were  c o l l e c t e d  from a number 

of  s t a t i o n s  and a t  a number of d e p t h s .  N o r d l i  found t h a t  

p e r c e n t a g e  c y s t  o c c u r r e n c e  i n c r e a s e d  down to  t h e  t h e r m o c l in e  and 

t h a t  few c y s t s  were  found below t h i s .

Wall and Dale  (1968a)  show annual  g raphs  of  c y s t s  and c e l l s  

of t h r e e  s p e c i e s  (Gonyaulax d i g i t a l e , G. g r i n d l e y i  and 

P r o t o p e r i d i n i u m  oblongum) . They c onc lude  t h a t  c y s t  f o rm a t io n

t a k e s  p l a c e  towards  the  end o r  a f t e r  a p e r io d  o f  e x p o n e n t i a l  

g row th .  More r e c e n t l y  Anderson,  Chisholm and Watras  (1983)  

f o l l o w e d  t h e  d e c l i n e  o f  Gonyaulax t a m a r e n s i s  blooms i n  s a l t  ponds 

w i t h  a c o r r e s p o n d i n g  r a p i d  i n c r e a s e  of  new c y s t s  i n  t h e  s u r f a c e  

l a y e r  of  the  s e d i m e n t s .  I n  t h e  two y e a r s  documented t h e

r e c r u i t m e n t  of  c y s t s  to  t h e  s ed im en ts  was m arked ly  d i f f e r e n t  and 

seemed t o  be  d e p e n d en t  on p o p u l a t i o n  s i z e  of the  m o t i l e  c e l l s .

Dale  (1983)  d i s c u s s e s  s e a s o n a l  p a t t e r n s  o f  c y s t  f o r m a t i o n .  

He d e s c r i b e s  two w e l l - d e f i n e d  p a t t e r n s  o f  c y s t  f o r m a t i o n : -

1 .  Cys t  f o r m a t i o n  i n  l a t e  s p r i n g  /  e a r l y  summer a f t e r  the  

s p e c i e s  r e a c h e s  maximum abundance in  t h e  s p r i n g  ( e . g .  

P e r i d i n i u m  f a e r o e n s e ;  B a l e ,  1977b)
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2 .  Cys t  f o r m a t i o n  i n  t h e  l a t e  summer /  autumn a f t e r  s p e c i e s  

r e a c h e s  maximum abundances  i n  the  sunnner ( e . g .  Gonyaulax 

p o l y e d r a ; N o r d l i ,  1951;  Gonyaulax d i g i t a l e ; Wall and D a le ,  1968a)

He a l s o  t e n t a t i v e l y  d e s c r i b e s  a f u r t h e r  two c a t e g o r i e s

3 .  S p e c i e s  w i t h  two annual  peaks  of  abundance,  w i t h  c y s t  

f o r m a t i o n  a f t e r  each peak  ( u s u a l l y  s p r i n g  and autumn) ( e . g .  

Gonyaulax t a m a r e n s i s ; Anderson and More l ,  1979)

4 .  S p e c i e s  w i t h  s p o r a d i c  abundances  and c y s t  f o r m a t i o n  s p read  

over  s p r i n g ,  summer and autumn ( e . g .  S c r i p p s i e l l a  t r o c h o i d e a ; 

Da le ,  1983)

What i n d u c e s  c y s t  f o rm a t io n ?  E a r ly  workers  assumed t h a t  i t  

was i n  r e s p o n s e  to  u n f a v o u r a b l e  c o n d i t i o n s .  However,  l a b o r a t o r y  

o b s e r v a t i o n s  (Wall e t  a ^ . , 1970; Morey-Gaines and Ruse,  1980) and 

r e c e n t  r e s e a r c h  by Anderson ^  a l .  (1983)  s u g g e s t s  t h a t  t h i s  i s  

n o t  t h e  c a s e .  P o p u l a t i o n s  of  Gonyaulax t a m a re n s i s  obse rved  i n  

s a l t - p o n d s  became e n c y s t e d  i n  a p p a r e n t l y  i d e a l  growth  c o n d i t i o n s  

w i t h o u t  any obv ious  e n v i r o n m e n ta l  s t i m u l u s ;  Th is  s u g g e s t s  t h a t  

e ncys tm en t  may j u s t  be  a r o u t i n e  s t a g e  in  t h e  l i f e - c y c l e .  I f  

c y s t s  a r e  hypnozygo te s  t h e n  t o  answer t h i s  q u e s t i o n  i t  may be 

more a p p r o p r i a t e  to  look  a t  the  f a c t o r s  i n f l u e n c i n g  sexua l  

r e p r o d u c t i o n .  What a d va n ta ge s  c y s t  p r o d u c t i o n  may c o n f e r  a r e  

d i s c u s s e d  i n  C ha p te r  8 .

A f t e r  a  m anda tory  dormancy p e r i o d  ( a l s o  d i s c u s s e d  i n  Chap te r

8 )  c y s t s  a r e  c a p a b l e  of  r e t u r n i n g  t o  t h e  m o t i l e  t h e c a t e  s t a g e .

I f  i n d e e d  t h e r e  a r e  any e n v i ro n m en ta l  t r i g g e r s  i t  i s  no t  c l e a r  

what  t h e y  a r e .  L a b o r a t o r y  s t i m u l a t e d  e xcys tm en t  has  f r e q u e n t l y

been o b s e r v e d ,  m o s t l y  f o r  the  purpose  of  e s t a b l i s h i n g  c y s t —thec a

r e l a t i o n s h i p s  and t h i s  p r o c e s s  i s  d e s c r i b e d  i n  Chap te r  8 .  

S t u d i e s  o f  eccys  tment  i n  t h e  env ironment  a r e  r a r e  * Anderson e t  

a l .  (1983)  n o t e d  t h e  im por tance  of  excystment  in  p r o v i d i n g  an
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inocu lum f o r  f u t u r e  growth of  Gonyaulax t a m a r e n s i s  p o p u l a t i o n s .  

They f o l l o w e d  G. t a m a r e n s i s  excystment  by o b s e r v a t i o n  o f  

p l a n o m e io c y te s  ( r e c e n t l y  e x c y s t e d  c e l l s )  i n  t h e  w a t e r  column.

They a l s o  n o t e  t h a t  a l a r g e  p o p u l a t i o n  o f  v i a b l e  c y s t s  remained

in  t h e  bo t to m  s e d im e n ts  and were a v a i l a b l e  f o r  f u t u r e  y e a r s .

The m os t  d e t a i l e d  s tu d y  of excystment  i n  s i t u  i s  t h a t  of

Heaney,  Chapman and Morison (1983)  on t h e  f r e s h w a t e r  

d i n o f l a g e l l a t e  C e ra t ium  h i r u n d i n e l l a . They fo l lowed  t h e  changes 

in  t h e  b e n t h i c  c y s t  p o p u l a t i o n  ( t h e  a ppe a re nce  of  empty c y s t s )  

and m o n i t e r e d  t h e  a p p e a r e n c e  of  p r e - c e r a t i u m  ( r e c e n t l y  e x c y s t e d )  

c e l l s  i n  t h e  w a t e r  column.  T h e i r  f i n d i n g s  p rov ide  s t r o n g  ev id e n c e  

t h a t  e x c y s tm en t  d e l i v e r e d  t h e  inoculum f o r  the  summer growth of 

the  p o p u l a t i o n .  T h e i r  c a l c u l a t i o n s  show t h a t  a v e r y  s m a l l  

p r o p o r t i o n  o f  t h e  e n c y s t e d  p o p u l a t i o n  (<0.5%) was r e q u i r e d  t o

g ive  a s u i t a b l e  inocu lum .

S i m i l a r  c a l c u l a t i o n s  have been  c a r r i e d  o u t  f o r  the  m a r in e  

env ironm en t  by S t e i d i n g e r  and Haddad (1981)  f o r  an u n s p e c i f i e d  

red  t i d e  d i n o f l a g e l l a t e .  They s t a t e  t h a t  " T h e o r e t i c a l l y ,  c y s t  

d e n s i t y  i n  t h e  s e d im e n t s  can be as  low as  4 c y s t s  cm** t o  seed a 

2km^ a r e a  w i t h  a 10m d e p th  to  a c e l l  d e n s i t y  o f  24 ,576  c e l l s  

l i t r e ’* ( d i v i s i o n  r a t e  o f  0 . 5  day’*, 14 days to  d e v e l o p ,  50% 

m o t i l i t y  s u c e s s ) . "  There a p p e a r s ,  however to  be  a  m ajor  e r r o r  in  

t h e i r  c a l c u l a t i o n  s i n c e  the  g iven  pa ram ete rs  p r e d i c t  a f i n a l  

c o n c e n t r a t i o n  o f  2 ,193  c e l l s  per  l i t r e .

R e id  (1972b)  sampled sed im e n ts  on a s e a s o n a l  b a s i s  to  s ee  i f  

t h e r e  was any change  i n  t h e  p a l y h o l o g i c a l  as sem blage  th rough  th e  

y e a r  a t  N e s ton  on t h e  Dee e s t u a r y .  He found l i t t l e  v a r i a t i o n  i n  

th e  d i n o f l a g e l l a t e  c y s t  assemblage  a l t h o u g h  he  does  n o t e  an 

i n c r e a s e  i n  t h e  number o f  c y s t s  w i t h  p ro to p la sm  ( p a r t i c u l a r l y  of 

I m p l e t o s p h a e r i d i u m  i n s o l i t u r n ) i n  t h e  autumn.  Any new a d d i t i o n s  

to  t h e  s e d im e n t  a ppeared  t o  be  q u i c k l y  mixed  i n t o  t h e  e x i s t i n g  

a s s e m b la g e .  _
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To examine the  p r o c e s s  of  encystment  and excys tm en t  w a t e r  

samples  and se d im e n t  samples  were t aken  on a r e g u l a r  b a s i s  from 

Loch C r e r a n .  I t  was f e l t  t h a t  the  e n c lo s e d  s e a - l o c h  s i t u a t i o n  

was a s u i t a b l e  p l a c e  to  examine the  c y c l e s  between sediment  and 

w a t e r  column.

METHODS

Water  column

Methods u s e d  f o r  w a t e r  column sampling a r e  d e s c r i b e d  i n  

C hap te r  2 .  The d a t a  d i s c u s s e d  i n  t h i s  Chap te r  a r e  t h a t  o b t a i n e d  

d u r in g  1982-83 i n  Loch C r e r a n .  Samples were taken  weekly  a t  2m 

between l a t e  s p r i n g  and autumn and month ly  d u r i n g  th e  w i n t e r .  

During t h e  Gonyaulax p o ly e d r a  bloom i n  1983 samples  were  taken  

from a number of  d e p t h s .

Sed iments

I n  1983 r e g u l a r  s ed im en t  sampl ing  was c a r r i e d  o u t  a t  s t a t i o n  

C5 ( F i g .  4 . 3 )  i n  Loch Cre ran  a s  d e s c r i b e d  i n  Cha p te r  2 .  The 

f i r s t  sample was a 5cm c o re  t a k e n  i n  F e bruary  and was f o r m a l i n  

p r e s e r v e d .  Two-weekly sam pl ing  was c a r r i e d  o u t  from t h e

b e g i n n i n g  o f  A p r i l .  I n i t i a l l y  5cm c o r e s  were t aken  and s t o r e d  a t  

4 ® C .  However ,  i t  was d e c ide d  t h a t  to  make d e t e c t i o n  more

s e n s i t i v e  i t  would  be more a p p r o p r i a t e  to  examine j u s t  the  top 

s u r f a c e  o f  c o r e s .  A c c o rd in g ly  1cm c o r e s  were  t aken  from t h e  

b e g in n i n g  o f  May. To e n s u r e  t h e r e  was no problem w i t h  anomalous 

h a t c h i n g  o f  c y s t s  due to  removal  from t h e  env i ronm en t ,  h a l f  of  

t h e s e  1cm c o r e  samples  were  p r e s e r v e d  i n  f o r m a l i n .  Sampling 

c o n t i n u e d  i n  t h i s  f a s h i o n  u n t i l  t h e  end o f  O c to b e r .  Counts  of 

mud sam ples  w ere  made as  d e s c r i b e d  i n  Cha p te r  2 .  The most  

numerous c y s t  t y p e  i n  Loch Cre ran  sed im en ts  i n  t h e  s i z e  range

c oun te d  was t h a t  of  Gonyaulax p o l y e d r a  (L in gu lod in ium

m achaerophorum) . These  w ere  t h e  m os t  e a s i l y  c o u n te d  c y s t s
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be c au se  of t h e i r  s i z e ,  th e  p re se n c e  of a red  pigm ented body and 

th e  e a se  of i d e n t i f i c a t i o n .  T h e re fo re  to  fo l lo w  th e  s e a s o n a l  

c y c le  c o u n ts  w ere  made of th e  1cm c o re s  e x c lu s i v e l y  of

G. p o ly e d ra  and betw een 150 and 200 c y s t s  were coun ted  pe r

sam p le .  S c r i p p s i e l l a  c y s t s  w ere  no t counted  because  of t h e i r  

sm all  s i z e  w hich  m eant t h a t  a p r o p o r t io n  o f  them were washed 

th rough  th e  s i e v e s .

RESULTS

Water column

Counts o f  m o t i l e  t h é c a t e  c e l l s  a r e  g iven  i n  C hap te r  4 .

T a b le s  a r e  a l s o  g iv e n  i n  C hap te r  4 o f  c y s t  numbers in  th e

p la n k to n  sam ples  (T a b le s  4 .2  and 4 . 4 ) .  I n  a d d i t i o n  Table 5 .1

shows c y s t  d i s t r i b u t i o n  w i th  d e p th  a t  th e  time o f  the  Gonyaulax 

p o ly e d ra  b loom . As can be seen  from th e  t a b l e s ,  c y s t s  of 

S c r i p p s i e l l a  s p p .  and G. p o ly e d ra  were th e  m ost f r e q u e n t l y

e n c o u n te re d  i n  th e  w a te r  column d u r in g  1982-83 . Graphs of t h e i r

o c c u r r e n c e s  a r e  g iv en  i n  F ig u re s  5 .2  -  5 . 5 .  Graphs of the

d i s t r i b u t i o n  w i t h  d e p th  a r e  g iven  i n  F ig u re  5 .6 .

The o c c u r r e n c e  of S c r i p p s i e l l a  c y s t s  th ro u g h o u t  the  y e a r  

was s p o r a d ic  and was n o t  c l e a r l y  l in k e d  w i th  numbers p f  t h e c a te  

m o t i l e  s t a g e s  p r e s e n t  ( F i g s .  5 .2  -  5 . 3 ) .  T h is  i s  perhaps because  

o f  th e  h e t e r o g e n e i t y  of  t h i s  group ( se e  C hap ter  3 ) .  Two ty p es  of 

c y s t s  w ere  r e c o g n i s e d  i n  th e  w a te r  sam p les ,  th o s e  o f  S c r i p p s i e l l a  

t r o c h o i d e a  ( P I .  5 . 1 ,  f i g . l )  and th o s e  of S c r i p p s i e l l a  ?sweeneyi 

( P I .  5 . 1 ,  f i g . 2 ) .

On th e  o t h e r  hand th e  o c c u r r e n c e  of Gonyaulax p o ly é d ra  c y s t s  

(L in g u lo d in iu m  mac h a e ro p h o ru p ) cl e a r l y  happened a f t e r  a p e r io d  o f  

e x p o n e n t i a l  g row th  o f  th e  t h e c a t e  s t a g e s .  C y s ts  w ere  p r e s e n t  

th ro u g h o u t  th e  w a te r  colum n. T h e i r  abundance i n c r e a s e d  w i th  

d e p th  p e a k in g  below th e  h a l o c l i n e  (below t h e  maximum abundance of
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Figure 5.2 : Numbers of Scrippsiella spp., 1982
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Figure 5.4: Numbers of Gonyaulax  poly ed ra . 1902
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Figure 5.5: Numbers of Gonvaulax oolvedra. 1983

—  Motile cells

—  Cysts

Empty cyst p resen t

30-

T I M E



- 142 -

Table  5 .1  : D i s t r i b u t i o n  o f  c y s t s  w i th  dep th  d u r in g  Gonyaulax

p o ly e d ra  bloom

F u l l  Empty

Date Depth G. p o ly e d r a  G. p o ly e d ra  Round G. g r in d l e y i  

c y s t s  c y s t s  brown c y s ts

9-9 0 + -  +

2 + +  — — —

4 + — — +

8 0 .5  -  -

18 0 .5  -  -  +

14-9 0 + -  +

2 + +  -  +  +

4 0 .9  + -

8 1 . 8  +  -

12 1 .7  + +

18 0 .7  + +

28-9 2 + -  -

19
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PLATE 5 .1  

A l l  f i g u r e s  a r e  S .E .M .s

F i g . l  : S ide  v iew  o f  a r e c e n t l y  e n c y s te d  S c r i p p s i e l l a

t r o c h o id e a  c e l l ,  c y s t  30 jm  a c r o s s ;  Loch C re ra n  w a t e r  

s a m p le .

F i g , 2 : View o f  two r e c e n t l y  e n c y s te d  S c r i p p s i e l l a  ? sw eeneyae

c e l l s ,  c y s t s  31 a c r o s s ;  Loch C re ran  w a t e r  s a m p le .

F i g . 3 : L in g u lo d in iu m  m achaerophorum (G onyaulax  p o l y e d r a ) ,

showing l i t t l e  e v id e n c e  of s p i n e s ,  40 jjm a c r o s s ;  Loch 

C re ra n  w a te r  sample ( 9 / 9 / 8 3 ) .

F i g . 4 : L in g u lo d in iu m  m achaerophorum (Gonyaulax p o l y e d r a ) , w i th  

s p in e s  of  m o d e ra te  l e n g t h ,  41 pra a c r o s s  ( e x c l u d in g  

s p i n e s ) .  Loch C re ran  w a te r  sample ( 9 / 9 / 8 3 ) .

F i g . 5 : L in g u lo d in iu m  machaerophorum (Gonyaulax p o l y e d r a ) ,  w i th  

long  and c u r l y  s p i n e s ,  39 ^  a c r o s s  ( e x c l u d in g

s p i n e s ) .  Loch C re ran  w a te r  sample ( 9 / 9 / 8 3 ) .

Fig» 6 : D e t a i l  o f  s p in e s  of L in g u lo d in iu m  m achaerophorum

(Gonyaulax p o l y e d r a ) shown i n  F i g . 5 ,  x 3024 ; Loch 

C re ra n  w a te r  sample ( 9 / 9 / 8 3 ) .
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t h e c a t e  s t a g e s )  ( F i g .  5 . 6 ) .  The s p in e  l e n g th  o f  th e  c y s t s  formed

v a r i e d  from  l^im t o  20 îm ( P l ,  5 . 1 ,  f i g s . 3—6) a l th o u g h  most were

around  12;im i n  l e n g t h .  W a ll ,  D ale  and Harada (1973) d e s c r i b e

c l a v a t e  s p in e s  on L in g u lodin ium  machaerophorum c y s t s  formed i n  
C

low s a l i i ^ t y  e n v i r o n m e n t s .  These  w ere  n o t  o b se rv ed  i n  t h i s  s t u d y .

G onyau lax  g r i n d l e y i  (O p ercu lo d in iu m  c e n t ro c a rp u m ) was the  

m ost f r e q u e n t  o f  th e  o t h e r  c y s t s  o c c a s i o n a l l y  e n c o u n te r e d .  I t  

was found  i n  l a t e  August /  Septem ber of 1983 d u r in g  and a f t e r  th e  

peak i n  numbers o f  th e  t h e c a t e  s t a g e  a t  th e  end o f  A u g u s t .  In  

1983 ro u n d ,  brown c y s t s  and *s p i n i f e r i t e s ' - t y p e  ( s e e  C h a p te r  3) 

c y s t s  w e re  a l s o  s e e n .

T i n t i n n i d  c y s t s  w ere  n o te d  i n  sam ples a f t e r  t h e i r  peak i n  

numbers a t  th e  end o f  May /  b e g in in g  o f  June  a l th o u g h  th ey  were 

n o t  e n u m e ra te d .

S ed im en ts

F i g u r e  5 .7  shows th e  p e rc e n ta g e  empty c y s t s  i n  t h e  1cm 

s a m p le s .  As can be seen  i n  t h i s  f i g u r e  th e  c o u n ts  made on th e  

u n p r e s e r v e d  se d im e n t  a l l  show g r e a t e r  p e rc e n ta g e s  of empty c y s t s  

th an  w ere  found i n  th e  p r e s e r v e d  s e d im e n t .  A l l  th e  c o u n ts  w ere  

c a r r i e d  o u t  a t  Royal Holloway C o l le g e  a f t e r  sam ples had been 

t r a n s p o r t e d  from  S c o t l a n d .  I t  i s  p o s s i b l e  t h a t  in  t r a n s i t  th e y  

were s u b j e c t e d  t o  an i n c r e a s e  in  t e m p e ra tu re  and some h a tc h i n g  

may have  t a k e n  p l a c e .

Both c u rv e s  have  ro u g h ly  th e  same s h a p e .  T here  w ere  alw ays 

empty c y s t s  p r e s e n t  in  th e  s e d im e n ts  p ro b ab ly  from p r e v io u s  

y e a r s .  T h e re  was a sm a l l  i n c r e a s e  in  th e  numbers of empty c y s t s  

a t  t h e  end o f  June  a l th o u g h  t h i s  co u ld  h a v e  b een  sam ple v a r i a t i o n  

r a t h e r  th a n  e v id e n c e  o f  e x c y s tm e n t .  The m ost  n o t i c e a b l e  change 

was d u r in g  Sep tem ber when th e  p e rc e n ta g e  of empty c y s t s  d ropped
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Figure 5.6: Distribution with depth of
Gonyaulax polyedra. 1983
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d r a m a t i c a l l y ,  b e c a u s e  of  r e c r u i t m e n t  o f  newly formed c y s t s  to  th e  

s e d im e n t .  T hese  w ere  n o t i c e a b l e  b e c a u s e  o f  t h e i r  b r i g h t l y  

p igm en ted  r e d  s p o t  and l a c k  o f  d e b r i s  c o l l e c t e d  a round  th e

s p i n e s .  T h e i r  c y to p la s m  had n o t  d a rk e n e d  a s  i n  more m a tu re

c y s t s .

DISCUSSION

I t  was n o t  p o s s i b l e  to  f o l lo w  a f u l l  c y c le  of e v e n ts  f o r  the  

S c r i p p s i e l l a  s p p .  b e c a u s e  o f  th e  d i f f i c u l t i e s  of a s s e s s i n g  t h e i r  

numbers i n  t h e  s e d im e n t s .  I n  a d d i t i o n  th e  taxonom ic d i f f i c u l t i e s  

in  s e p a r a t i n g  t h e  t h e c a t e  c e l l s  i n t o  s p e c i e s  ( s e e  C h ap te r  3) mean 

t h a t  c y s t  f o r m a t io n  ca n n o t  be  r e l a t e d  t o  s p e c i e s  num bers. T h is  

g roup  p r o v id e s  an  e x c e l l e n t  example o f  how som etim es c y s t s  a r e  

more e a s i l y  d e f i n e d  th a n  t h e i r  m o t i l e  s t a g e s .  Encystm ent of two 

s p e c i e s  (on th e  b a s i s  of c y s t  ty p e s  S c r i p p s i e l l a  t r o c h o i d e a  and 

S c r i p p s i e l l a  ? sw e e n ey a e ) was n o te d  o c c a s i o n a l l y  in  s p r i n g ,  summer 

and autum n o f  b o th  y e a r s .  These  s p e c i e s  would  f i t  i n t o  D a l e ' s  

(1983) c a t e g o r y  o f  s p e c i e s  w i th  s p o r a d ic  abundances  and c y s t  

f o r m a t io n  s p re a d  o v e r  s p r i n g ,  summer and au tum n. T h is  c o n f i rm s  

th e  s p e c i e s  he c i t e s  a s  an  example o f  t h i s  ( S c r i p p s i e l l a

t r o c h o i d e a ) . A l th o u g h  P e r id in iu m  f a e r o e n s e  has  been  found  i n  

w a te r  sam p les  no c y s t s  of t h i s  type  ( Im p le to s p h a e r id iu m

b i f u r c a t u m )  w ere  n o t e d ,  p ro b a b ly  due to  s i e v i n g  p r o c e d u r e s .

I t  was p o s s i b l e  in  1983 to  f o l lo w  t h e  a l t e r n a t i o n  o f  c y s t  

and m o t i l e  s t a g e  f o r  Gonyaulax p o l y e d r a . D uring  th e  summer t h e r e  

a p p e a re d  t o  be  some ex c y s tm en t  as t h e c a t e  m o t i l e  c e l l s  a p p e a re d  

in  t h e  p l a n k to n  ( F i g s .  5 .4  -  5 . 5 )  and t h i s  can p e rh ap s  a l s o  be  

seen  i n  t h e  s l i g h t  i n c r e a s e  in  t h e  p e rc e n ta g e  empty c y s t s  found 

in  t h e  s e d im e n ts  i n  June  and J u ly  ( F i g .  5 . 7 . ) .  F i n a l l y ,  

c o n d i t i o n s  i n  l a t e  August seemed t o  f a v o u r  th e  f a s t  deve lopm en t 

o f  th e  p o p u l a t i o n  so t h a t  th e  au tum nal bloom o f  t h i s  s p e c i e s  

o c c u r r e d .  As m e n t io n e d  i n  th e  i n t r o d u c t i o n  o f  t h i s  c h a p te r
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c a l c u l a t i o n s  can be made of numbers of c y s t s  pe r  u n i t  a re a

r e q u i r e d  t o  p ro d u ce  a s u i t a b l e  inocu lum . One such c a l c u l a t i o n  

fo l lo w s  h e r e .  Using numbers of G. p o ly e d ra  when maximum m easured  

on 9 - 9 - 1 9 8 3 : -

Number of  c e l l s  = 5 0 ,630  1”* ( a v e ra g e d  o v e r  th e  w a te r  column w i t h

th e  a v e ra g e  w e ig h te d  a c c o r d in g  to

th e  volume of th e  lo ch  in  each

d e p th  segm ent)

T his  number of c e l l s  d e v e lo p e d  o v e r  a b o u t  29 days (none w ere

o b se rv e d  on th e  11 -8 -1 9 8 3  sam p ling  t r i p ) .

P r é z e l i n  and  Sweeney (1978)  r e c o r d  t h e  maximum s p e c i f i c  growth 

r a t e / o f  G. p o ly e d r a  to  be  0 .3  day

Using t h i s  d a t a  i t  f o l lo w s  t h a t  th e  inoculum  n eed s  to  have b e e n :

N t = kOV\er€L. n/ o CX'vdL N t
Ng 0 Ç . OÈ.US <x-V O  cvxcA

r C S p e c K  O G.

N© = X e"^^

5 0 ,6 3 0  X g ^ c e l l s  l"^ 

= 8 .4 3  c e l l s  p e r  I"*

The mean volume o f  C re ra n  (from T y l e r ,  1983)

= 1 8 2 .86  X 109 r '

The mean a r e a  o f  C re ra n  a t  MHWS (from  T y l e r , 1983) 

= 1 5 .19  X 10’® cm*
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T h e re fo re  8 .4 3  x 1 8 2 .8 6  x 10^ c e l l s  

15 .19  X 1 0 '*

-  10 .15  c e l l s  cm'^

I f  one assum es t h a t  on ly  50% o f  t h e  c y s t s  h a t c h  a o c c e a a fw l ly  

( S t e i d i n g e r  and Haddad, 1981) th e n :

20 .3 1  c y s t s  cm^ r e q u i r e d  t o  s t a r t  t h i s  b loom .

In  A p r i l  t h e r e  w e re  on a v e r a g e  9 1 ,9 0 4  c y s t s  ( « d tb  p r o to p la s m )  i n  

a 5cm s e d im e n t  c o re  o f  a r e a  25 •07cm*'. T h e r e f o r e  i n  1 c n b ic  cm 

t h e r e  w a s : -

91904 c y s t s  

5 X 25 .0 7

so t h e r e  w e re  a b o u t  733 c y s t s  cm ^

I t  fo llo w s  t h a t  on ly  2.8% o f q r s t s  a r e  re q u ire d  t o  have h a tc h e d .

T h is  am ount o f h a tc h in g  i s  u n l ik e ly  to  h e  a#s® rvahle in  th e  

sed im en t sam ples g iv en  sam pling  e r r o r .  The d e te c t io n  o f  nem empty 

QFSts i s  made m ore d i f f i c u l t  by  th e  p re sen ce  o f  a  h i ^  number o f  

empty c y s t s  in  th e  s e d im e n ts . The gom yaulaciod c y s ts  in  

p a r t i c u l a r  seem t o  b e  v e ry  r e s i s t a n t  to  decay  and so  accuam tlate 

in  th e  s e d im e n ts . The & ])ssil r e c o rd  i s  ev id en ce  o f  t h e i r  

p e r s i s t a n c e .  The r e s u l t s  o f  tthe c a l c n ia t i c n  im p lie s  #Dat many 

c y s ts  a r e  l e f t  each  y e a r  even i f  (there i s  a  bloom o f  (the s p e c ie s .  

As d ic u s s e d  by Heaney e t  a l .  I(l®$3)) i t  a l s o  means (that i f  (there 

i s  a  f a i l u r e  o f ,  o r  l i t t l e  emcys(bment i n  one  y e a r  (there i s  a ^ l l  a  

r e s e r v o i r  o f  c y s ts  a v a i l a b l e  #mr tthe &Dlloming y e a r .  fihEtnne 

c y s ts  s to r e d  i n  th e  la b o ra (to ry  b an e  b e e n  ^bowm (to have a  l i f e 

span  o f  a t  l e a s t  1(6.5 y e a r s  ((jStteadfinger St h ad d ad , 19^1 ) .  

T here i s  l i t t l e  in fo rm a(tio® a v a i l a b l e  aBoont ^ c ( to r s  a p a r t  from
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e x c y s tm en t  w hich  remove v i a b l e  c y s t s  from th e  s e d im e n ts .  Such 

f a c t o r s  a r e  l i k e l y  t o  be  co n su m p tio n ,  d e g e n e r a t io n  and a t t a c k  by 

p a r a s i t e s  and f u n g i .  Chapman (1981) w ork ing  on C era tium  

h i r u n d i n e l l a  n o t e s  t h a t  tem porary  c y s t s  p r e s e n t  in  t h e  l a k e  

se d im e n ts  w e re  s u c e p t i b l e  to  decay  and a t t a c k  by a c h i t r i d  

fu n g u s .  She a l s o  n o t e s  p r e d a t io n  o f  c y s t s  by an amoeban 

o rg a n is m .  I n  t h i s  s tu d y  some S c r i p p s i e l l a  ?sweeneyae c y s t s  have 

o c c a s i o n a l l y  b e e n  o b s e rv e d  w i th  fu n g i  a t t a c k i n g  them . C y s ts  a r e  

a l s o  s u b j e c t  to  i n g e s t i o n  by c e r t a i n  ty p e s  of s h e l l f i s h  as i s  

shown by i n v e s t i g a t i o n s  of c a u se s  o f  t h e i r  t o x i c i t y  (Y entsch  and 

Mague, 1 9 7 9 ) .  I t  i s  n o t  c l e a r  w h e th e r  th ey  a r e  d i g e s t e d .  Some 

e s t i m a t e s  o f  t h e s e  p r o c e s s e s  would  h e l p  i n  th e  p r e d i c t i o n  o f  th e  

p o t e n t i a l  o f  th e  c y s t  r e s e r v o i r .

I n  C re ra n  i n  1982 and 1983 th e  e ncystm en t  o f  C onyaulax 

p o ly e d r a  s t a r t e d  a t  th e  tim e  of maximum numbers o f  m o t i l e  c e l l s .  

F ig u r e  5 .6  shows th e  number of c y s t s  i n c r e a s e s  down th e  w a te r  

column an  e f f e c t  a l s o  n o te d  by N o rd l i  ( 1 9 5 1 ) .  T h is  i s  p ro b ab ly  

b e c a u se  o f  th e  e f f e c t s  of s i n k i n g .  Ageing C. p o ly e d ra  c e l l s  s in k  

f a s t e r  th a n  h e a l t h y  c e l l s  (Smayda and B ie n fa n g ,  1983) so even i f  

c y s t  f o r m a t io n  s t a r t s  h ig h  up i n  th e  w a te r  column some s in k i n g  

would  h a v e  ta k e n  p la c e  by i t s  c o m p le t io n .  P e rh ap s  t h i s  can be 

seen  w h ere  th e  maximum number of c y s t s  i s  p r e s e n t  be low  th e  

maximum number of t h e c a t e  c e l l s .  L ig h t  m ic ro sc o p y  shows t h a t  

c y s t s  s in k  q u i c k l y .  The r e c r u i t m e n t  of new c y s t s  to  th e  

s e d im e n ts  can c l e a r l y  be seen  i n  F ig u re  5 . 7 .  The to p  few 

c e n t i m e t r e s  o f  s e d im e n t  i s  no t  s t a b l e  and a f t e r  s to rm s i t  w i l l  

p ro b a b ly  be m ixed  w i th  d e e p e r  l a y e r s  r e t u r n i n g  th e  r a t i o  of f u l l  

and empty c y s t s  to  a b o u t  50%.

C y s ts  b eh av e  as  f i n e  sed im en t  p a r t i c l e s  and t h e r e f o r e  w i l l  

have a ten d e n c y  to  accu m u la te  w i t h i n  t h e  low t u r b u l e n t  energy  

b a s in s  o f  s e a —lo c h s  o r  f j o r d s  (D a le ,  1 9 7 6 ) .  As Conyaulax  

p o ly e d r a  c y s t s  have  f a s t  s in k i n g  r a t e s  t h i s  w i l l  i n c r e a s e  th e  

l i k e l i h o o d  o f  t h e i r  r e t e n t i o n  w i t h i n  th e  l o c h .  I t  can be seen



-152-

t h a t  i f  a s p e c i e s  i s  i n t r o d u c e d  t o  a s e a - l o c h ,  and i f  i t  has a 

c y s t  s t a g e  th e n  i f  c o n d i t i o n s  a r e  n o t  too  s e v e r e ,  th e  s p e c i e s  i s  

l i k e l y  t o  become a pe rm anen t member of the  d i n o f l a g e l l a t e  

a s s e m b la g e .  From t h e  p o in t  o f  v iew  o f  m a r i c u l t u r e  t h e r e f o r e  i t  

i s  i m p o r t a n t  t h a t  t r a n s p o r t a t i o n  o f  s h e l l f i s h  i s  c a r e f u l l y  

c o n t r o l l e d  t o  p r e v e n t  movement of s e d im e n t .  S h e l l f i s h  sh o u ld  

a l s o  be c le a n e d  (g u t  c o n te n t s  e m p t ie d )  b e c au se  they  i n g e s t  c y s t s .  

I t  s h o u ld  a l s o  be  remembered t h a t  the  c o m p o s i t io n  o f  th e  

d i n o f l a g e l l a t e  p o p u l a t i o n  i n  a loch  c o u ld  d r a s t i c a l l y  change over 

a s h o r t  t im e  i f  w a te r  movement b r o u g h t  in  a c y s t - f o r m in g  bloom 

s p e c i e s .

C l e a r l y  th e  b e n t h i c  r e s t i n g  c y s t  i s  e x tre m e ly  im p o r ta n t  in  

th e  l i f e - c y c l e  of c e r t a i n  d i n o f l a g e l l a t e s  and m e r i t s  more 

a t t e n t i o n  from  e c o l o g i s t s .



-153-

CHAPTER 6

DISTRIBUTION OF MOTILE DINOFLAGELLATES ON THE SCOTTISH

WEST COAST

INTRODUCTION

" I t  i s  a n  a r r e s t i n g  p o in t  t h a t  a p r e v a l e n t  f e a t u r e  of th e  

p h y to p la n k to n  i s  i t s  u n p r e d i c t a b i l i t y . "  ( H u l b u r t ,  1 9 8 3 ) .

H u lb u r t  goes  on to  d i s c u s s  the  u n p r e d i c t a b i l i t y  of 

p h y to p la n k to n  i n  te rm s  of p r e d i c t i n g  c o n c e n t r a t i o n s  of g iv en  

s p e c i e s .  I t  has  m ore g e n e r a l l y  been  h y p o th e s i z e d  (M a rg a le f ,  

1978) and o b s e rv e d  ( P in g r e e  ^  , 1978) t h a t  d ia tom s

p re d o m in a te  i n  m ixed  w a t e r s  w i th  h ig h  n u t r i e n t  c o n c e n t r a t i o n s  and

t h a t  as w a t e r  column s t a b i l i t y  i n c r e a s e s  and n u t r i e n t

c o n c e n t r a t i o n s  d e c r e a s e  d i n o f l a g e l l a t e s  become d o m in a n t .  M a rg a le f  

p o in t s  to  i d e a l  c a t e g o r i e s  ( " l i f e - f o r m s " )  o f  p h y to p la n k to n

c o r r e s p o n d in g  to  " c e r t a i n  r e c u r r e n t  p a t t e r n s  o f  s e l e c t i v e  

f a c t o r s " .  He ch o ses  th e  p r i n c i p a l  f a c t o r s  a s  th o se  r e l a t e d  t o  

the  s u p p ly  o f  e x t e r n a l  e n e rg y  ( i . e .  n u t r i e n t s  and d e c ay in g  

t u r b u l e n c e ) .  O rgan ism s a d a p te d  t o  h igh  n u t r i e n t  c o n c e n t r a t i o n s

may a l s o  b e  a d a p te d  t o  a  h ig h  t u r b u l e n c e ,  f o r  example th e

d ia to m s .  I n  c o n t r a s t ,  o rgan ism s  a d a p te d  t o  low n u t r i e n t

c o n c e n t r a t i o n s  may a l s o  be  a d a p te d  t o  low t u r b u l e n c e ,  as i n  th e  

c a se  o f  many m o t i l e  d i n o f  l a g e l l a t e s . M arg a le f  a l .  (1979) a l s o  

n o te  t h a t ,  i n  g e n e r a l  and u n l ik e  o t h e r  d i n o f l a g e l l a t e s , r e d  t i d e

d i n o f l a g e l l a t e s  may r e q u i r e  h igh  n u t r i e n t  c o n c e n t r a t i o n s  f o r  

g r o w th .

Much o f  M a r g a l e f ' s work, assum es s te a d y  s t a t e  c o n d i t i o n s .

These s o r t  o f  c o n d i t i o n s  a r e  u n l i k e l y  to  be e x p e r ie n c e d  by w a te r

b o d ie s  c i r c u l a t i n g  i n  S c o t t i s h  w es t  c o a s t  s e a —l o c h s , whose 

f l u s h i n g  t im e s  a r e  o f  t h e  o r d e r  of  a  few d a y s .  These  c o n d i t i o n s  

m i g h t , h o w e v e r , be o b se rv e d  i n  t h e  l a r g e r  f r o n t a l  r e g i o n s  o f  th e  

F i r t h s  and Sounds .  N e v e r th e l e s s  d a t a  from t h e  S c o t t i s h  w es t  c o a s t
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i s  i n  g e n e r a l  ag re e m e n t  w i th  th e  h y p o th e s i s  t h a t  g r e a t e r  d ia tom  

biom ass i s  found  i n  m ixed w a te r s  and a g r e a t e r  d i n o f l a g e l l a t e  

b iom ass  i s  found  i n  w eak ly  s t r a t i f i e d  and s t r a t i f i e d  w a te r  

(Gowen, 1 9 8 4 ) .  In  a d d i t i o n ,  f j o r d  exchange  i s  im p o r ta n t  and th e  

s p e c i e s  c o m p o s i t io n  o f  th e  s o u rc e  w a te r  can be a m ajo r  f a c t o r  i n  

d e te r m in in g  th e  s p e c i e s  c o m p o s i t io n  w i t h i n  a s e a - l o c h  (Gowen e t  

a l . ,  1 9 8 3 ) .

Gowen (1984 )  o u t l i n e s  t h r e e  p o s s i b l e  o r i g i n s  f o r  

p h y to p la n k to n  blooms i n  s e a - l o c h s :  F i r s t l y ,  th e  i n t r o d u c t i o n  o f  a 

bloom from  o u t s i d e  a s e a - l o c h ;  s e c o n d ly ,  th e  i n t r o d u c t i o n  o f  an 

inocu lum  from  o u t s i d e  a s e a - l o c h  which i f  c o n d i t i o n s  a r e  s u i t a b l e  

forms a bloom w i t h i n  th e  s e a - l o c h ;  and t h i r d l y ,  growth o f  a 

s p e c i e s  n o r m a l ly  p r e s e n t  w i t h i n  a s e a - l o c h .  A knowledge of 

h y d r o g ra p h ic  p a ra m e te r s  ( \d iich  d e te r m in e  th e  l i k e l y  s t a b i l i t y  of 

th e  w a t e r  column i n  p a r t i c u l a r  a r e a s  and th e  p o s s i b i l i t i e s  f o r  

exchange  o f  w a t e r s  be tw een  lo c h s  and s e a )  a l lo w s  an  a s s e s s m e n t  of 

th e  l i k e l i h o o d  o f  bloom s w i t h i n  d i f f e r e n t  s e a - l o c h s .  The s p e c i e s  

c o m p o s i t io n  o f  t h e s e  b looms i s  u n s p e c i f i e d ;  p a r t  o f  th e  aim o f  

th e  p r e s e n t  s tu d y  was th e  hope t h a t  from i n v e s t i g a t i o n s  of 

d i n o f l a g e l l a t e  d i s t r i b u t i o n  w ould  come a d d i t i o n a l  know ledge of 

th e  o c c u r r e n c e  o f  p a r t i c u l a r  n o t o r i o u s  s p e c i e s  w hich  m ig h t  h e lp  

to  d e f i n e  t h e  ' r i s k '  o f  t o x i c  blooms a t  p a r t i c u l a r ,  s i t e s .

Blooms o f  p h y to p la n k to n ,  f r e q u e n t l y  r e f e r r e d  t o  as  red  t i d e s  

(b e c a u se  of  w a t e r  d i s c o l o u r a t i o n ) ,  a r e  known to  have o c c u r r e d  

s in c e  a n c i e n t  t im e s  ( s e e  f o r  example Exodus C h .7 v 20—2 1 ) .  T here  

a r e  a l s o  le g e n d s  a s s o c i a t e d  w i th  t o x i c i t y  o f  s h e l l f i s h  a t  c e r t a i n  

t im es  of th e  y e a r  ( s e e  f o r  example Yasumoto ^ t  a ^ . ,  1 9 7 8 ) .

Documented exam ples  of blooms and f i s h  m o r t a l i t i e s  a r e  a v a i l a b l e  

from a t  l e a s t  th e  e a r l y  n i n e t e e n t h  c e n tu r y  ( f o r  r e f e r e n c e s  see 

R o u n s e f e l l  and N e ls o n ,  1966; H u r s t ,  1975; M aclean , 1979 and 

W y a tt ,  1 9 7 9 ) .  These  hap p en in g s  a r e  w o r ld  w ide  o c c u r r e n c e s  ( s e e  

f o r  exam ple Sweeney, 1976) and such i s  t h e i r  economic im p o r ta n c e
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t h a t  much r e s e a r c h  e f f o r t  has  been  d i r e c t e d  t o  i n v e s t i g a t i n g  th e  

c a u s a t i v e  o rg a n ism s  ( re v ie w e d  by S t e i d i n g e r ,  1 9 8 3 ) ,  t h e i r  

t o x i c i t y  ( re v ie w e d  by S h im iz u ,  1978) and t h e i r  eco lo g y  ( s e e  f o r  

example S t e i d i n g e r  and Haddad, 1 9 8 1 ) .

Such bloom s a r e  n o t  a lw ays t o x i c  (p ro d u c in g  to x in s  w i th  

r e s t r i c t e d  t a r g e t s )  o r  h a rm fu l  ( c a u s in g  o t h e r  i l l  e f f e c t s )  and 

n e i t h e r  does  a bloom need  t o  o c c u r  f o r  t o x i c  e f f e c t s  to  be 

n o t i c a b l e .  The t o x i c  e f f e c t s  f a l l  i n t o  two c a t e g o r i e s :  d i r e c t

t o x i c i t y  t o  m a r in e  o rg a n is m s ;  and i n d i r e c t  t o x i c i t y  to  man ( f o r  

example p a r a l y t i c  s h e l l f i s h  p o i s o n in g  (PSP), caused  by th e  

consum ption  o f  s h e l l f i s h  which have  i n g e s t e d  t o x i c  c e l l s ) .  In  

S c o t t i s h  w a te r s  th e  fo rm er  m ig h t  c au se  problem s w i t h  farm ed f i s h  

and t h e  l a t t e r  w i t h  s h e l l f i s h  f a r m in g .  Many members of th e  

P y r ro p h y ta  have  b e e n  a c c u s e d  o f  t o x i c i t y  ( H a l s t e a d ,  1965) b u t  

e v id e n c e  i s  o f t e n  o n ly  c i r c u m s t a n t i a l .  I t  i s  c o m p l ic a te d  by th e  

f a c t  t h a t  g i l l  c lo g g in g  by c e l l s ,  h ig h  n o c tu r n a l  oxygen demand o f  

blooms and oxygen  d e p l e t i o n  due to  decay  o f  blooms may a l s o  cause  

th e  d e a th  o f  m a r in e  o rg a n is m s .  C o n s i d e r a t i o n  w i l l  be g iv en  h e r e  

to  t h e  f o l l o w i n g  p o t e n t i a l l y  t o x i c  d i n o f l a g e l l a t e s  found i n  

w e s t e r n  S c o t t i s h  w a t e r s .  I n  th e  a p p e n d ix  t o  t h i s  c h a p te r  the  

e v id e n c e  f o r  t h e i r  t o x i c i t y  i s  summarized and d i s c u s s e d .

D in o p h y s is  a c u m in a ta  C la p a re d e  and Lachmann 

C onyau lax  p o ly e d r a  S t e i n  

C onyau lax  t a m a r e n s i s  Lebour 

G yrod in ium  a u re o lu m  H u lb u r t  

P r o ro c e n t ru m  l im a  (E h re n b e rg )  Dodge 

P r o ro c e n t ru m  m ic a n s  E h re n b e rg  

P r o ro c e n t ru m  minimum ( P a v i l l a r d )  S c h i l l e r

Gowen (1 9 8 4 )  sum m arizes known m o r t a l i t i e s  of farm ed f i s h  

a s s o c i a t e d  w i t h  p h y to p la n k to n  blooms on th e  S c o t t i s h  w e s t  c o a s t .  

There  have  b e e n  no r e p o r t e d  i n c i d e n t s  i n  t h i s  r e g io n  o f  s h e l l 

f i s h  t o x i c i t y  o f  th e  ty p e  a s s o c i a t e d  w i th  p h y to p la n k to n  b loom s.
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I t  i s  w o r th  n o t i n g  t h a t  o f  a l l  th e  s p e c i e s  d e s c r ib e d  above only  

one , (G yrod in ium  a u re o lu m ) ,  has  so f a r  been  c e r t a i n l y  a s s o c i a t e d  

w i th  an i n c i d e n t  on th e  S c o t t i s h  w est  c o a s t .  T here  have been  

o th e r  i n c i d e n t s  i n v o l v i n g  m a jo r  f i s h  l o s s e s  ( e . g .  in  Loch S t r i v e n  

1979: T e t t  e d . ,  1980) b u t  f o r  w hich  a lg a e  o th e r  than

d i n o f l a g e l l a t e s  have  b een  b lam ed .

Some g e n e r a l  i n f o r m a t io n  a b o u t  th e  d i s t r i b u t i o n  of 

d i n o f l a g e l l a t e s  on th e  S c o t t i s h  w es t  c o a s t  i s  a v a i l a b l e  from 

Dodge (1 9 8 1 ) ;  H o l l i g a n ,  Maddock and Dodge (1980) and th e  

c o n t in u o u s  p la n k to n  r e c o r d e r  su rv e y  ( s e e  f o r  example R ob inson , 

1 9 6 5 ) .  More d e t a i l e d  i n f o r m a t io n  i s  a v a i l a b l e  in  T e t t  (1 9 6 9 ) ;  

M a rs h a l l  and O rr  (1927) and much u n p u b l is h e d  d a ta  h e ld  by th e  

S.M.B.A.

The in f o m a t i o n  g a in e d  i n  s tu d y in g  th e  w id e r  d i s t r i b u t i o n  o f  

m o t i l e  d i n o f l a g e l l a t e s  p ro v id e s  an i n s i g h t  i n t o  two a s p e c t s  of 

t h i s  s tu d y  i n  t h a t  i t

a )  A llow s c o m p a r iso n  w i t h  Loch C re ra n .

b )  R e p o r ts  t h e  d i s t r i b u t i o n  o f  t o x i c  s p e c i e s .

METHODS

Sam ples f o r  th e  d i s t r i b u t i o n  i n v e s t i g a t i o n  w ere  c o l l e c t e d  

on c r u i s e s  d u r in g  t h e  summers of 1982 and 1983 l i s t e d  i n  Table  

6 . 1 .  D ata  r e l a t i n g  t o  g e n e r a l  d i s t r i b u t i o n s  w ere  a l s o  o b ta in e d  

from t h e  s e a s o n a l  s a m p l in g  o f  Loch C re ra n  a l r e a d y  d e s c r i b e d  ( s e e  

C h a p te r  4 )  and from  day t r i p s  made to  s e v e r a l  lo ch s  c l o s e  to  Oban 

(Loch E t i v e ,  Loch S p e lv e ,  and Loch M e l f o r t )  f o r  th e  p u rp o se  of 

c y s t  c o l l e c t i o n .
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TABLE 6 .1

Ship D ates Area R e p o r t /C h ie f

S c i e n t i s t

C a lanus  ( 1 /8 2 )  12 /5  -  1 4 /5 /8 2  Clyde Dr R. Gowen 

(S .M .B .A .)

S h a c k le to n  ( 4 /8 2 )  22 /5  -  4 / 6 /8 2  S c o t t i s h  s h e l f  H i l l ,  1983

C alanus  ( 2 /8 2 ) 5 /7  -  2 3 /7 /8 2 Sound o f  J u r a  Jones  ^  a l . ,  

1984

N o r th e rn  l o c h s  Dr R. Gowen 

(S .M .B .A .)  

F i r t h  of  Lom e Grantham

e t  a l . ,  1983

C alanus  ( 3 /8 2 )  2 1 /9  -  2 3 /9 /8 2  Loch S u n a r t  Dr K. Jones

(S .M .B .A .)

C a lanus  ( 1 /8 3 ) 2 8 /6  -  1 4 /7 /8 3  Sound o f  J u r a  Jones  e t  a l . ,

1984

F i r t h  o f  Lom e Oat ham, 1983 

Loch S u n a r t  J.M. Lewis

Sam ples w e re  c o l l e c t e d  a s  d e s c r i b e d  i n  C hap te r  2 e x c e p t  f o r  

th e  S h a c k le to n  cr,j/use ( 4 /8 2 )  when 2 l i t r e  sam ples w ere  tak e n

u s in g  a pump from t h e  d e p th  of maximum v iv o  f l u o r e s c e n c e .  

Samples w e re  f i l t e r e d  and  t r e a t e d  i n  t h e  s t a n d a r d  way.

H y d ro g ra p h ic  d a ta  were c o l l e c t e d  a t  a l l  s t a t i o n s ,  and se d im e n t  

sam ples  a t  m any. C ounts  o f  sam ples  w ere  made as  d e s c r i b e d  i n  

C h a p te r  2 .  I n  t h e  c a s e  o f  sam ples  from th e  S h a c k le to n  c r u i s e ,  

which c o n ta i n e d  few d i n o f l a g e l l a t e s , th e  com ple te  sam ple  was

c e n t r i f u g e d  and  c o u n ts  of a t  l e a s t  200 c e l l s  m ade, r e s u l t s  f o r

each s p e c i e s  b e in g  r e c o r d e d  a s  p e r c e n ta g e  p r e s e n c e .
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RESULTS

H y d ro g ra p h ic  d a ta  c o l l e c t e d  i s  d e s c r ib e d  i n  th e  r e p o r t s  

l i s t e d  i n  T a b le  6 .1  or can be o b ta in e d  from th e  c h i e f  s c i e n t i s t  

of each  c r u i s e  and w i l l  o n ly  be r e f e r r e d  t o  i n  a g e n e r a l  way 

h e r e .  E x c lu d in g  th e  c o u n ts  of s e a s o n a l  sam ples  d e s c r ib e d  and 

l i s t e d  i n  C h a p te r  4 som eth ing  o v e r  200 sample co u n ts  have been  

made. R e s u l t s  o f  th e  c o u n ts  w i l l  be d e p o s i t e d  i n  th e  S.M.B.A. 

and Royal Holloway C o l le g e  l i b r a r i e s  and o n ly  c e r t a i n  f e a t u r e s  

d e s c r i b e d  h e r e .  A f a r  more d e t a i l e d  a n a l y s i s  may be p o s s i b l e  b u t  

i t  was beyond t h e  scope  o f  t h i s  p r o j e c t  to  a t te m p t  i t .  F ig u re  

6 .1  shows th e  m ain  f e a t u r e s  of th e  sam p lin g  a r e a  c o v e re d ,  and a 

f u l l  l i s t  o f  s p e c i e s  i s  g iv en  i n  Table  6 . 2 .

Maps a r e  g iv e n  sum m ariz ing  th e  o c c u r r e n c e  of n u m e r i c a l ly  

dom inant s p e c i e s  i n  F ig u r e s  6 .2  -  6 . 7 .  The n u m e r ic a l ly  dom inan t 

s p e c i e s  w e re  t a k e n  to  be  a l l  t h o s e  s p e c i e s  p r e s e n t  in  numbers 

g r e a t e r  th a n  400 c e l l s  per  l i t r e  in  th e  m a j o r i t y  o f  sam ples  from 

a p a r t i c u l a r  a r e a .  A reas  w ere  d e c id e d  on th e  b a s i s  of th e  

s i m i l a r i t y  of  numbers and dom inant s p e c i e s  i n  t h e  i n d i v i d u a l  

s a m p le s .  I n  t h e  c a s e  of th e  S h a c k le to n  sam ples th e  d i s t r i b u t i o n  

map was b a s e d  on th e  t h r e e  s p e c i e s  w i th  th e  h i g h e s t  p e rc e n ta g e  

p r e s e n c e  in  each  sa m p le .

G e n e ra l  d i s t r i b u t i o n  o f  t h e c a t e  d i n o f l a g e l l a t e s

C a la n u s  1 /8 2  -  F i r t h  o f  Clyde

T h is  s h o r t  c r u i s e  took  p l a c e  in  May 1982 . Samples w ere  

ta k e n  from a ro u n d  A r ra n  ( s e e  C h ap te r  7 )  b u t  a l l  c o n ta in e d  few 

d i n o f l a g e l l a t e s ,  f a l l i n g  i n t o  th e  "v e ry  t h i n "  c a te g o r y  where l e s s  

than  20 c e l l s  o f  th e  dom inan t s p e c i e s  w ere  c o u n te d .  C e l l s  of 

S c r i p p s i e l l a  s p p .  w ere  th e  m ost  abundan t  w i t h  a  maximum o f  260 

c e l l s  p e r  l i t r e .
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S o u n d ' O T , / / 7  

Mullv d / j

Nevis 
M a l l a l Q

Ell 

l-innhe

i v e

#^Melfort ^Fyne 
F i r t h  o f  ^ " % C r a i g n i ^ / ^  -

iSw'een 
fQoUsp r̂JJ

W.

Sound  
of  

J u r a
ir th  of

F ig u re  6.1 : Map o f  S c o t t i s h  ) /  (  ^*Clyde
w e s t  c o a s t  show ing  Çgjngbel town 
a r e a s  a n d  l o c h s  
s a m p le d

L o m e



— 160—

TABLE 6 .2  : SPECIES FOUND DURING THIS STUDY

Amphidoma c a u d a ta K atod in ium  ro tu n d a tu m

C e ra t iu m  a r i e t i n u m O blea  r o tu n d a t a

C. compressum P ro ro c e n t ru m  b a l t i c u m

C. f u r c a P. compressum

C. f u s u s P . g r a c i l e

C. hexacan thum P. m icans

C. h o r r id u m P. s c u te l lu m

C. l in e a tu m P r o to p e r id i n iu m  b i p e s

C. l o n g i p e s P . b r e v i p e s

C. m a c r o c e r o s P . c e r a s u s

C. t r i p o s P . c l a u d i c a n s

D in o p h y s is  a c u m in a ta P . c o n ic o id e s

D. a c u t a P . conicum

D. c o n t r a c tu m P . c u r v ip e s

D. dens P . c u r t i p e s

D. h a s t a t a P . d e n t i c u la t u m

D. n o r v e g i c a P. depressum

D. n a su tum P . d iabo lum

D. ovum P. d iv e r g e n s

D. p u l c h e l lu m P. e x c e n t r ic u m

D. p u n c t a t a P .  g r a n i i

D. r e c u r v a P . l e o n i s

D. r o tu n d a tu m P . minutum

D i p l o p s a l i s  l e n t i c u l a P . m i t e

D issod ium  asym m etricum P. oblongum

D is s o d in iu m  p s e u d o c a l a n i P . ovatum

G len o d in iu m  s p . P . p a l l id u m

C onyau lax  d i g i t a l e P . p e l lu c id u m

G. g r i n d l e y i * P . pentagonum

G. p o ly e d r a P . p y r i fo rm e

G. polygramma P . s t e i n i i

G. s p i n i f e r a P . sub ine rm e

G. t a m a r e n s i s P . th o r ia n u m

G. t r i a c a n t h a S c r i p p s i e l l a  f a e r o e n s e

G. v e r i o r S c r i p p s i e l l a  Tsweeneyae

H e lg o la n d in iu m  subg lobosum S c r i p p s i e l l a  t r o c h o i d e a

H e t e r o c a p s a  t r i q u e t r a
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S h a c k te to n  4 /8 2  -  S c o t t i s h  s h e l f

T h is  c r u i s e  was p a r t  o f  a w id e r  s tu d y  of t i d a l  m ix in g  a ro u n d  

i s l a n d s  i n  s h e l f  s e a s .  Sam ples w ere  c o l l e c t e d  t o  a s c e r t a i n  th e  

d i s t r i b u t i o n  o f  s p e c i e s  f u r t h e r  o f f s h o r e  than  c o u ld  n o rm a l ly  be 

s a m p le d .  The o c c u r r e n c e  o f  n u m e r i c a l ly  dom inan t t h e c a t e  

d i n o f l a g e l l a t e s  i s  sum m arized i n  F ig u re  6 .2  Many o t h e r  s p e c i e s  

w ere  r e c o r d e d  (50 s p e c i e s  i n  t o t a l )  i n c l u d i n g  7 s p e c i e s  of 

C e r a t i u m , more th a n  a r e  u s u a l l y  found i n s h o r e .  The r a r e  s p e c i e s  

Amphidoma c a u d a t a  was a l s o  found a l t h o u g h  i t  was n o t  r e c o r d e d  

from t h i s  a r e a  by Dodge (1 9 8 1 ) .

C a la n u s  2 /8 2  -  Sound o f  J u r a ,  N o r th e r n  l o c h s ,  and F i r t h  

o f  L o m e

T h is  c r u i s e  c o v e re d  t h r e e  s e p a r a t e  a r e a s  d u r in g  J u ly  1982 

and t h e  d i s t r i b u t i o n  o f  n u m e r i c a l ly  dom inan t t h e c a t e  

d i n o f  l a g e l l a t e s  i n  each  a r e a  i s  summarized i n  F ig u re s  6 .3  -  6 . 5 .  

T a k in g  a l l  t h r e e  a r e a s  t o g e t h e r  th e  m o st  p r e v a l e n t  

d i n o f l a g e l l a t e s  w e re  S c r i p p s i e l l a  s p p .  and H e te ro c a p s a  t r i q u e t r a . 

O th e r  common d i n o f l a g e l l a t e s  w e re  P ro ro c e n t ru m  m ic a n s , C onyau lax  

s p i n i f e r a  and C e ra t iu m  l i n e a t u m . I n  g e n e r a l  th e  h i g h e s t  numbers 

o f  d i n o f l a g e l l a t e s  w e re  to  be  found w i t h i n  th e  s e a - l o c h s  (and 

e x c e p t i o n a l l y ,  i n  E d d r a c h i l l i s  b a y ) .  The p o p u l a t i o n s  w i t h i n  th e  

s e a - l o c h s  seemed q u i t e  v a r i a b l e  b u t  f r e q u e n t l y  s e a - l o c h s  i n  c l o s e  

p r o x im i t y  ( e . g .  Loch M e l f o r t  and Loch C r a i g n i s h )  had s i m i l a r  

p o p u l a t i o n s .  Over 50 d i f f e r e n t  s p e c i e s  w ere  r e c o r d e d ,  th e  a r e a s  

o u t s i d e  t h e  s e a - l o c h s  ( t h e  F i r t h s  and Sounds)  b e in g  th e  p o o r e s t  

i n  s p e c i e s  and t h e  s e a - l o c h s  th e  r i c h e s t .
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F igu re 6 ,2  : Occurrence o f

dominant th e c a te  d in o f la g e l la t e s  

(from io  p resen ce in  

sam ples)
P rotonerid in inm  ovatum 
•  •  •  #

S h ack leton  4 /8 2
P rotop erid in iu m  ovatum 
D in op h ysis  acuminata 
P rotop erid in iu m  b rev ip es  
D in op h ysis  recurva

o
P rotop erid in iu m  h ip e s  
D ip lo p s a lis  spp

Lov numbers, f •.]
Ceratium  spp. ÿYAvY/{(i-X 
Pro t  oper i  d in  ium ; h i  pe* s‘-ÿ^
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P rotop erid ip iu m  diabolum  
S c r ip p s ie l la  spp,

)  H eterocapsa  
y  ̂ tr iq u e tr a

4 ,8

Numbers % 10  ̂ 1 ^

= "very th in "  sample

S c r ip p s ie l la  spp 
Gonyaulax s p in ife r a  

H eterocapsa triquetra

1 4 ,5
3 . 5 _____

Prorocentrum m icans 
S c r ip p s ie l la  spp. 
H eterocapsa tr iq u e tr a  
Some Ceratium spp.

Low numbers

S c r ip p s ie l la  spp, 
H eterocapsa  tr iq u e tr a  
Prorocentrum  micans

CampbeltownF igu re 6 ,3  : Calanus 2 /8 2  

Occurrence o f  n u m erica lly  

dominant th e c a te  

d in o f la g e l la t e s  in  the  

Sound o f  Jura a rea .
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High numbers 
Ceratium l in e a tum 
Ceratium fu rca  
Ceratium fu su s  

O ccurrence o f  n u m er ica lly  Prorocentrum m icans
H etero causa t r iq u e tr a  

dominant th e c a te  ■ |

F igure 6 .4  : Calanus 2 /8 2

d in o f la g e l la t e s  

in  th e  N orthern  

lo c h s

Numbers x 10 1 ^

C e ra t iu m  l in e a tu m
H e te r o c a p s a  t r i q u e t r a  
G onvau lax  s p i n i f e r a

7 .7  3 .6

Other a r e a s -  
H eterocapsa tr iq u e tr a  
S c r ip p s ie l la  spp 
Prorocentrum micans 
Ceratium lineatum

10.1

D

S c r i p p s i e l l a  s p p .  
P r o r o c e n t r u m  m ic a n s
Ceratium lineatum
H eterocapsa  t r iq u e tr a  
Gonyaulax s p in ife r a

M alla ig  ^
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F igure 6 ,5  : C alanus 2 /8 2

O ccurrence o f  n u m er ica lly  dominant
Low numbersI 
S c r ip p s ie l la  spp

t h e c a t e  d i n o f l a g e l l a t e s  i n  t h e

F i r t h  o f  L o m e  a r e a
2 .1

P r o t o p e r i d i n i u m  b i p e s  # 
S c r i p p s i e l l a  s p p . q ^

1 .5

Low n u m b e r s ,  • , 
S c r i p p s i e l l a  spp

0 ,8.

Oban

1 .7

S c r i p p s i e l l a  s p p .  
G o n y a u la x  s p i n i f e r a

1 .5
Numbers x  10

"very th in "  
sample
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C a la n u s  3 /8 2  -  Loch S u n a r t  

r
T h is  c jiiise  was i n  l a t e  Sep tem ber 1982, when t h e r e  w ere  few 

d i n o f l a g e l l a t e s  p r e s e n t  in  th e  l o c h .  The m ost common s p e c i e s  was 

P r o ro c e n t ru m  m i c a n s . O th e r  common s p e c i e s  w ere  S c r i p p s i e l l a  s p p .  

and H e te r o c a p s a  t r i q u e t r a .

C a la n u s  1 /8 3  -  Sound o f  J u r a ,  F i r t h  o f  l o r n e ,  and Loch 

S u n a r t

T h is  c r u i s e  c o v e re d  s e v e r a l  a r e a s  of th e  c o a s t  in  June  /  

J u ly  1 9 8 3 .  The d i s t r i b u t i o n s  o f  n u m e r i c a l ly  dom inan t  

d i n o f l a g e l l a t e s  i n  t h e  a r e a s  o f  th e  Sound o f  J u r a  and t h e  F i r t h  

o f  Lorne a r e  d e s c r i b e d  i n  F i g u r e s  6 .6  -  6 . 7 .  As i n  t h e  p r e v io u s  

y e a r  t h e c a t e  d i n o f l a g e l l a t e s  w e re  found t o  be  ab u n d an t  in  t h e  

s e a - l o c h s .  The e n t r a n c e s  to  b o th  th e  sound o f  J u r a  and t h e  F i r t h  

o f  Lorne  a l s o  c o n ta i n e d  h i g h  num bers o f  t h e c a t e  d i n o f l a g e l l a t e s .  

The m o s t  common s p e c i e s  w ere  S c r i p p s i e l l a  s p p . ,  H e te ro c a p s a  

t r i q u e t r a , and G onyau lax  s p i n i f e r a . About 50 d i f f e r e n t  s p e c i e s  

w ere  e n c o u n t e r e d .  The c e n t r a l  p o r t i o n s  of th e  Sound o f  J u r a  and 

th e  F i r t h  o f  Lorne  w e re  th e  p o o r e s t  in  s p e c i e s .

Loch S u n a r t  c o n ta i n e d  a r i c h  p o p u l a t i o n  o f  d i n o f l a g e l l a t e s  

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

G onyau lax  s p i n i f e r a , H e te ro c a p s a  t r i q u e t r a  and P ro ro c e n t ru m  

m i c a n s .

P o t e n t i a l l y  t o x i c  s p e c i e s

As can be s e e n  from  C h a p te r  4 t h e  c o m p o s i t io n  o f  th e  

d i n o f l a g e l l a t e  p o p u l a t i o n  w i t h i n  a s e a - l o c h  can v a ry  g r e a t l y  

d u r in g  t h e  y e a r .  T h is  m u st  be  remembered when lo o k in g  a t  th e  

d i s t r i b u t i o n  d a t a  r e p o r t e d  h e r e  w h ich  i s  b a se d  on s i n g l e  c r u i s e s
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F igure 6 .6  : Calanus I /83  
Occurrence o f  n u m er ica lly  

dominant th e c a te  ^

d in o f la g e l la t e s  in  the  

Sound o f  Jura area

Numbers x 10  ̂ 1 ^

S c r ip p s ie l la  spp. 
H eterocapsa t r iq u e tr a  
.Gonyaulax s p in if e r a  

y Dinophysis  acum inata  
A" . P rotoperid in ium  b ip e s

12.6
1 .4

Low num ber s  (^4500 c e l l s  1’ *) 
( C e n t r a l  a r e a < 2000 c e l l s  1“* 
S c r i p p s i e l l a  s p p . /
H e t e r o c a p s a  t r i q u e t r a  ^  g 

I y .  G o n y a u la x  s p i n i f e r a  ^
^  C e r a t i u m  l i n e a t u m

' f  1,
1 . 2«#1.6

8 .'

H eterocapsa tr iq u e tr a  
S c r ip p s ie l la  spp.
Oblea rotundatum  

I Prorocentrum m icans 
Prorocentrum scu te llu m  
P rotoperidinium  spp.

1 . 5 #
0 . 9 «

1 . 63#
1 .2

• k . 2
1 .8

0.8I 8.8

2 . 7
*7.0

1.6
4 .4

H eterocapsa t r iq u e tr a  
S c r ip p s ie l la  spp.

^5,9  Ceratium 1 ineatum  
D inophysis acuminata 
Protoperid in ium  /  D ip lo p s a l is  spp. 
Prorocentrum micans 
Gonyaulax spp^ (n o ta b ly  ta m a r e n s is )]

11.9
6 .9

23 .9

15.8

* 15.5
High numbers (>7000 c e l l s  1**) 
H eterocap sa  t r iq u e t r a  
S c r ip p s ie l la  spp .
Ceratium lin ea tu m  
D in op h ysis  acum inata  
Gonyaulax s p in i f e r a  
Gonyaulax ta m a ren sis  
P rotop er id in iu m  /  D ip lo p s a l is  spp .

Campbeltown
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S c r ip p s ie l la  spp. 15*3 
D inophysis acuminata  
Gonyaulax tr ia c a n th a  
H eterocapsa tr iq u e tr a  

dominant th e c a te  d in o f la g e l la t e s  Protoperidinium  b ip e s  ^ ^
in  the F ir th  o f  Lorne area

F igure 6 .7  : Calanus I /83  
Occurrence o f  n u m er ica lly

S c r ip p s ie l la  spp. y y /  
P ro top er id in iu m  b ip es  Q

Oban

23.3  3 5 .7

2 .1  
tS c r ip p s ie l la  spp 

H eterocap sa  t r iq u e tr a  
Low numbers

H igh numbers (723000 c e l l s  1*') 
S c r i p p s ie l la  spp.
Gonyaulax s p in ife r a  
Gonyaulax tam arensis  
D in o p h y sis  spp.
C eratium  lineatum  
P ro to p er id in iu m  /  D ip lo p sa lis  spp. 
H etero ca p sa  tr iq u e tr a

h a

Numbers x 10  ̂ l ”*̂
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and t h e r e f o r e  shows j u s t  a g l i m p s e  of t h e  who le  p i c t u r e .  

N e v e r t h e l e s s ,  t h e  m ain  c r u i s e s  were  a t  t im es  of  t h e  y e a r  when a 

good p o p u l a t i o n  o f  d i n o f l a g e l l a t e s  would  be e x p e c t e d .

With  r e g a r d  t o  t h e  t o x i c  s p e c i e s  l i s t e d  i n  t h e  i n t r o d u c t i o n  

P r o r o c e n t r u m  minimum has  n o t  be e n  found  i n  t h i s  s u rv e y  a l t h o u g h  

t h i s  t i n y  a l g a  i s  e a s i l y  m i s s e d .  Gyrod in ium au reo lum  i s  a naked  

d i n o f l a g e l l a t e  and t h e r e f o r e  wou ld have  been  found o n l y  in  t h e  

l i v e  s a m p l e s .  I t  was found once  in  Loch C re ra n  i n  May 1982 .  

P r o r o c e n t r u m  l im a  i s  a c o a s t a l  b e n t h i c  d i n o f l a g e l l a t e  and i t s  

h a b i t a t  was n o t  sampled  i n  t h i s  s t u d y .  D i n o p h y s i s  a c u m in a t a  and 

P r o r o c e n t r u m  m ic a n s  were  c o n s i d e r e d  i n  C h a p te r  4 to  be r e g u l a r  

members of  t h e  p h y t o p l a n k t o n  i n  Loch C r e r a n .  They were b o t h

found  i n  a l l  t h e  l o c h s  sampled  i n  t h e  d i s t r i b u t i o n a l  s t u d y .  The

h i g h e s t  numbers  ( 5 6 ,7 0 0  c e l l s  pe r  1)  of  P.  m icans  were  found i n

1982 i n  Loch Sween.  High numbers  w e re  a l s o  found i n  West Loch

T a r b e r t  ( 1 9 8 2 ) ,  Loch Nev i s  ( 1 9 8 2 ) ,  E d d r a c h i l l i s  Bay ( 1 9 8 2 ) ,  Loch 

Sween ( 1 9 8 3 ) ,  and Loch S u n a r t  ( 1 9 8 3 ) .  The h i g h e s t  numbers ( 3 ,4 0 0  

c e l l s  p e r  l i t r e )  o f  D i n o p h y s i s  a c u m i n a t a  were found i n  West Loch 

T a r b e r t  i n  1983.  Gonyau lax  g r i n d l e y i  and Gonyaulax p o l y e d r a  were  

found  t o  be  o c c a s i o n a l  members o f  t h e  Loch C re ra n  p h y t o p l a n k t o n ,  

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

( s e e  C h a p t e r s  4 and  5 ) .  Both s p e c i e s  w ere  o c c a s i o n a l l y  p r e s e n t  

i n  w a t e r  s a m p le s  f rom t h e  a r e a s  i n v e s t i g a t e d  bu t  m ig h t  w e l l  have 

been  more w i d e s p r e a d .  F u r t h e r  i n f o r m a t i o n  on t h e i r  d i s t r i b u t i o n  

can be o b t a i n e d  from t h e  c y s t  c o u n t s  d i s c u s s e d  i n  C h a p te r  7 .

Gonyau lax  t a m a r e n s i s  was n o t  found i n  t h i s  s t u d y  i n  1982 b u t  

F i g u r e  6 . 8  shows i t s  o c c u r r e n c e  as  r e c o r d e d  i n  1983.  Dur ing  t h e  

o c c u r r e n c e  o f  G. t a m a r e n s i s  i n  Loch C r e ra n  i n  1983 m u s s e l s  w ere  

c o l l e c t e d  from t h e  l o c h  and s e n t  f o r  b i o a s s a y  t o  MAFF a t  Burnham- 

on -Crouch  where  no t o x i c i t y  was d e t e c t e d .  T h i s  i s  p o s s i b l y  

b e c a u s e  i t  was a  n o n - t o x i c  v a r i e t y  o f  t h i s  complex o f  s p e c i e s  o r ,  

i f  c o n d i t i o n i n g  i s  i m p o r t a n t ,  c o n d i t i o n s  d i d  n o t  f a v o u r  t o x i n  

p r o d u c t i o n  ( s e e  Appendix t o  t h i s  C h a p t e r ) .
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F igure 6 ,8  : D is tr ib u t io n  o f  

Gonyaulax ta m a ren s is , 1983

Numbers x 10 1

+ = 0 -199  c e l l s  1 

++ = 200-399 c e l l s  1

A ll  sam pling c a rr ied  out 

on Calanus l / 8 3  ex cep t fo r  

Locb Creran,

max, n 
nos in

Oban
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DISCUSSION

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

t h i s  s t u d y  were S c r i p p s i e l l a  s p p .  and H e t e r o c a p s a  t r i q u e t r a . 

O t h e r  common s p e c i e s  w e re  P r o r o c e n t r u m  m i c a n s , P r o t o p e r i d i n i u m  

b i p e s , Gonyau lax  s p i n i f e r a , D i n o p h y s i s  a c u m in a t a  and C e ra t iu m  

l i n e a t u m . 72 s p e c i e s  w e re  found i n  t o t a l  f rom t h e  w a t e r  samples  

c o u n t e d ,  t h e s e  a r e  l i s t e d  i n  Tab le  6 . 2 .  T h i s  i s  a c o n s i d e r a b l e  

v a r i e t y  even  g i v e n  p o s s i b l e  taxonomic  e r r o r s ,  e s p e c i a l l y  as  t h i s  

a r e a  i s  n o t  r e g a r d e d  a s  b e i n g  r i c h  i n  d i n o f l a g e l l a t e s .  T h i s  

v a r i e t y  e x c e e d s  t h a t  o f  Dodge and H a r t - J o n e s  (1974 ,  1977)  who

found  t o t a l s  of  53 and 61 s p e c i e s  i n  t h e i r  s e a s o n a l  s t u d y  on t h e  

n o r t h - e a s t  c o a s t  of  B r i t a i n ,  an a r e a  p r o b a b l y  r i c h e r  i n  

d i n o f l a g e l l a t e s  t h a n  t h e  w e s t  c o a s t  of  S c o t l a n d .  T h i s  shows t h e  

a d v a n t a g e  of  t h e  c o l l e c t i o n  and  c o u n t i n g  methods  u s e d  i n  t h i s  

s t u d y  which  i n v o l v e  a c o m b i n a t i o n  o f  f i l t r a t i o n  and  s e t t l e m e n t ,  

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

The s u r v e y  o f  d i n o f l a g e l l a t e s  by Dodge (1981)  d i d  n o t  c o v e r  

t h e  S c o t t i s h  w e s t  c o a s t  i n  a s  much d e t a i l  as  t h i s  s t u d y  a l t h o u g h  

i t  d i d  show t h e  p r e s e n c e  o f  76 s p e c i e s  ( i n c l u d i n g  naked  s p e c i e s ) .  

T h i s  s t u d y  e x t e n d s  t h e  known d i s t r i b u t i o n  o f  some t h e c a t e  s p e c i e s  

c o v e r e d  i n  t h a t  s u r v e y .  O b s e r v a t i o n s  by T e t t  (1969)  f rom M i l l p o r t  

on t h e  F i r t h  o f  Clyde  show t h e  l a r g e  C e ra t iu m  s p e c i e s  ( f o r  

example t r i p o s ) a r e  more  i m p o r t a n t  i n  t h i s  a r e a  t han  t h e y  a r e  

f u r t h e r  n o r t h  where  t h e y  were  seldom o b s e r v e d  e x c e p t  w e l l  

o f f s h o r e .

I n  g e n e r a l  t h e  h i g h e s t  numbers  of  d i n o f l a g e l l a t e s  w e re  to  be  

found  i n  t h e  s e a - l o c h s .  I n  1983 h ig h  numbers  w e re  a l s o  o b s e rv e d  

a t  t h e  e n t r a n c e  to  t h e  F i r t h  of  L o m e  and t h e  e n t r a n c e  to  t h e  

Sound o f  J u r a .  Most o f  t h e  s e a - l o c h s  sampled d u r i n g  summers 1982 

and 1983 a p p e a r  t o  have  b e e n  s t r a t i f i e d .  P a r t  of  t h e  Sound o f  

J u r a  was s t r a t i f i e d  w i t h  r e s p e c t  t o  t e m p e r a t u r e  i n  1982 and  1983
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( J o n e s  ^  a l ^ . , 1 9 8 4 ) .  The r e g i o n  o f  h i g h e s t  s t a b i l i t y  was i n  t h e  

c e n t r e  of  t h e  sound t o  t h e  w e s t  o f  Loch C a o l i s p o r t .  I n  1983 th e  

h i g h e s t  numbers  of  d i n o f l a g e l l a t e s  were  o b s e rv e d  t o  t h e  s o u t h  of  

t h i s  r e g i o n  i n  an  a r e a  o f  t r a n s i t i o n a l  s t a b i l i t y .  I n  1982 i n  t h e  

Sound o f  J u r a  on ly  low numbers  of  t h e c a t e  d i n o f l a g e l l a t e s  were  

o b s e r v e d  a l t h o u g h  i n c r e a s e d  numbers were  n o t e d  i n  t h e  a r e a s  of  

t r a n s i t i o n a l  s t a b i l i t y .  J o n e s  al_. (1984)  n o t e  t h a t  much of  

t h e  i n c r e a s e  i n  numbers  o f  d i n o f l a g e l l a t e s  i n  t h i s  a r e a  i n  1982 

was due t o  naked s p e c i e s .

Gowen ( 1 9 8 4 ) ,  w i t h  d a t a  f rom S c o t t i s h  c o a s t a l  w a t e r s ,  shows 

t h a t  a weak ly  s t r a t i f i e d  w a t e r  column s u p p o r t s  a  h i g h e r  

p h y t o p l a n k t o n  b iomass  t h a n  e i t h e r  a w e l l  mixed o r  s t r a t i f i e d  

w a t e r  co lumn.  The h y p o t h e s i s  o f  M a r g a l e f  (1978)  t h a t

d i n o f l a g e l l a t e s  do m in a te  i n  more s t a b l e  w a t e r  columns (weakly and 

s t r o n g l y  s t r a t i f i e d  w a t e r  co lu m ns)  t h u s  seems to  h o ld  t r u e  f o r  

S c o t t i s h  c o a s t a l  w a t e r s .

I n  t h e  F i r t h  o f  Lorne  i n  1983 th e  f o u r  o u t e r m o s t  s t a t i o n s  

sampled seem t o  r e p r e s e n t  a  t r a n s i t i o n a l  a r e a  be tw een  a t h e r m a l l y  

s t r a t i f i e d  w a t e r  column o u t  to  s ea  and a s a l i n i t y  s t r a t i f i e d  

w a t e r  column f u r t h e r  i n s h o r e  (Oatham, 1 9 8 3 ) .  I n  t h i s

t r a n s i t i o n a l  a r e a ,  as  i n  t h e  Sound o f  J u r a  i n  1983,  h ig h  numbers  

o f  t h e c a t e  d i n o f l a g e l l a t e s  w e re  fo u n d .  High numbers  w e re  a l s o  

found  i n  t h e  s t r a t i f i e d  Lochs E i l  and L i n n h e .  The r e s t  o f  t h e

F i r t h  o f  Lorne  had lo w e r  numbers  t han  t h e s e  a r e a s .  I n  bo th  t h e

F i r t h  o f  Lorne  and t h e  Sound o f  J u r a  (and i n d e e d  i n  Loch C r e r a n )

many more t h e c a t e  d i n o f l a g e l l a t e s  w e re  found i n  1983 t h a n  1982.

Comparing t h e  l o c h s  sampled  on t h e  summer c r u i s e s  Loch 

C r e r a n  shows t h e  i m p o r t a n c e  o f  ' s o u r c e '  w a t e r .  I n  1982 d u r i n g

t h e  J u l y  c r u i s e s  t h e  t o t a l  numbers  of  t h e c a t e  d i n o f l a g e l l a t e s  pe r  

l i t r e  i n  Loch C r e r a n  w e r e  b e tw e en  900 and 2300 and  t h e s e  were  

dom in a te d  by S c r i p p s i e l l a  s p p .  Most o f  t h e  l o c h s  v i s i t e d  ( w i th  

t h e  e x c e p t i o n  o f  Lochs E i l  and M e l f o r t )  had  g r e a t e r  numbers  and
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v a r i e t y  o f  d i n o f l a g e l l a t e s  p r e s e n t  a t  t h i s  t i m e ,  a l t h o u g h  

S c r i p p s i e l l a  s p p .  was common e l s e w h e r e .  The p o p u l a t i o n  i n  Loch 

C r e r a n  was i n  k e e p i n g  w i t h  t h e  g e n e r a l l y  low numbers  i n  t h e  F i r t h  

of  Lorne  and t h e  o t h e r  l o c h  sampled i n  t h e  F i r t h  of  L o r n e ,  Loch 

L in n h e  /  E i l . I n  1983 d u r i n g  th e  June  -  J u l y  c r u i s e  t h e  t o t a l  

number  of  t h e c a t e  d i n o f l a g e l l a t e s  pe r  l i t r e  i n  Loch C re ra n  were  

be tw een  4 ,8 0 0  and 2 7 , 8 0 0 ,  a g a i n  dom ina ted  by S c r i p p s i e l l a  s p p .  

w i t h  P r o t o p e r i d i n i u m  b i p e s  common. T h i s  a g a i n  r e f l e c t s  the  

numbers  and s p e c i e s  p r e s e n t  in  t h e  F i r t h  of  L o rn e .  Numbers w ere  

more s i m i l a r  i n  t h i s  y e a r  t o  o t h e r  s o u t h e r n  w e s t  c o a s t  s e a - l o c h s  

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

The on ly  d i n o f l a g e l l a t e s  o c c u r r i n g  i n  S c o t t i s h  c o a s t a l  

w a t e r s  f o r  w h ic h  t h e r e  i s  c l e a r  e v id e n c e  of  t o x i c i t y  a r e  

G yrod in iu m  a u re o lu m  and Gonyaulax  t a m a r e n s i s . The fo rm er  was 

on ly  s e e n  once  i n  t h i s  s t u d y  (Loch C r e r a n ,  May 1 9 8 2 ) .  The 

d i s t r i b u t i o n  o f  Gonyaulax t a m a r e n s i s  a p p e a r s  to  have be e n  

w i d e s p r e a d  i n  1983 .  Some v a r i e t i e s  of  t h i s  s p e c i e s  complex form 

c y s t s  ( s e e  C h a p t e r  3 )  and a l t h o u g h  none  have been  found t o  d a t e ,  

i t  i s  p o s s i b l e  t h a t  t h e y  a r e  p r e s e n t  i n  such low numbers  t h a t  

t h e y  have  b e e n  m i s s e d .  I f  c y s t s  w ere  formed t h i s  o rgan i sm  c o u l d  

become a r e c u r r i n g  f e a t u r e  of  t h e  p h y t o p l a n k t o n  o f  t h e  S c o t t i s h  

w e s t  c o a s t .  The o t h e r  r i s k  t o  farmed f i s h  i s  t h a t  of  n o n - t o x i c  

p h y t o p l a n k t o n  blooms c a u s i n g  g i l l  c l o g g i n g  o r  d e o x y g e n a t i o n  o f  

t h e  w a t e r .  C l e a r l y  i n  S c o t t i s h  c o a s t a l  w a t e r s  t h e r e  a r e  many 

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

f o rm in g  blooms u n d e r  s u i t a b l e  c o n d i t i o n s .  The r e a d e r  i s  r e f e r r e d  

to  Gowen (1984 )  f o r  a d i s c u s s i o n  o f  t h e  l i k e l i h o o d  o f  

p h y t o p l a n k t o n  blooms on t h e  S c o t t i s h  w e s t  c o a s t .

With r e g a r d  t o  a q u a c u l t u r e  t h e  o t h e r  a r e a  o f  p o s s i b l e  

a n x i e t y  i s  t h a t  o f  s h e l l f i s h  f a r m i n g .  At t h e  moment t h i s  i s  a 

r e l a t i v e l y  m in o r  a c t i v i t y  i n  S c o t t i s h  w es t  c o a s t  s e a - l o c h s .  

How ever ,  as  a  c l e a n  and  s h e l t e r e d  e n v i r o n m e n t  t h e  s e a - l o c h s  

p r o v i d e  an i d e a l  s i t e  f o r  s h e l l f i s h  f a r m i n g .  T h e re  a r e  a  number
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of  s p e c i e s  t h a t  a r e  p o t e n t i a l l y  a problem h e r e ;  D i n o p h y s i s  

a c u m i n a t a , P r o r o c e n t r u m  m i c a n s , Gonyau lax t a m a r e n s i s  and 

Gonyaulax p o l y e d r a . T hese  s p e c i e s  a p p e a r  to  have a w i d e s p r e a d  

d i s t r i b u t i o n  and  r o u t i n e  m o n i t e r i n g  a t  c e r t a i n  t im e s  of  t h e  y e a r  

may be a d v i s a b l e .
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APPENDIX TO CHAPTER 6

POTENTIALLY TOXIC DINOFLAGELLATES OCCURING ON THE 

SCOTTISH WEST COAST

For  t h e  p u r p o s e s  of  t h i s  a p p e n d ix  t h e s e  s p e c i e s  a r e  d i v i d e d  

i n t o  t h e  c a t e g o r i e s  u s e d  by A y r e s ,  S e a to n  and T e t t  ( 1 9 8 2 ) : -

S p e c i e s  t o x i c  t o  m a r i n e  o r g a n i s m s  and i n d i r e c t l y  t o  man

Gonyaulax  t a m a r e n s i s  Lebour

Th i s  s p e c i e s  ( o r  g roup  of  s p e c i e s  -  s ee  C h a p te r  3)  i s  a 

s o u r c e  of  t h e  t o x i n s  i n  m o l l u s c s  r e s p o n s i b l e  f o r  P a r a l y t i c  

S h e l l f i s h  P o i s o n i n g  (PSP) i n  man.  P a s s a g e  of  t h e  t o x i n  t h ro u g h  

m a r i n e  food  c h a i n s  may a l s o  c a u s e  d e a t h s  i n  h i g h e r  t r o p h i c  l e v e l s  

( W h i t e ,  1 9 8 2 ) .  G. t a m a r e n s i s  has  a f f e c t e d  s h e l ^ k i s h e r i e s  i n  many 

p a r t s  o f  t h e  w o r l d  i n c l u d i n g  t h e  N o r t h - e a s t  c o a s t  of  B r i t a i n

where  t o x i n s  ha v e  b e e n  found  t o  b e  p r e s e n t  in  s h e l l f i s h  a n n u a l l y

s i n c e  1968 (Ayres  e t  a l . ,  1 9 8 2 ) .  I n  a  s u r v e y  o f  a l l  t h e  m a j o r

s h e l l f i s h e r i e s  i n  Eng land  and  Wales Ayres  and Cal lum (1978)  found 

t o x i c i t y  o n ly  on t h e  N o r t h - e a s t  c o a s t  o f  E n g la n d .  T o x i c i t y  h a s  

a l s o  b e e n  r e p o r t e d  f rom  t h e  S c o t t i s h  Nor th  Sea c o a s t  (Conn and 

F a r r a r d ,  1 9 7 0 ) .  T h e r e  i s  e v i d e n c e  t h a t  m u s s e l s  may become t o x i c  

due t o  c o n t i n u e d  e x p o s u r e  t o  low numbers  of  G. t a m a r e n s i s  c e l l s  

« 1 0 0 0  c e l l s  p e r  l i t r e ) .  E x a m in a t i o n  o f  M y t i l u s  gu t  c o n t e n t s  

(Ayres  and Cul lum,  1978)  and w a t e r  samples  (Y en tsch  and Hague ,  

1979)  s u g g e s t s  t h a t  c y s t s  may be  i m p o r t a n t  in  t h i s  r e s p e c t .

C y s t s  o f  t h e  G. t a m a r e n s i s  complex have  be e n  shown t o  be  more

t o x i c  t h a n  t h e i r  t h e c a t e  s t a g e s  ( D a l e ,  Y en tsch  and H u r s t ,  1978; 

Oshima e t  a l . ,  1 9 8 2 ) .  T h e r e  i s  w e l l  documented  e v i d e n c e  f o r  t h i s  

o r g a n i s m ' s  t o x i c i t y ,  h o w e v e r ,  i t  a p p e a r s  to  be  a s p e c i e s  complex 

and some forms /  v a r i e t i e s  a p p e a r  to  be  non—t o x i c .  T he re  i s  a l s o

UfiRA.RY
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e v i d e n c e  t h a t  t o x i n  c o n t e n t  i n c r e a s e s  w i t h  i n c r e a s i n g  s a l i n i t y  

( W h i t e ,  1 9 7 8 ) .  T h i s  s p e c i e s  h a s  b e e n  r e c o r d e d  from t h e  S c o t t i s h  

w e s t  c o a s t  (Dodge, 1 9 8 1 ) .  I n  t h i s  s tu d y  G. t a m a r e n s i s  was found 

to  be  w i d e s p r e a d  (from t h e  e n t r a n c e  to  t h e  Sound o f  J u r a  to  Loch 

S u n a r t )  i n  1983.

P r o r o c e n t r u m  minimum ( P a v i l l a r d )  S c h i l l e r

A l t h o u g h  t h i s  s p e c i e s  h a s  n o t  been  r e c o r d e d  from S c o t t i s h  

w a t e r s  i t  o c c u r s  i n  Norwegian w a t e r s  and b e c a u s e  of  t h e  

s i m i l a r i t y  o f  t h e s e  s i t u a t i o n s  ( s e e  C h a p te r  4 )  i t  was f e l t  w o r th y  

of  m e n t i o n  h e r e .  T o x in s  a r e  a g a i n  pas sed  t o  man t h ro u g h  

s h e l l f i s h  ( v e n e r u p i n  p o i s o n i n g ,  O ka ic h i  and Im atomi ,  1 9 7 9 ) .  

Tangen (1983)  d e s c r i b e s  a p o s s i b l e  i n c i d e n c e  of  v e n e r u p i n  

p o i s o n i n g  i n  Norway from O s l o f j o r d  m u s s e l s  h a r v e s t e d  a t  t h e  t ime 

of  a bloom o f  P.  minimum. Schmid t  and L o e b l i c h  (1979)  d e t e c t e d  

no p a r a l y t i c  s h e l l f i s h  p o i s o n  i n  t h i s  s p e c i e s .  T h i s  sm a l l  

s p e c i e s  c o u l d  e a s i l y  be o v e r l o o k e d  o r  c o n fu s e d  w i t h  t h e  o t h e r  

s m a l l  s p e c i e s  P r o r o c e n t r u m  b a l t i c u m  or  Mesoporos p e r f o r a t u s .

S p e c i e s  a s s o c i a t e d  w i t h  g a s t r o - e n t e r i c  d i s o r d e r s  i n  man

D i n o p h y s i s  a c u m i n a t a  C l a p a r e d e  and Lachmann

T h e r e  have  b e e n  a number of  i n c i d e n c e s  of  d i a r r h e t i c  m u s s e l  

p o i s o n i n g  i n  Dutch c o a s t a l  a r e a s  s i n c e  1961 ( K a t ,  1 9 8 3 ) .  The 

dom in an t  d i n o f l a g e l l a t e s  a t  t h e  t im e  of  the  o u t b r e a k s  w e re  

P r o r o c e n t r u m  s p p .  ( i n c l u d i n g  P. m ic a n s  and P. minimum) and t h e s e  

were i m p l i c a t e d  a s  t h e  l i k e l y  c a u s a t i v e  o rgan i sm s  ( K a t ,  1 9 7 9 ) .  

F u r t h e r  i n v e s t i g a t i o n s  i n t o  an i n c i d e n t  i n  1981 showed t h a t  the  

t o x i n  r e s p o n s i b l e  was a D i n o p h y s i s  -  t y p e  t o x i n .  T h i s  i n c i d e n t  

was p r e c e d e d  by a  bloom o f  D. a c u m i n a t a  ( c o n s i d e r a b l e  numbers  of  

t h i s  s p e c i e s  b e i n g  found  i n  t h e  m u s s e l s  d i g e s t i v e  t r a c t s )  and 

D. a c u m i n a t a  i s  now c o n s i d e r e d  t o  be  t h e  most  l i k e l y  s o u r c e  of  

t h e  t o x i n  ( K a t ,  1 9 8 3 a ) .  F u r t h e r  work w i t h  c u l t u r e s  i s  r e q u i r e d
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t o  c o n f i r m  t h i s .  Only t h e  l a r g e s t  blooms of  >20 ,000  c e l l s  pe r  

l i t r e  seemed t o  be  f o l l o w e d  by musse l  p o i s o n i n g .  T h i s  s p e c i e s  

h a s  been  r e c o r d e d  from t h e  S c o t t i s h  w es t  c o a s t  (Dodge, 1 9 8 1 ) .  I n

t h i s  s t u d y  i t  was found  i n  a l l  t h e  s e a - l o c h s  sa m p le d .

P r o r o c e n t r u m  m ic a n s  E h re n b e rg

As e x p l a i n e d  i n  t h e  p r e v i o u s  p a ra g r a p h  t h i s  s p e c i e s  was 

i n i t i a l l y  i m p l i c a t e d  i n  Dutch i n c i d e n t s  of  g a s t r o r e n t e r i c  

d i s o r d e r s .  T e s t s  a t  t h e  t ime  e l i c i t e d  no i l l  e f f e c t s  i n  m ic e

( K a t ,  1979)  and i t  seems more  l i k e l y  t h a t  D i n o p h y s i s  a c u m i n a t a

was r e s p o n s i b l e  f o r  t h e s e  i n c i d e n c e s .  A s u rv e y  f o r  PSP in  I r i s h  

w a t e r s  found  some t r a c e s  of  t o x i c i t y  a s s o c i a t e d  w i t h  blooms of  

P.  m ic a n s  (Dunne and P a r k e r ,  1 9 8 1 ) .  I n  t h i s  s tu d y  i t  was found 

i n  a l l  t h e  s e a - l o c h s  sa m p le d .

S p e c i e s  t o x i c  t o  m a r i n e  o r g a n i s m s  o r  t o  mice  i n  l a b o r a t o r y  t e s t s

Gonyau lax  p o l y e d r a  S t e i n

Red t i d e s  o f  G. p o l y e d r a  a r e  a common o c c u r r e n c e  i n  c e r t a i n  

p a r t s  o f  t h e  U n i t e d  S t a t e s  ( s e e  f o r  example Sweeney,  1 9 7 6 ) .  They 

h a v e  o c c a s i o n a l l y  been  a s s o c i a t e d  w i t h  m o r t a l i t i e s  of  m a r i n e  

o r g a n i s m s  ( s e e  f o r  example K o f o i d ,  1 9 1 1 ) .  I n  1962 S c h r a d i e  and 

B l i s s  r e p o r t e d  t e s t s  on m ic e  w i t h  e x t r a c t s  f rom l a b o r a t o r y  

c u l t u r e s  w h ic h  showed t h e  p r e s e n c e  of  t o x i n s  s i m i l a r  to  t h o s e  

r e s p o n s i b l e  f o r  PSP as  i s o l a t e d  from Gonyaulax c a t e n e l l a . 

The c r u d e  e x t r a c t  seemed t o  be l e s s  t o x i c  than  t h e  p u r i f i e d  

e x t r a c t ,  and t h u s  t h e  t o x i n  was p e rh a p s  i n h i b i t e d  by some o t h e r  

e x t r a c t  c o n s t i t u e n t .  O g u r i , S o u l e ,  Juge  and Abbo t t  ( 1975)  r e p o r t  

t h a t  e x t r a c t s  f rom c u l t u r e s  w e r e  t o x i c  to  f i s h  and t h a t  c e l l s  

h a r v e s t e d  from r e d  t i d e s  showed a wide  r a n g e  of  t o x i c i t y .  They 

c o n s i d e r  oxygen d e p l e t i o n  t o  be  t h e  m os t  l i k e l y  c a u s e  o f  f i s h  

d e a t h s  i n  t h e  s e a  and m e n t i o n  o b s e r v a t i o n s  of  g i l l  c l o g g i n g  and 

s u b s e q u e n t  d e a t h  o f  M y t i l u s . Sweeney (1975)  c ou ld  d e t e c t  no
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t o x i c i t y  i n  c u l t u r e s  o r  c e l l s  f rom r e d  t i d e s  and i n d e e d  P a t t o n  e t  

a l . (1967 ) examined  t h e  v a l u e  of  a r e d  t i d e  ( p r i n c i p a l l y  composed 

o f  G. p o l y e d r a ) as  food f o r  r a t s .  Most r e c e n t l y  Schmidt  and 

L o e b l i c h  ( 1 9 7 9 a )  found  l i t t l e  e v i d e n c e  of  t o x i c i t y  i n  a number of  

G. p o l y e d r a  c u l t u r e s  t e s t e d  a l t h o u g h  some e x t ^ c t s  d id  cause  

s l u g g i s h n e s s  i n  m ic e  t e s t e d .

T h e r e  m i g h t  be  s e v e r a l  r e a s o n s  f o r  t h e s e  v a r i a b l e  r e s u l t s .  

Crude e x t r a c t s  m i g h t  c o n t a i n  a t o x i n - i n h i b i t o r y  s u b s t a n c e  as  

d i s c u s s e d  by S c h r a d i e  and B l i s s  and p e rh a p s  w i t n e s s e d  by t h e  s u b -  

l e t h a l  e f f e c t s  found  by Schmid t  and L o e b l i c h .  There  i s  a l s o  some 

e v i d e n c e  t h a t  c e l l u l a r  c o n d i t i o n i n g  may i n f l u e n c e  t o x i n  

p r o d u c t i o n  ( s e e  u n d e r  Gyrod in ium a u r e o l u m ) i n  which  c a s e  the  

c o n d i t i o n s  o f  g rowth  b e f o r e  t e s t s  would  become v e r y  i m p o r t a n t .

T h e re  was a  bloom o f  G. p o l y e d r a  i n  1978 i n  B a n t ry  Bay

( I r e l a n d )  b u t  no a s s o c i a t e d  e v i d e n c e  o f  m o r t a l i t i e s  o r  t r a c e  of

PSP t o x i n s  w e r e  found  ( C r o s s  and S o u t h g a t e ,  1981;  Dunne and

P a r k e r ,  1 9 8 1 ) .  G. p o l y e d r a  i s  r e c o r d e d  from s e v e r a l  s i t e s  on t h e

S c o t t i s h  w e s t  c o a s t  (Dodge,  1 9 8 1 ) .  I n  t h i s  s tu d y  G. p o l y e d r a  was

found  o c c a s i o n a l l y  i n  w a t e r  s a m p l e s .  R e f e r e n c e  to  t h e  p r e s e n c e

of  L i n g u l o d i n i u m  machaerophorum ( i t s  c y s t )  i n  s e d im e n t  s a m p l e s ,
I in

h o w e v e r ,  seems to  show i t s  d i s t r i b u t i o n  t o  be  w i d e s p r e a d !

Gyrod in iu m  a u re o lu m  H u l b u r t

Th i s  s p e c i e s  h a s  been  a s s o c i a t e d  w i t h  m o r t a l i t i e s  of  w i l d

and c u l t i v a t e d  m a r i n e  o r g a n i s m s  t h r o u g h o u t  N o r t h e r n  Europe  ( s e e

f o r  example  Tangen ,  1977;  Boalch  and o t h e r s ,  1979; Ottway e t  a l . ,  

1979;  and J o n e s  1 9 8 2 ) .  Some o f  t h e  r e s u l t a n t  m o r t a l i t i e s

h a v e  p r o b a b l y  been  due to  oxygen d e p l e t i o n  ( s e e  f o r  example Helm

e t  a ^ . , 1 9 7 4 ) ,  T h e r e  i s ,  h o w e ve r ,  l a b o r a t o r y  e v i d e n c e  o f  t o x i c

e f f e c t s  o f  G. a u re o l u m  on M y t i l u s  e d u l i s  (Widdows e t  a l . ,  1979)

and r a i n b o w  t r o u t  ( R o b e r t s  ^ t  1 9 8 3 ) .  I n  a d d i t i o n  t h e r e  i s

some p r e l i m i n a r y  e v i d e n c e  to  s u g g e s t  t h a t  c u l t u r e  c o n d i t i o n s  may
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a f f e c t  t h e  t o x i c i t y  o f  t h i s  a l g a  (T u rn e r  ^  a l  1 9 8 4 ) ,  f i n d i n g s  

which may e x p l a i n  some of  t h e  a p p a r e n t l y  c o n t r a d i c t o r y  t o x i c i t y  

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

G. a u re o lu m  has  been  a s s o c i a t e d  w i t h  t h e  m o r t a l i t y  of  pond-  

r e a r e d  sa lm on  on t h e  S c o t t i s h  w es t  c o a s t  i n  1980 ( J o n e s  ^  a l . ,  

1 9 8 2 ) .  S i n c e  t h a t  t im e  i t  has  b e e n  o b s e r v e d  o n l y  o c c a s i o n a l l y  

and i n  low numbers  i n  S c o t t i s h  w a t e r s  (Gowen, 1 9 8 4 ) .

P r o r o c e n t r u m  l im a  ( E h r e n b e r g )  Dodge

P r o r o c e n t r u m  l im a  has  been  i m p l i c a t e d  i n  c i g u a t e r i c

p o i s o n i n g  ( S t e i d i n g e r ,  1983)  t h e  i n c i d e n c e  o f  which  i s  so f a r

r e s t r i c t e d  t o  t h e  t r o p i c s .  L a b o r a t o r y  e x p e r i m e n t s  r e v e a l  t h e  

p r e s e n c e  o f  a number of  t o x i n s  a l l  l e t h a l  t o  m ice  (Murakami,  ^

a l . ,  1 9 8 2 ) .  T h i s  s p e c i e s  i s  n o t  found i n  t h e  p l a n k t o n  b u t  i s

t y p i c a l  o f  s andy  and muddy s h o r e s  (Dodge, 1 9 8 2 ) .  I t  has  been  

found a t  a number of  S c o t t i s h  w e s t  c o a s t  s i t e s  (Dodge,  1981;  

Dodge, u n p u b . o b s . )  .

S p e c i e s  a s s o c i a t e d  w i t h  mass  m o r t a l i t i e s  o f  f i s h  and /  o r  

i n v e r t e b r a t e s

A y re s  ^  al^. (1982)  i n c l u d e  a l a r g e  number of  s p e c i e s  i n  

t h i s  c a t e g o r y  o f  which  t h e  f o l l o w i n g  o c c u r  i n  S c o t t i s h  w a t e r s : -

C e r a t i u m  f u r c a  ( E h r e n b e r g )  C l a p a r e d e  and Lachmann 

C e r a t i u m  t r i p o s  (O .F .  M u l l e r )  N i t z s c h  

Gonyau lax  g r i n d l e y i  R e ine cke  

Gymnodinium s p l e n d e n s  Lebour  

H e t e r o c a p s a  t r i q u e t r a  ( E h r e n b e r g )  S t e i n  

P o l y k r i k o s  s c h w a r t z i i  B u t s c h l i  

P r o t o p e r i d i n i u m  dep res sum  ( B a i l l i e )  B a lech  

S c r i p p s i e l l a  t r o c h o i d e a  ( S t e i n )  L o e b l i c h  I I I
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The o r i g i n a l  d e s c r i p t i o n  o f  Gonyaulax g r i n d l e y i  R e in e ck e  

comes from a bloom o f f  t h e  w e s t  c o a s t  of  South A f r i c a ,  and 

R e in e c k e  (1967 ) m e n t io n e d  t h a t  a p a r a l y t i c  t o x i n  was found  i n  

s h e l l f i s h  c o l l e c t e d  from a r e a s  a f f e c t e d  by t h i s  b lo o m . De 

V i l l i e r s  (19 7 5 )  d e s c r i b e s  t h e  r e c o v e r y  o f  a p o p u l a t i o n  o f  w h i t e  

sand  m u s s e l s  a f t e r  a mass m o r t a l i t y  c a u s e d  by a bloom o f  

G. g r i n d l e y i  b u t  i t  i s  n o t  c l e a r  w h e t h e r  t h e s e  e f f e c t s  w e r e  due 

to  oxygen d e p l e t i o n  o r  to  t o x i c i t y .  Schmid t  and L o e b l i c h  (1979a)  

found  no p a r a l y t i c  s h e l l f i s h  p o i s o n  i n  c u l t u r e s  of  t h i s  s p e c i e s .  

G. g r i n d l e y i  h a s  been  found  a t  a number of  S c o t t i s h  w e s t  c o a s t  

s i t e s  (Dodge ,  1 9 8 1 ) .  I n  t h i s  s tu d y  i t  was found i n  a number of 

s e a - l o c h s .

The r e s t  o f  t h e  s p e c i e s  on t h i s  l i s t  have p r o b a b ly  on ly  been  

a s s o c i a t e d  w i t h  m o r t a l i t i e s  of  o rgan i sm s  due to  i n d i r e c t  e f f e c t s  

( e . g .  oxygen d e p l e t i o n  by C e ra t iu m  t r i p o s , Mahoney and S t e i m l e ,  

1979)  o r  c o - o c c u r r e n c e  w i t h  a g e n u i n e l y  t o x i c  s p e c i e s .  Ayres  ^  

a l . g i v e  no r e f e r e n c e s  to  s u b s t a n t i a t e  t h e i r  i n c l u s i o n  i n  t h i s  

l i s t .  Most a r e  common n e r i t i c  d i n o f  l a g e l l a t e s  and t h e i r  l a c k  o f  

p ro m in e n ce  i n  t h e  t o x i c i t y  l i t e r a t u r e  s u g g e s t s  they  a r e  n o t  a 

s e r i o u s  p r o b le m .
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CHAPTER 7

DISTRIBUTION OF DINOFLAGELLATE CYSTS ON THE SCOTTISH

WEST COAST

INTRODUCTION

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

i m p o r t a n t  p a l a e o e c o l o g i c a l  t o o l  ( H a r l a n d ,  1 9 8 2 ) .  S t u d i e s  of  t h e  

d i s t r i b u t i o n  o f  t h e i r  modern c o u n t e r p a r t s  i n  r e c e n t  s e d i m e n t s ,  as  

r e l a t e d  t o  p r e s e n t  day e n v i r o n m e n t a l  f a c t o r s  have  t h e r e f o r e  been  

made i n  a number of  a r e a s  by p a l y n o l o g i s t s  (Nor th  A t l a n t i c ,  

W i l l i a m s ,  1971;  South West A f r i c a ,  Davey and R o g e r s ,  1975;  

T r o n d h e i m s f j o r d .  D a l e ,  1976;  N o r t h e a s t e r n  J a p a n ,  M atsuoka ,  1976;  

B r i t t a n y ,  M o r z a d e c - K e r f o u r n , 1 9 7 7 ) .  The m o s t  e x t e n s i v e  of  such

s t u d i e s  i s  t h a t  o f  W a l l ,  D a l e ,  Lohmann and Smith (1977)  c o v e r i n g  

t h e  N o r th  and South  A t l a n t i c  oc e an s  and a d j a c e n t  s e a s .  Of 

p a r t i c u l a r  p e r t i n e n c e  to  t h i s  s t u d y  i s  the  work  o f  Reid on

i n t e r t i d a l  s e d i m e n t s  f rom a round  t h e  U n i ted  Kingdom ( R e id ,

1 9 7 2 a , b ,  1974 ,  1975 and 1977)  and t h a t  of  H a r la nd  on r e c e n t

s e d i m e n t s  f rom a ro u n d  t h e  U n i t ed  kingdom and t h e  N or th  A t l a n t i c  

( H a r l a n d ,  1977 and 1 9 8 3 ) .

T h e s e  s t u d i e s  have  shown t h a t  p a r t i c u l a r  c y s t  a s se m b la g e s

can o f t e n  be r e l a t e d  t o  e n v i r o n m e n t a l  f a c t o r s .  These  i n f l u e n c e s  

were  summarized  by Reid  and H a r la n d  (1977)  as

a )  l a t i t u d e  ( e n c o m p a s s in g  such v a r i a b l e s  a s  s o l a r  r a d i a t i o n ,  

t e m p e r a t u r e  and c l i m a t e ) ;

b )  w a t e r  d e p t h  ( t y p i f i e d  i n  o f f s h o r e  /  o n s h o r e  

d i f f e r e n t i a t i o n ) ;

c )  w a t e r  m a s s e s  ( h a v i n g  d i f f e r e n t  h y d r o g r a p h i c  r e g i m e s ) ;

and

d)  s e d i m e n t a r y  f a c t o r s  ( f o r  example s e l e c t i v e  

c o n c e n t r a t i o n ) .
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Wall  e_t a l .  ( 1977)  expanded t h e s e  i d e a s  and p ro p o se d  an  

e c o l o g i c a l  c l a s s i f i c a t i o n  f o r  e x t a n t  c y s t  s p e c i e s .  The 

de ve lopm en t  o f  t h e s e  s p e c i e s  g roups  was f u r t h e r  j u s t i f i e d  by 

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

each w i t h  t h e i r  own s t a b i l i t y ,  p r e d i c t a b i l i t y  and s e v e r i t y  

c h a r a c t e r i s t i c s .  Wall  ^  c o nc lude d  t h a t  l i v i n g  f o s s i l i z a b l e  

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

( u n p r e d i c t a b l e )  m a r i n e  c l i m a t e s  of  s h a l l o w  w a t e r s  t y p i c a l  of 

c o n t i n e n t a l  m a r g i n s  and o c e a n i c  a r c h i p e l a g o s .  However ,  w i t h i n  

t h i s  p a t t e r n  some i n d i v i d u a l  s p e c i e s  t ended  t o  be  a d a p t e d  t o  

s t a b l e  s e c t o r s  of  t h e  e n v i r o n m e n t  and such l o c a l i z e d  s p e c i e s  w ere  

o f  t h e  g r e a t e s t  i n t e r e s t  w i t h  r e g a r d  t o  p a l a e o e c o l o g y .

The o t h e r  m a in  body of  work a b o u t  c y s t  d i s t r i b u t i o n  a r e  

t h o s e  s t u d i e s  c o n c e r n e d  w i t h  t h e  r o l e  of  c y s t s  i n  d i n o f l a g e l l a t e  

bloom i n i t i a t i o n .  E a r l y  s t u d i e s  showed t h a t  c y s t s  w ere  

p o t e n t i a l l y  i m p o r t a n t  i n  t h e  i n i t i a t i o n  o f  blooms ( S t e i d i n g e r ,  

1975;  A nderson  and W a l l ,  1 9 7 8 ) .  S i n c e  t h e n  t h e  d i s t r i b u t i o n  o f  

c y s t s  o f  bloom s p e c i e s  ( e s p e c i a l l y  Gonyaulax t a m a r e n s i s  /  

e x c a v a t a ) h a s  be e n  e x t e n s i v e l y  s t u d i e d  (Lewis  ^  a l . ,  1979;  White  

and L e w is ,  1982;  A n d e r s o n ,  K u l i s ,  Orphanos and C e u r v e l s , 1982;  

A n d e r s o n ,  A u b e r e y ,  T y l e r ,  and C o a t s ,  1982;  T h a y e r ,  ^  a ^ . , 1 9 8 3 ) .  

D i s t r i b u t i o n  o f  t h e s e  bloom s p e c i e s  seems to  b e  h e a v i l y  

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

d e p o s i t i o n  ( f o r  example  f r o n t a l  c o n v e r g e n c e s )  and l a t e r  (by 

s e l e c t i v e  c o n c e n t r a t i o n  a f t e r  d e p o s i t i o n  by c u r r e n t s )  ( T y l e r  

C oa t s  and A n d e r s o n ,  1982;  White  and Lew is ,  1 9 8 2 ) .  Work h a s  a l s o  

been  c a r r i e d  o u t  on t h e  d i s t r i b u t i o n  o f  c y s t s  w i t h i n  t h e  

s e d i m e n t s  w h ic h  shows t h a t  t h e r e  a r e  s i g n i f i c a n t  s u b s u r f a c e  

a c c u m u l a t i o n s  o f  c y s t s  o f  bloom s p e c i e s  (A nderson ,  A ubrey ,  T y l e r  

and C o a t s ,  1 9 8 2 ) .

Few o f  e i t h e r  of  t h e s e  t y p e s  o f  s t u d i e s  have  i n c l u d e d  

s im u l t a n e o u s  e x a m i n a t i o n  o f  t h e  w a t e r  column and  t h e  s e d i m e n t s .  

Where t h i s  h a s  b e e n  done o f t e n  i t  has  o n ly  s e r v e d  t o  h i g h l i g h t
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t h e  a p p a r e n t  d i f f e r e n c e s  be tw een  t h e  d i n o f l a g e l l a t e  p o p u l a t i o n  

p r e s e n t  i n  t h e  w a t e r  column and t h a t  p r e s e n t  i n  t h e  s e d im e n t s  

( f o r  example  Davey and R o g e r s ,  1975;  R e id ,  1972a; and M a tsuoka ,  

1 9 7 6 ) .  The r e a s o n s  f o r  t h i s  a r e  t h r e e f o l d .  F i r s t l y ,  few o f  the  

m a r i n e  m o t i l e  d i n o f l a g e l l a t e s  a p p e a r  to  p roduce  c y s t s  (most c y s t  

p r o d u c i n g  s p e c i e s  b e i n g  c o n f i n e d  t o  t h e  g e n e ra  P r o t o p e r i d i n i u m  

and G o n y a u l a x ) . S e c o n d l y ,  t h e  w a t e r  column samples  r e p r e s e n t  

v e r y  s m a l l  i n t e r v a l s  of  t ime w h e r e a s  the  s e d im e n t s  p r o v id e  

i n f o r m a t i o n  i n t e g r a t e d  o v e r  a l a r g e  p e r i o d  o f  t i m e .  T h i r d l y ,  

s e l e c t i v e  t r a n s p o r t  p r o c e s s e s  may r e s u l t  i n  t h e  c o n c e n t r a t i o n  o f  

c y s t s  i n  a r e a s  d i s t a n t  f rom r e g i o n s  of  i n i t i a l  d e p o s i t i o n .  These  

t h r e e  p r o c e s s e s  o f t e n  r e s u l t  in  t h e  a p p a r e n t  over  r e p r e s e n t a t i o n  

of  c e r t a i n  s p e c i e s  i n  t h e  s e d im e n t s  ( D a le ,  1 9 7 6 ) .  An e x t r a  

p rob lem  f o r  p a l a e o e c o l o g i s t s  i s  t h a t  v a r i a b l e  p r e s e r v a t i o n  o f  

c y s t s  may f u r t h e r  s e l e c t i v e l y  d i s t o r t  t h e  f o s s i l i z e d  

d i n o f l a g e l l a t e  p o p u l a t i o n .

D e s p i t e  t h e s e  p rob lem s  t h e  i n t e g r a t e d  i n f o r m a t i o n  t h a t  can 

be p r o v i d e d  by a n a l y s i s  o f  c y s t s  f rom r e c e n t  s e d im e n t  samples  i s  

a u s e f u l  a d d i t i o n  t o  p l a n k t o n  s u r v e y s .  I t  can p r o v id e  

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

i n  t h e i r  m o t i l e  s t a g e s  ( s e e  C h a p t e r  3)  as  w e l l  as  i n f o r m a t i o n  on 

s p e c i e s  n o t  p r e s e n t  a t  t h e  t im e  of  t h e  y e a r  t h e  w a t e r  s a m p l ing  

took  p l a c e  o r  even  d u r i n g  s e v e r a l  p r e v i o u s  y e a r s  ( D a le ,  1 9 8 3 ) .  

Dale  (19 7 6 )  found t h a t  a t  l e a s t  5 y e a r s  of  p l a n k t o n  r e c o r d s  w ere  

n e e ded  t o  compare w a t e r  and s e d im e n t  s a m p l e s .  The u s e  of  

s e d im e n t  s a m p l in g  t o  su p p le m e n t  a  l i m i t e d  programme of  p l a n k t o n  

s a m p l in g  may p r o v i d e  i n f o r m a t i o n  on d i n o f l a g e l l a t e s  more 

e f f i c i e n t l y  t h a n  a long  programme of  p l a n k t o n  sam p l ing  a l o n e .

MATERIALS AND METHODS

Samples  w e r e  c o l l e c t e d  and  co u n te d  a s  d e s c r i b e d  i n  C h a p t e r  

2 .  As f a r  a s  p o s s i b l e  b e tw e e n  100 and 200 c y s t s  w e re  c o u n te d  i n  

each  s a m p l e .  Sometimes  b e c a u s e  of  p a u c i t y  o f  c y s t s  t h i s  was n o t
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p r a c t i c a b l e  and such  s am p les  a r e  marked  a c c o r d i n g l y .  The to p  5 cm 

o f  s e d im e n t  was sam pled ;  i n  one c a s e  1 cm s e c t i o n s  of a c o re  w ere  

t a k e n  down t o  5 cm w i t h  an a d d i t i o n a l  5 -  10 cm deep  sample to  

a s s e s s  t h e  d i s t r i b u t i o n  o f  c y s t s  w i t h i n  t h e  s e d i m e n t .

RESULTS

Some 57 s i t e s  w e re  sa m p le d ,  s e v e r a l  o f  t h e s e  on more than 

one o c c a s i o n :  t h u s ,  e x c l u d i n g  t h e  s e a s o n a l  i n v e s t i g a t i o n s

d e s c r i b e d  i n  C h a p t e r  5 ,  72 sam ples  have  been  c o u n t e d .  R e s u l t s  of

t h e s e  c o u n t s  w i l l  be d e p o s i t e d  i n  t h e  S.M.B.A. and Royal  Holloway 

C o l l e g e  l i b r a r i e s  and o n l y  c e r t a i n  f e a t u r e s  d e s c r i b e d  h e r e .  A 

l i s t  o f  s p e c i e s  found i s  g i v e n  i n  Tab le  7 . 1 .  C e r t a i n  g roups  of  

s p e c i e s  w e r e  c o u n te d  a s  o n e ,  d e t a i l s  of  s p e c i e s  i n c l u d e d  i n  t h e s e  

g roups  b e i n g  g i v e n  i n  C h a p t e r  3 .

T a b l e  7 . 1  : Cys t  s p e c i e s  and g ro u p s  found  d u r i n g  t h i s  s t u d y

?E p i d in i u m  s h a g r in u m  

L i n g u l o d i n i u m  machaerophorum 

O p e r c u l o d i n i u m  c e n t r o c a r p u m  

P o l y k r i k o s  s p p .

? P r o t o p e r i d i n i u m  minutum 

Q u i n q u e c u s p i s  c o n c re tu m  

Round,  brown c y s t s  

S c r i p p s i e l l a  ? sweeney i  

S c r i p p s i e l l a  s p p .  

Se l en o p e m p h ix  sp 

S p i n i f e r i t e s  s p p .  

S t e l l a d i n i u m  s t e l l a t u m  

T r i n o v a n t e d i n i u m  c a p i t a t u m  

V o ta d in iu m  calvum 

V o ta d in iu m  sp in osum  

X a n da rod in ium  xanthum

Gonyaulax  p o l y e d r a  

Gonyaulax  g r i n d l e y i

P r o t o p e r i d i n i u m  l e o n i s

P r o t o p e r i d i n i u m  conicum

P r o t o p e r i d i n i u m  compressum 

P r o t o p e r i d i n i u m  pentagonum 

P r o t o p e r i d i n i u m  oblongum 

P r o t o p e r i d i n i u m  c l a u d i c a n s  

P r o t o p e r i d i n i u m  d i v a r i c a t u m
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Cys t s  w e re  c o u n te d  a s  b e i n g  ' e m p t y '  o r  ' f u l l ' .  No a t t e m p t  

was made to  a s c e r t a i n  t h e  v i a b i l i t y  of  t h o s e  c y s t s  t h a t  had no t  

h a t c h e d .  Fo r  t h e  p u r p o s e s  of  t h i s  d i s t r i b u t i o n a l  s u r v e y  ' e m p t y '  

and ' f u l l '  c o u n t s  w e re  added t o g e t h e r .  On t h e  whole  the  

p e r c e n t a g e  of  f u l l  c y s t s  was g r e a t e s t  w i t h i n  t h e  s e a - l o c h s  (mean 

60%) and l e s s  i n  t h e  F i r t h s  and Sounds (mean 35%) a l t h o u g h  t h e s e  

f i g u r e s  w e re  somewhat  v a r i a b l e .

The r e s u l t s  d i s c u s s e d  h e r e  a r e  the  l a t e s t  (and h e n c e  m os t  

a c c u r a t e )  c o u n t s ,  where  a s i t e  was v i s i t e d  on more than  one 

o c c a s i o n ,  and f o r  s t a t i o n  C5 i n  Loch C re ra n  an  a v e r a g e  b a s e d  on 

10 s e p a r a t e  s a m p l e s .

F i g u r e  7 . 1  shows t h e  t o t a l  numbers  of  c y s t s  per  gram d ry  

w e i g h t  of  s e d i m e n t .  The number of  c y s t s  p r e s e n t  i n  S c o t t i s h  w e s t  

c o a s t  s e d i m e n t s  seems to  v a r y  g r e a t l y .  On t h e  whole  t h e  h i g h e s t  

numbers  of  c y s t s  w ere  found w i t h i n  t h e  s e a - l o c h s  ( f o r  example 

West  Loch T a r b e r t  and Loch C r e r a n )  r a t h e r  than  i n  t h e  F i r t h s  and 

Sounds ,  b u t ,  some l o c h s  ( f o r  example E t i v e  and E i l )  had v e r y  low 

numbers  o f  c y s t s  p e r  gram d r y  w e i g h t  of  s e d i m e n t .

F i g u r e s  7 . 2  t o  7 . 7  show t h e  d i s t r i b u t i o n  o f  t h e  c y s t  t y p e s  

found t o  o c c u r  i n  s i g n i f i c a n t  numbers  i n  t h i s  s t u d y .  Of t h e  

c y s t s  i n  t h e  s i z e  f r a c t i o n  examined t h e  m os t  numerous s p e c i e s  was 

L i n g u l o d i n i u m  machaerophorum (Gonyaulax  p o l y e d r a ) .  F i g u r e  7 . 2  

shows i t s  d i s t r i b u t i o n .  T h i s  s p e c i e s  was found a t  a l l  s i t e s  

sampled and  was p r e s e n t  i n  g r e a t e s t  numbers  w i t h i n  t h e  s e a - l o c h s ,  

n o t a b l y  West  Loch T a r b e r t  and Loch C r e r a n .  I n  c o n s i d e r i n g  

o v e r a l l  dom inance  i t  m u s t ,  h ow e ve r ,  be remembered t h a t  a 

c o n s i d e r a b l e  number o f  S c r i p p s i e l l a  c y s t s  were l o s t  t h ro u g h  t h e  

f i n e  s i e v e  and t h u s  t h a t  t h e  d i s t r i b u t i o n  o f  t h i s  group  shown i n  

F i g u r e  7 . 3  u n d e r s t a t e s  t h e  abundance  o f  what  a p p e a r s  to  be  a v e r y  

common s p e c i e s  on t h e  S c o t t i s h  West C o a s t .
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F i g u r e  7 . 1  : T o t a l  numbers  o f  c y s t s  

p e r  gram d r y  w e i g h t  o f  

s e d i m e n t

«

2 . 8  1 . 4

Û '

Numbers  x  10 

 ' = < 100  c o u n t e d
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F igu re 7 .2  ; Numbers o f  L ingulodinium  

machaerophorum per gram dry 

w eig h t o f  sedim ent

«

O '

Numbers x 10

+ = < 1 0  c y s t s  counted
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F igure 7 .3  : Numbers o f  S c r ip p s ie l la  spp. 

c y s t s  per gram dry w eigh t o f  

sedim ent

g

0 . 5 V  %

Numbers x 10
+ = <10 cysts counted
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F igure 7 .4  : Numbers o f  Round, brown c y s ts  

per gram dry w eigh t o f  sed im ent

(

%
.3

Oban 0 .2

0

Numbers x 10
+ = <10 cysts counted
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F i g u r e  7«5* Numbers  o f  S p i n i f e r i t e s  s p p .  

p e r  gram d r y  w e i g h t  o f  s e d i m e n t

t

1 ^ 0  ban

. ' p . . ,

Numbers x 10
+ = < 10 cysts counted
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F i g u r e  7 . 6  ; Numbers  o f  T r i n o v a n t e d i n i u m 

c a p i t a t u m  p e r  gram d r y  w e i g h t  

o f  s e d i m e n t

t

Numbers x 10
+ = < 10 cysts counted
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F igu re 7«7 : Numbers o f  Selenopem phix sp 

per gram dry w eigh t o f sedim ent

i

'P u

Numbers x 10
+ = ^10 cysts counted
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The n e x t  m os t  numerous g roup  w e re  Round, brown c y s t s  

( d e s c r i b e d  i n  F i g .  7 . 4 ) .  Aga in  t h e s e  w ere  p r e s e n t  in  g r e a t e s t  

numbers  w i t h i n  t h e  s e a - l o c h s  n o t a b l y  Loch M e l f o r t  and Loch 

T o r r i d o n .  S p i n i f e r i t e s  s p e c i e s  ( F i g .  7 . 5 )  and T r in o v a n t e d i n i u m  

c a p i t a t u m  (P r o t o p e r i d i n i u m  pen tagonum ) ( F i g .  7 . 6 )  a l s o  a p p e a r  to  

be w i d e s p r e a d  a l t h o u g h  t h e y  were p r e s e n t  in  f a i r l y  low num bers .  

Se lenopem ph ix  (P r o t o p e r i d i n i u m  c o n ic u m ) ( F i g .  7 . 7 )  was p r e s e n t  in  

low numbers  i n  m os t  s am ples  t a k e n  e x c e p t  f o r  t h o s e  from t h e  

s o u t h e r n  p a r t  of  t h e  s t u d y  a r e a  ( n o t a b l y  t h e  F i r t h  of  C l y d e ) .

Of t h e  o t h e r  c y s t  s p e c i e s  m e n t i o n e d  i n  Tab le  7 . 1  

S t e l l a d i n i u m  s t e l l a t u m  ( P r o t o p e r i d i n i u m  compressum) and 

X anda rod in ium  xanthum ( P r o t o p e r i d i n i u m  d i v a r i c a t u m ) were t h e  m o s t  

r a r e .  The o t h e r  s p e c i e s  o c c u r r e d  s p o r a d i c a l l y  i n  many p a r t s  of 

t h e  s a m p l in g  a r e a .

F i g u r e  7 . 8  shows a g r a p h  of  t h e  d i s t r i b u t i o n  o f  c y s t s  w i t h  

d e p th  i n  t h e  one c o r e  i n  wh ich  t h i s  was s t u d i e d .  The s p e c i e s  

c o m p o s i t i o n  r em a in e d  f a i r l y  c o n s t a n t  down t h e  c o r e  and a l t h o u g h  

t h e  t o t a l  number  o f  c y s t s  d i d  f l u c t u a t e  by 30% t h i s  v a r i a t i o n  was 

n o t  t h o u g h t  s i g n i f i c a n t .  The p e r c e n t a g e  of  f u l l  c y s t s  d id  

d e c r e a s e  s l i g h t l y  i n  t h e  t o p  4 cm o f  t h e  c o re  b u t  r e v e r t e d  t o  the  

s e d i m e n t - s u r f a c e  v a l u e  b e lo w  5 cm.

DISCUSSION

The numbers  o f  c y s t s  p e r  gram d ry  w e i g h t  o f  s e d im e n t  v a r i e s  

g r e a t l y  i n  t h e  a r e a  s t u d i e d .  V a lue s  of  373 to  15 ,431  (mean 3 ,6 30  

b a s e d  on 28 s a m p l e s )  have  b e e n  found  i n  t h e  s e a - l o c h s  s t u d i e d .  

T h i s  compares  w i t h  3 ,4 1 6  to  16 ,1 0 6  (mean 10 ,032  b a s ed  on 4 

s a m p l e s )  g i v e n  by Wall  ejt al^. ( 1977)  f o r  f j o r d s  i n  s o u t h e r n  

Norway* C o n s i d e r i n g  t h e  p r o b a b l e  u n d e r e s t i m a t i o n  o f  c y s t  numbers

i n  t h i s  s t u d y  t h e s e  f i g u r e s  by Wall  e t  a l .  compare w e l l  w i t h  

t h o s e  from most  of  t h e  S c o t t i s h  l o c h s  s t u d i e d  w i t h  t h e  e x c e p t i o n  

of  t h e  few l o c h s  ( E i l ,  E t i v e ,  C r a i g n i s h  and C a o l i s p o r t )  where
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F i g u r e  7*8 : D i s t r i b u t i o n  o f  c y s t s  down c o r e  from 

Loch M e l f o r t

C y s t  d i s t r i b u t i o n  shown a s  Log numbers  p e r  gram 

d r y  w e i g h t  o f  s e d i m e n t ,  and  'io o f  f u l l  c y s t s .

LOG NOS V - 3 9 

% —  100
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numbers  w e re  low .  The numbers  of  c y s t s  pe r  gram d r y  w e i g h t  of  

s e d im e n t  i n  t h e  F i r t h s  and Sounds was low er  (89 t o  2 , 6 9 4 ;  mean 

1 ,2 0 4  b a s e d  on 27 s a m p l e s )  a l s o  i n  k e e p in g  w i t h  f i g u r e s  g iv e n  by 

Wall  e_t ( 1 9 7 7 ) .  C o n s i d e r a b l e  l o c a l  v a r i a t i o n  was e n c o u n t e r e d  

i n  t h e s e  n e a r s h o r e  s e d im e n t s  a s  h a s  been  n o t e d  by o t h e r  a u t h o r s  

( f o r  example Wall  £ t  a l^ . , 1 9 7 7 ) .  The h igh  c y s t  d e n s i t i e s  i n  t h e

s e a - l o c h s  i s  p r o b a b l y  due to  a c o m b i n a t i o n  o f  h ig h  l o c a l  

p r o d u c t i o n  o f  c y s t s  (as  documented f o r  Loch C r e r a n ,  see  C h a p te r  

5 )  and t h e  s e d i m e n t - t r a p p i n g  n a t u r e  of  s e a - l o c h s  ( D a le ,  1 9 7 6 ) .  

So why do some s e a - l o c h s  have  c o m p a r a t i v e l y  low numbers  of  c y s t s ?  

S e v e r a l  r e l e v a n t  f a c t o r s  have  be e n  s u g g e s t e d  by o t h e r  w o r k e r s  

( f o r  example  Ba lch  ejt a ^ . ,  1983)

a )  Low p r o d u c t i o n  o f  c y s t s  b e c a u s e  of  few p a r e n t a l  m o t i l e

c e l l s  ;

b )  a h i g h  s e d i m e n t a t i o n  r a t e  w i t h i n  t h e  s e a - l o c h  e f f e c t i v e l y  

d i l u t i n g  t h e  numbers  o f  c y s t s  fo u n d ;

c ) Poor  d e p o s i t i o n a l  e n v i r o n m e n t  w i t h  f i n e  s e d im e n t s  and 

c y s t s  washed o u t  o f  t h e  l o c h  by a h i g h  f l u s h i n g  r a t e .

Loch E t i v e  i s  a long  s e a - l o c h  w i t h  d e e p  b a s i n s ,  i t  has  a 

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

t h e  y e a r  ( T e t t ,  u n p u b l .  d a t a ) .  I n  a d d i t i o n  i t  has  a h igh  

c a t c h m e n t  a r e a  and a l a r g e  f r e s h w a t e r  i n p u t  which  b r i n g s  i n  much 

t e r r e s t r i a l  d e b r i s  (Anse l 1 ,  1 9 7 4 ) .  So a l t h o u g h  i t  i s  a good

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

f a c t o r s  a r e  l i k e l y  t o  combine t o  g i v e  a po o r  d i n o f l a g e l l a t e  c y s t  

p o p u l a t i o n  i n  t h e  s e d i m e n t s .  Loch E i l ,  h ow e ve r ,  seems to  have a 

no rmal  s e a - l o c h  m o t i l e  d i n o f l a g e l l a t e  p o p u l a t i o n  (from t h e  few 

w a t e r  s am ples  examined  i n  t h i s  s t u d y ) ,  bu t  p r o b a b l y  has  a  h igh

s e d i m e n t a t i o n  r a t e  and t h i s  may e x p l a i n  i t s  po o r  d i n o f l a g e l l a t e

c y s t  p o p u l a t i o n .  Loch C a o l i s p o r t  i s  a s m a l l  s h a l l o w  s e a - l o c h  

w i t h  a r e l a t i v e l y  d e e p  e n t r a n c e  s i l l  (20m) ( M i l n e ,  1972)  and
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a l t h o u g h  i t s  m o t i l e  d i n o f l a g e l l a t e  p o p u l a t i o n  seemed normal  on 

t h e  one o c c a s i o n  i t  was sampled i t  seems l i k e l y  t h a t  t h e  l o c h  i s  

w e l l  f l u s h e d .  Loch C r a i g n i s h  has  a low f l u s h i n g  (Gowen, 1984)  

b u t  t h e  m o t i l e  d i n o f l a g e l l a t e  p o p u l a t i o n  was low on t h e  o c c a s i o n s  

i t  was v i s i t e d .  T h e r e  i s  l i t t l e  f u r t h e r  d a t a  a v a i l a b l e  a b o u t  t h e  

l a t t e r  two l o c h s  and so  i t  i s  d i f f i c u l t  to  a s s e s s  t h e  f a c t o r s  a t  

w ork .

Some s t u d i e s  ( T y l e r  ^ £ l . ,  1982;  Balch e £ a l . ,  1983)  have

n o t e d  t h e  c o n c e n t r a t i o n  o f  c y s t s  a t  f r o n t a l  b o u n d a r i e s .  T h i s  

e f f e c t  was n o t  o b s e r v e d  i n  t h i s  s t u d y  in  t h e  s e c t i o n  t a k e n  a c r o s s  

t h e  f r o n t a l  r e g i o n s  i n  t h e  Sound o f  J u r a  b u t  s i n c e  t h e s e  f r o n t s  

a p p e a r  q u i t e  v a r i a b l e  i n  p o s i t i o n  ( Jone s  ^ £ l . ,  1984)  t h e y  may

n o t  r e s u l t  i n  a marked  d e l i n e a t i o n  a t  t h e  s e a - b e d .

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

t h o s e  d e s c r i b e d  by H a r l a n d  (1977 ,  1983)  i n  S c o t t i s h  c o a s t a l

w a t e r s .  Much of  t h e  s a m p l in g  f o r  h i s  s t u d i e s  w a s ,  how ever ,  

f u r t h e r  o f f s h o r e  t h a n  m os t  o f  t h e  samples  t a k e n  i n  t h i s  s t u d y ,  

and some d i f f e r e n c e s  i n  t h e  p r o p o r t i o n s  of  s p e c i e s  a r e  a p p a r e n t .  

Most n o t i c a b l e  a r e  t h e  sm a l l  numbers  of O p e rc u lo d in iu m  

c e n t r o c a r p u m  (Gonyau lax  g r i n d l e y i ) found i n  t h i s  s t u d y .  However ,  

i n  o f f s h o r e  a r e a s  w h e r e  d i r e c t  com pa r i sons  can be made ( f o r

example  t h e  Sound o f  J u r a  and b o r e h o l e s  75 /40  and 75 /43  of

H a r l a n d ,  1977)  c o m p a r a t i v e l y  few c y s t s  were  found and  c o u n t s  may 

n o t  have b e e n  t r u l y  r e p r e s e n t a t i v e ,  i n d e e d  H a r l a n d ' s  r e s u l t s  

showed c o n s i d e r a b l e  l o c a l  v a r i a b i l i t y .  Samples  i n  t h i s  s tu d y  

w ere  from t h e  t o p  5cm o f  a  c o r e  u n l i k e  t h e  p a l y n o l o g i c a l  s a m p le s  

which s t a r t  d e e p e r  and t h i s  may c a u s e  f u r t h e r  d i f f e r e n c e s .

Re id  (19 7 5 )  p l a c e s  t h e  w e s t  c o a s t  of  S c o t l a n d  i n  h i s  group

4 .  A g ro u p  w h e r e  a s s e m b l a g e s  w e re  d om ina ted  by S p i n i f e r i t e s

s p p . ,  P e r i d i n i u m  c y s t s  and c y s t s  of  unknown a f f i n i t y

( I m p l e t o s p h a e r i d i u m  s p ,  p r o b a b l y  S ^ ^ p p s i e l l a  c y s t s )  w i t h  

L i n g u l o d i n i u m  m achaerophorum  (Gonyaulax  p o l y e d r a ) ,
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B i t e c t a d o d i n i u m  t e p i k i e n s e  (Gonyau lax s p i n i f e r a ) ,  O p e r c u lo d in iu m  

c e n t r o c a r p u m  (Gonyau lax  g r i n d l e y i ) ,  D i p l o p e l t o p s i s  c y s t s  and 

P o l y k r i k o s  c y s t s  a l s o  p r e s e n t .  More s p e c i f i c a l l y  he c r e a t e d  a 

s u b - g r o u p  4a  c o v e r i n g  some n o r t h e r n  l o c h s  and t h i s  was dom in a ted  

by c y s t s  of  unknown a f f i n i t y  ( I m p l e t o s p h a e r i d i u m  s p ,  p ro b a b l y  

S c r i p p s i e l l a  c y s t s )  and S p i n i f e r i t e s  s p p .  w i t h  B. t e p i k i e n s e  

(G. s p i n i f e r a ) , 0 .  c e n t r o c a r p u m  (G. g r i n d l e y i ) and P e r i d i n i u m

c y s t s  a l s o  p r e s e n t .  Again t h i s  b r o a d l y  a g r e e s  w i t h  s p e c i e s

d e s c r i b e d  h e r e  c o n s i d e r i n g  t h a t  S c r i p p s i e l l a  c y s t s  w ere  p r o b a b l y  

more numerous t h a n  shown i n  F i g .  7 . 3 .  I n v e s t i g a t i n g  a l a r g e  

number o f  l o c h s  h a s ,  h ow e ve r ,  shown t h a t  a g a i n s t  t h e  b a c kg round  

of  S c r i p p s i e l l a  c y s t s  t h e r e  i s  v a r i a b i l i t y  i n  t h e  s e a - l o c h  c y s t  

a s s e m b l a g e .  T h i s  i s  e s p e c i a l l y  n o t i c a b l e  where  t h e  p o p u l a t i o n  i s

do m in a te d  by L. machaerophorum (G. p o l y e d r a ) ( f o r  example i n  Loch

C r e r a n  and  West  Loch T a r b e r t ) .  T h i s  seems a n a l a g o u s  to  t h e

s i t u a t i o n  d e s c r i b e d  by Re id  (1974 ,  1975)  f o r  deep  embayments o f f

t h e  w e s t  c o a s t  o f  I r e l a n d  where  L. machaerophorum a l s o  do m in a te d  

t h e  a s s e m b l a g e s .  Such s e a - l o c h s  and embayments a r e  p o t e n t i a l  

se ed  beds  f o r  d i n o f l a g e l l a t e  blooms and may c a u s e  t h e  i n o c u l a t i o n  

of  o t h e r  c o a s t a l  w a t e r s .

F i g u r e  7 . 8  shows t h a t ,  a t  l e a s t  i n  t h e  c o re  examined i n

d e t a i l ,  t h e r e  i s  a c o n s i d e r a b l e  s u b - s u r f a c e  p o p u l a t i o n  o f  

d i n o f l a g e l l a t e  c y s t s .  T h i s  i s  i n  a g re e m e n t  w i t h  t h e  f i n d i n g s  of  

A n d e r s o n ,  A u b r e y ,  T y l e r  and Coa ts  ( 1 9 8 2 ) .  The v i a b i l i t y  of  sub

s u r f a c e  c y s t s  was shown by t h e i r  h a t c h i n g  from t h e  5cm s l i c e  of 

t h e  c o r e  u s e d  i n  t h e  i n c u b a t i o n  e x p e r i m e n t s  ( s e e  C h a p t e r  8 ) .  The 

c o n s i s t e n c y  o f  t h e  c y s t  p o p u l a t i o n  down t o  10 cm s u g g e s t s  t h a t

some m i x i n g  may t a k e  p l a c e  t o  t h i s  de p th  in  Loch M e l f o r t .  

I n v e s t i g a t i o n s  i n  o t h e r  S c o t t i s h  s e a - l o c h s  s u g g e s t  t h a t  s e d im e n t  

r e w o r k i n g  and  r e s u s p e n s i o n  a r e  an i m p o r t a n t  p r o c e s s e s s  i n  t h e s e  

e n v i r o n m e n t s  ( A n s e l l ,  1974;  S t a n l e y  ^  a l . , 1 9 8 1 ) .  R e s u s p e n s i o n  

ha s  be e n  p o s t u l a t e d  a s  an  i m p o r t a n t  mechanism o f  i n o c u l a t i n g
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o v e r l y i n g  w a t e r s  w i t h  a s e e d  p o p u l a t i o n  o f  e x c y s t e d

d i n o f l a g e l l a t e s  (B a lc h  e t  £ l . ,  1 9 8 3 ) .  I t  i s  c l e a r  t h a t  any s t u d y

of  l i v i n g  d i n o f l a g e l l a t e  c y s t s  s h o u ld  t a k e  i n t o  a c c o u n t  t h e s e  

s u b - s u r f a c e  p o p u l a t i o n s  whose  l o n g e v i t y  r e q u i r e s  f u r t h e r  

i n v e s t i g a t i o n .

Com par i son  o f  t h e  c y s t  p o p u l a t i o n  w i t h  t h e  m o t i l e  

d i n o f l a g e l l a t e  p o p u l a t i o n  i s  d i f f i c u l t .  C y s t s  i n  t h e  s e d im e n t  

may have  a c c u m u la t e d  f o r  s e v e r a l  y e a r s ,  and t h e r e  a r e  few a r e a s

f o r  w h ic h  a s u f f i c i e n t  t ime  s e r i e s  o f  w a t e r  column d a t a  i s

a v a i l a b l e  f o r  c o m p a r i s o n  w i t h  s e d im e n t  d a t a .  Such d a t a  a r e  

a v a i l a b l e  f o r  Loch C r e r a n  and Ta b le  7 . 2  g i v e s  t h e  mean c y s t  

c o u n t s  f rom 10 s e p a r a t e  5 cm s am p les  f rom s t a t i o n  C5 i n  Loch 

C r e r a n ,  f o r  c o m p a r i s o n  w i t h  t h e  w a t e r  column d a t a  in  C h a p t e r  4 .  

The l a t t e r  shows a wide  r a n g e  of  m o t i l e  d i n o f l a g e l l a t e  s p e c i e s  

p r e s e n t  i n  t h e  w a t e r  colum n,  many of  which a r e  no t  r e p r e s e n t e d  i n  

t h e  c y s t  a s s e m b l a g e .  Most n o t a b l e  among t h e s e  a r e  members o f  t h e  

g e n e r a  P r o r o c e n t r u m , D i n o p h y s i s  and C e r a t i u m . I n  a d d i t i o n  t h e r e  

a l s o  a p p e a r s  t o  b e  some o v e r  r e p r e s e n t a t i o n  o f  c e r t a i n  s p e c i e s

( f o r  example  Gonyau lax  p o l y e d r a  (L i n g u lo d i n iu m  m achaerophorum ) )

i n  t h e  s e d i m e n t s .  Such a p p a r e n t  a n o m a l ie s  have  be e n  n o t e d  by 

o t h e r  a u t h o r s  ( e . g .  D a l e ,  1 9 7 6 ) .  S t r i k i n g  a l s o  i s  t h e  f a c t  t h a t  

t h e  c y s t  a s s e m b la g e  r e v e a l s  s p e c i e s  ( f o r  example S t e l l a d i n i u m  

s t e l l a t u m , P r o t o p e r i d i n i u m  compressum) t h a t  have n o t  been  

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

Com par i son  b e tw een  t h e  c y s t  p o p u l a t i o n s  o f  Loch M e l f o r t  and 

Loch C r e r a n  a s  shown i n  T a b le  7 . 2  s u g g e s t s  t h a t  t h e r e  may be 

o v e r a l l  d i f f e r e n c e s  i n  t h e i r  m o t i l e  p o p u l a t i o n s . Loch M e l f o r t  

h a v i n g  a much g r e a t e r  p o p u l a t i o n  o f  P r o t o p e r i d i n i u m  c y s t s  than  

Loch C r e r a n .  T h i s  t o p i c  may be w o r t h y  o f  f u r t h e r  i n v e s t i g a t i o n

a s  i t  m i g h t  r e v e a l  i n f o r m a t i o n  on d e t e r m i n a n t s  of  s p e c i e s

c o m p o s i t i o n .
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T a b le  7 . 2  : Cys t c o u n t s  f rom Loch C r e ra n  and Loch M e l f o r t

S p e c i e s Loch C re ra n Loch Mel f o r t

?E. s h a g r in u m 107 253
L.  machaerophorum 3798 1670

0 .  c e n t r o c a r p u m + -

P o l y k r i k o s + +

Q. c o n c re tu m - +

Round, brown 309 1855

S.  Tsweeneyi 1159 1090

S c r i p p s i e l l a  s p p . 304 348

S e lenopem phix + -

S p i n i f e r i t e s  s p p . + 255

S.  s t e l l a t u m + +

T . c a p i t a t u m + 533

V. ca lvum + +

V. sp inosum + +

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

c y s t s  i s  u s e f u l  t o  t h e  p a l a e o e c o l o g i s t s , a l l o w i n g  c om par i son  o f  

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

w i t h  f o s s i l  a s s e m b l a g e s .  As m e n t i o n e d  i n  t h e  i n t r o d u c t i o n  t o  

t h i s  c h a p t e r ,  f a c t o r s  such as  s e l e c t i v e  t r a n s p o r t a t i o n  and 

p r e s e r v a b i l i t y  o f  c y s t s  d i s t o r t  t h e  f o s s i l  r e c o r d ,  and t h e

p r e s e n t  s t u d y  has  p r o v i d e d  some i n f o r m a t i o n  r e l e v a n t  to  t h e

a s s e s s m e n t  of  t h i s  d i s t o r t i o n .  O b s e r v a t i o n s  d u r i n g  t h i s  s t u d y  

s u g g e s t  t h a t  once  e x c y s t e d  many of  t h e  Round, brown c y s t s  a r e  

e a s i l y  b r o k e n  down and  wou ld p r o b a b l y  n o t  b e  p r e s e r v e d  i n  t h e

f o s s i l  r e c o r d .

The c y s t  r e c o r d  may a l s o  be  of  u s e  to  m a r i c u l t u r e .  At

p r e s e n t  a s s e s s m e n t  of  t h e  l i k e l i h o o d  o f  p h y t o p l a n k t o n  blooms 

r e q u i r e s  knowledge  o f  t h e  h y d r o g r a p h i c  reg ime combined w i t h  

knowledge  o f  t h e  p h y t o p l a n k t o n  p o p u l a t i o n  ( t h e  l a t t e r  n e e d i n g  a
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long  t im e  s e r i e s  o f  d a t a ) .  I t  i s  p o s s i b l e  t h a t  t h e  i n t e g r a t e d  

r e c o r d  from d i n o f l a g e l l a t e  c y s t s  may p r o v i d e  v a l u a b l e  a d d i t i o n a l  

i n f o r m a t i o n  a t  a lower c o s t  t h a n  e x t e n s i v e  p h y t o p l a n k t o n  s u r v e y s .  

C l e a r l y ,  t h e r e f o r e ,  r e l a t i o n s  be tw een  t h e  c y s t  p o p u l a t i o n  and t h e  

m o t i l e  d i n o f l a g e l l a t e  p o p u l a t i o n  a r e  w o r th y  of  more d e t a i l e d  

i n v e s t i g a t i o n .
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CHAPTER 8 

CYST-THECA RELATIONSHIPS

INTRODUCTION

I f  t h e  c y s t  a s s e m b la g e  in  t h e  b o t to m  s e d i m e n t s  i s  to  be  

c o r r e l a t e d  w i t h  t h e  p l a n k t o n  ( i . e .  t h e  a s se m b la g e  of  m o t i l e  

t h e c a t e  d i n o f l a g e l l a t e s  ) t h e n  t h e  r e l a t i o n s h i p  be tw een  t h e  

v a r i o u s  c y s t s  and t h e i r  m o t i l e  s t a g e s  needs  to  be  d e t e r m i n e d .  

A p p r o x i m a t e l y  170 d i s t i n c t i v e  c y s t  m o rp h o ty p e s  have  been  found i n  

r e c e n t  s e d i m e n t s  and many of  t h e s e  have l i v e  c o n t e n t s  ( D a le ,  

1 9 8 3 ) .  I n v e s t i g a t i o n  o f  new r e g i o n s  f r e q u e n t l y  y i e l d s  new c y s t  

t y p e s  so i t  i s  p o s s i b l e  t h a t  t h e r e  a r e  many c y s t  t y p e s  y e t  to  be 

d i s c o v e r e d .  Of t h e  known c y s t  t y p e s  a b o u t  50 have been  

c o r r e l a t e d  w i t h  t h e i r  t h e c a t e  m o t i l e  s t a g e s  ( s e e  Tab le  2 i n  D a l e ,  

1 9 8 3 ) .

The e a r l i e s t  o b s e r v a t i o n s  o f  d i n o f l a g e l l a t e  c y s t s  were  

p r o b a b l y  made by  E h r e n b e r g  i n  t h e  e a r l y  n i n e t e e n t h  c e n t u r y  ( D a le ,  

1 9 8 3 ) .  He found t h e  c y s t s  i n  t h i n  f l a k e s  of  C r e t a c e o u s  f l i n t s  

a l t h o u g h  he m i s t o o k  them f o r  f o s s i l i z e d  m o t i l e  s t a g e s .  Dur ing  

th e  f i r s t  h a l f  o f  t h i s  c e n t u r y  t h e  g e o l o g i c a l  i n t e r e s t  in  t h e s e  

m i c r o f o s s i l s  ( h y s t r i c h o s p h e r e s  ) g r e a t l y  expanded when t h e i r  

p o t e n t i a l  as  s t r a t i g r a p h i e  m a r k e r s  was r e a l i s e d .  T h e i r  

r e l a t i o n s h i p  t o  l i v i n g  d i n o f l a g e l l a t e s  r em a ined  u n n o t i c e d  and  

th e y  were  presumed  t o  be  m o t i l e  p l a n k t o n  t h a t  became e x t i n c t  

sometime a f t e r  t h e  T e r t i a r y .  The on ly  c l u e s  to  t h e i r  modern 

c o u n t e r p a r t s  w e r e  o c c a s i o n a l  d e s c r i p t i o n s  i n  t h e  p h y t o p l a n k t o n  

l i t e r a t u r e :  o b s e r v a t i o n s  o f  c y s t s  i n  t h e  p l a n k t o n  w ere  made

d u r i n g  p h y t o p l a n k t o n  s u r v e y s  by P a u l s e n  ( 1 9 0 8 ) ,  Gran  and  B r a a ru d  

( 1 9 3 5 ) ,  N o r d l i  (1951)  and Gr/rfntved ( 1 9 5 2 ) .  R e l a t i o n s h i p s  w e re  

i n f e r r e d  e i t h e r  by t h e  p r e s e n c e  o f  the  c y s t  w i t h i n  t h e  

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

l e f t  b e h i n d  on t h e  c y s t .  R e l a t i o n s h i p s  w e re  thus  e s t a b l i s h e d  f o r
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P r o t o p e r i d i n i u m  c o n i c o i d e s , Gonyaulax t a m a r e n s i s  (Gran and 

B r a a r u d ,  1935)  and Gonyaulax  p o l y e d r a  ( N o r d l i ,  1 9 5 1 ) .  B r a a ru d  

a l s o  n o t e d  f o r m a t i o n  o f  c y s t s  i n  some of  h i s  c u l t u r e s  of

H e t e r o c a p s a  t r i q u e t r a  ( B r a a r u d  and P a p p a s ,  1951)  and S c r i p p s i e l l a  

t r o c h o i d e a  ( B r a a r u d ,  1 9 5 8 ) .  The on ly  e x p e r i m e n t a l  work on c y s t s  

and t h e i r  h a t c h i n g  was t h a t  c a r r i e d  o u t  on c y s t s  of  the  

f r e s h w a t e r  C e r a t i u m  h i r u n d i n e l l a  by Huber and Nipkow (1922 and 

1 9 2 3 ) .

More r e c e n t l y  E v i t t  e xam in ing  t h e  m o r p h o l o g i c a l  f e a t u r e s  of  

h y s t r i c h o s p h e r e s  n o t e d  t h e i r  c h a r a c t e r i s t i c  o p e n in g s  

( a r c h e o p y l e s  ) and t h e i r  ’ r e f l e c t e d '  d i n o f l a g e l l a t e  f e a t u r e s  and 

s u g g e s t e d  t h e y  were d i n o f l a g e l l a t e  c y s t s  ( E v i t t ,  1 9 6 1 ) .  At 

a ro u n d  t h e  same t ime  modern  h y s t r i c h o s p h e r e s  w ere  b e i n g

d i s c o v e r e d  by p a l y n o l o g i s t s  i n  r e c e n t  s e d im e n t s  and i n  s e d im e n t

t r a p s  ( s e e  f o r  example E rd tm ann ,  1 9 5 4 ) .  The i n t e r e s t  of

p a l y n o l o g i s t s  was a r o u s e d  and t h r o u g h o u t  t h e  I 9 6 0 ’ s and e a r l y  

19 7 0 ’ s Wall  and D a le  c a r r i e d  o u t  e x t e n s i v e  i n c u b a t i o n  e x p e r i m e n t s  

e s t a b l i s h i n g  t h e  r o l e  o f  t h e  r e s t i n g  c y s t  in  t h e  l i f e  c y c l e  of  

d i n o f l a g e l l a t e s  beyond d o u b t .

I t  was t h i s  h i s t o r y  of  p a r a l l e l  i n v e s t i g a t i o n s  t h a t  has 

encumbered t h e  r e s e a r c h e r  w o r k i n g  w i t h  modern d i n o f l a g e l l a t e s  and 

t h e i r  c y s t s  w i t h  a d u a l  n o m e n c l a t u r e .  T h i s  w i l l  be  d i s c u s s e d

l a t e r ,  and t h r o u g h o u t  t h i s  c h a p t e r  names of  b o t h  s t a g e s  of  the

l i f e  c y c l e  w i l l  be g i v e n  w he re  p o s s i b l e .

C y s t s  have  t r a d i t i o n a l l y  been  l i n k e d  w i t h  t h e i r  m o t i l e  

s t a g e s  by i n c u b a t i o n  e x p e r i m e n t s .  For  m a r i n e  o rgan i sm s  t h e  

e n c y s t m e n t  o f  t h e c a t e  m o t i l e  c e l l s  w h i l s t  i n  c u l t u r e  seems 

l a r g e l y  f o r t u i t o u s .  B r a a ru d  (1958)  r e p o r t e d  t h a t  c o o l i n g  and 

d a r k n e s s  d i d  n o t  seem t o  i n d u c e  e n c y s tm e n t  in  S c r i p p s i e l l a  

t r o c h o i d e a  and r e l a t e d  i t  i n s t e a d  t o  o v e rc r o w d in g  i n  t h e

c u l t u r e s .  However ,  T u r p i n  e t  a l . ( 1978)  and Walker  and



-203-

S t e i d i n g e r  (1979)  i n d u c e d  e n c y s t m e n t  of  Gonyaulax t a m a r e n s i s  and 

Gonyau lax  m o n i l a t a  r e s p e c t i v e l y  by d e p l e t i o n  o f  n i t r o g e n .  For  

many f r e s h w a t e r  o r g a n i s m s  t h e  d e p l e t i o n  o f  n i t r o g e n  h a s  been  u s e d  

to  s t i m u l a t e  s e x u a l  a c t i v i t y  and e n c y s t m e n t  ( s e e  f o r  example von 

S t o s c h ,  1972;  P f i e s t e r ,  1975,  1976,  and 1 9 7 7 ) .  C u r r e n t  c u l t u r i n g  

t e c h n i q u e s  do n o t  a p p e a r  s u i t a b l e  f o r  many m ar in e  d i n o f l a g e l l a t e s  

( n o t a b l y  t h e  P r o t o p e r i d i n i a l e s ) and so  c y s t  i n c u b a t i o n  

e x p e r i m e n t s  a r e  a s i m p l e r  way of  e s t a b l i s h i n g  r e l a t i o n s h i p s .  

T h i s  t y p e  o f  e x p e r i m e n t  was f i r s t  r e p o r t e d  by Wall  (1965 )  and 

Wall  and Dale  ( 1 9 6 6 ) .  I n  1968 th e y  p u b l i s h e d  t h e  r e s u l t s  of  

e x t e n s i v e  i n c u b a t i o n  e x p e r i m e n t s  c o v e r i n g  o v e r  30 s p e c i e s  wh ich  

th e y  had s u c c e s s f u l l y  g e r m i n a t e d .  S i n c e  t h a t  t ime r e p o r t s  of  

i n c u b a t i o n  e x p e r i m e n t s  have  be e n  c o n f i n e d  t o  s i n g l e  s p e c i e s  

(P y ro d in iu m  ba h a m e n s e . Wall  and D a l e ,  1969;  P yrophacus  

h o r o l o g i u m . Wall  and D a l e ,  1971;  P r o t o p e r i d i n i u m  minu tum, Fukuyo,  

e t  a l . ,  1977;  P r o t o p e r i d i n i u m  d i v a r i c a t u m , M atsuoka ,  e t  a l . ,

1982)  o r  a s m a l l  g r o u p  o f  s p e c i e s  ( c a l c a r e o u s  c y s t s .  Wall and 

D a l e ,  1968b and  D a l e ,  1 9 7 7 b ) .  With few b i o l o g i s t s  s e em ing ly  

i n t e r e s t e d  i n  t h e s e  r e l a t i o n s h i p s  t h e  work  h a s  been c a r r i e d  o u t  

by p a l a e o n t o l o g i s t s  i n  a c o m p a r a t i v e l y  s m a l l  number  of  l o c a t i o n s  

(A m e r i c a ,  Norway,  and J a p a n )  and no i n c u b a t i o n  work h a s  h i t h e r t o  

been  c a r r i e d  o u t  i n  t h e  U n i t e d  Kingdom.

The m o s t  e x t e n s i v e  b i o l o g i c a l  s t u d y  of  l i v i n g  c y s t s  has  been  

made by t h e  g ro u p s  i n v e s t i g a t i n g  t h e  r o l e  o f  c y s t s  i n  bloom 

f o r m a t i o n  ( r e d  t i d e s ) .  T h i s  work  and  t h a t  o f  Huber and Nipkow 

(1 922 ,  1923)  p r o v i d e s  t h e  on ly  s y s t e m a t i c  i n v e s t i g a t i o n  i n t o  what  

c a u s e s  e x c y s t m e n t  and t h e  'd o r m a n c y '  p e r i o d  r e q u i r e d  b e f o r e  

e x c y s t m e n t  can t a k e  p l a c e .  Anderson  (1980)  shows t h a t  t h e  l e n g t h  

o f  t h i s  dormancy p e r i o d  i s  d e p e n d e n t  on t h e  t e m p e r a t u r e  a t  which  

t h e  c y s t s  a r e  k e p t .  C y s t s  o f  Gonyaulax t a m a r e n s i s  s t o r e d  a t  22*0 

had  a m a n d a to ry  dormancy p e r i o d  o f  a b o u t  one m o n th ,  o r  f o u r  

months  k e p t  a t  5*C. P f i e s t e r  (1975 )  r e p o r t s  s i m i l a r  r e s u l t s  f o r  

t h e  f r e s h w a t e r  P e r i d i n i u m  c i n c t u m .
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E xcys tm en t  i s  u s u a l l y  t r i g g e r e d  i n  t h e  l a b o r a t o r y  by r a i s i n g  

th e  t e m p e r a t u r e  above  t h e  normal  e n v i r o n m e n t a l  t e m p e r a t u r e  the  

c y s t s  a r e  exposed  t o  i n  w i n t e r  ( f o r  example by i n c r e a s i n g  t h e  

c y s t  t e m p e r a t u r e  f rom 5®C t o  18*C).  O th e r  f a c t o r s  ( l i g h t  r e g im e ,  

n u t r i e n t  and c h e l a t o r  c o n c e n t r a t i o n s )  have  be e n  found t o  be 

i n e f f e c t i v e  (Anderson  and W a l l ,  1 9 7 8 ) .  P e r h a p s  t h i s  t e m p e r a t u r e  

change  s i m u l a t e s  t h e  change  e x p e r i e n c e d  by c y s t s  p a s s i n g  from

w i n t e r  to  summer. Time t a k e n  f o r  e xc ys tm en t  a l s o  seems to  be

t e m p e r a t u r e  d e p e n d e n t .  Huber  and Nipkow (1922)  showed e x c y s tm e n t  

was c o m p le te d  w i t h i n  36 h o u r s  a t  optimum t e m p e r a t u r e  b u t  was 

s lo w e r  a t  low er  t e m p e r a t u r e s .  Dale  (1983)  d i s c u s s e s  t h i s  

phenomenon and  s u g g e s t s  t h a t  t h e  need f o r  ’ s t i m u l a t i o n '  to  c ause  

e x c y s t m e n t  i s  p e rh a p s  m i s l e a d i n g .  He p o s t u l a t e s  t h a t  i f  dormancy 

i s  c o m p le te d  a t  a s u i t a b l e  t e m p e r a t u r e ,  excys tm en t  w i l l  f o l l o w  as  

a n a t u r a l  c o n s e q u e n c e  ( f o r  example Gonyaulax t a m a r e n s i s  a f t e r  8 

weeks a t  17*C; T u r p i n  ^  _al^., 1 9 7 8 ) .

E x c y s tm e n t  has  been  d e s c r i b e d  f o r  a  number of  m a r in e  s p e c i e s  

(Gonyau lax  d i g i t a l e . W a l l ,  1965;  Gonyaulax s p i n i f e r a . Wall and 

D a l e ,  1968a ;  Gonyau lax  t a m a r e n s i s , Ande rson and W a l l ,  1 9 6 8 ) .  The 

c y s t  c o n t e n t s  a r e  d e s c r i b e d  a s  f i r s t  w i t h d r a w i n g  from t h e  w a l l  

and t h e n  a f t e r  t h e  a r c h e o p y l e  opens the  p r o t o p l a s t  moving th ro u g h  

i t  w i t h  an a m o e b o i d - l i k e  m o t i o n .  The l o n g i t u d i n a l  f l a g e l l u m  i s

formed s h o r t l y  a f t e r  e x c y s t m e n t  and t h e  t r a n s v e r s e  f l a g e l l u m  i s

formed l a t e r .  T h i s  s t a g e  i s  d e s c r i b e d  a s  t h e  gym nod in io id  s t a g e  

as  i t  t a k e s  some t ime  f o r  t h e  t h e c a  to  be  fo rm ed .  . More d e t a i l e d  

d e s c r i p t i o n  o f  e x c y s t m e n t  i n  C e r a t iu m  h i r u n d i n e l l a  i s  g i v e n  ^y  

Chapman £ t  £ l .  (1981)  u s i n g  e l e c t r o n  m i c r o s c o p y .

METHODS

S ed im en t  s am p les  w e re  c o l l e c t e d  and p r e p a r e d  a s  d e s c r i b e d  i n  

C h a p t e r  2 .  I n d i v i d u a l  c y s t s  w ere  p i c k e d  o u t  u s i n g  a m i c r o p i p e t t e  

and p l a c e d  i n  sm a l l  i n c u b a t i o n  chambers  (Wall and D a l e ,  1968a)
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( F i g .  8 . 1 . )  o r  5cm watch  g l a s s e s  e n c l o s e d  i n  p e t r i  d i s h e s .  The 

medium used  f o r  i n c u b a t i o n  was f / 5 0  ( G u i l l a r d  and R y t h e r , 1 9 6 2 ) .

The c y s t s  w e r e  k e p t  a t  20°C and i f  they  had no t  g e r m i n a t e d  w i t h i n  

5 days t h e  e x p e r i m e n t  was a b a ndoned .

A f t e r  e x c y s t m e n t ,  c y s t  and h a t c h e d  c e l l  were o b s e r v e d  and 

p h o t o g r a p h e d  unde r  t h e  l i g h t  m i c r o s c o p e  and t h e n  p r e s e r v e d  i n  

f o r m a l i n  i n  s m a l l  c o n t a i n e r s  f o r  S .E .M . ,  f o r  which  t h e  c y s t  and 

c e l l  p a i r s  w e re  a g a i n  i n d i v i d u a l l y  p i c k e d  ou t  and p r e p a r e d  a s  

d e s c r i b e d  i n  C h a p t e r  2 .

RESULTS

The a c t u a l  h a t c h i n g  o f  a m o t i l e  c e l l  was n e v e r  o b s e r v e d .  I t  

was n o t i c e d ,  how ever ,  t h a t  b e f o r e  h a t c h i n g  t h e  c y s t  c o n t e n t s  

w i t h d r e w  from t h e  c e l l  w a l l .  F r e q u e n t l y  a l i g h t  a r e a  would 

a p p e a r  a c r o s s  t h e  m i d d l e  o f  t h e  c o n t e n t s  i n  an a r e a  a p p r o x i m a t i n g  

t o  t h e  c in g u lu m  o f  t h e  m o t i l e  c e l l .  A f t e r  e x c y s tm e n t  the  

g y m n o d in i o id  s t a g e  g e n e r a l l y  took  o n l y  a few h ou r s  to  form a 

r e c o g n i s a b l e  t h e c a .

The P r o t o p e r i d i n i u m  s p e c i e s  l i s t e d  i n  Table  8 . 1  have  b e e n  

s u c c e s s f u l l y  h a t c h e d .  Many of  t h e  c y s t - t h e c a  r e l a t i o n s h i p s  

(shown by * i n  T a b le  8 . 1 )  r e p e a t  t h e  d i s c o v e r i e s  of  Wall  and Dale  

( 1 9 6 8 ) .  H a t c h i n g  t h e  c y s t s  of  P.minutum and P . d i v a r i c a t u m  

c o n f i r m e d  t h e  f i n d i n g s  o f  Fukuyo e t  a l . (1977 ) and Matsuoka

e t  a l . ( 1 9 8 2 ) .  I n  a d d i t i o n  t h e  s p e c i e s  l i s t e d  i n  Tab le  8 . 2  were

h a t c h e d .  A l though  many s p e c i e s  o f  Gonyaulax have b e e n  i n c u b a t e d  

s u c c e s s f u l l y ,  p a r t i c u l a r l y  from t h e  S p i n i f e r i t e s  group  of  c y s t s  

(Wall and D a l e ,  1 9 6 8 a ) ,  on ly  G. p o l y e d r a  was s u c c e s s f u l l y  

i n c u b a t e d  i n  t h i s  s t u d y .  S p i n i f e r i t e s  c y s t s  a r e  n o t  common i n
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Figure 8.1 : Single cell incubation chamber
after Wall & Dale (1968a)

Culture medium 
Coverslide 

Perspex incubation chamber
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Table 8.1 Protoperidinium species germinated

T h e c a t e  s t a g e P a l a e o n t o l o g i c a l  na me  f o r  c y s t

* P r o t o p e r i d i n i u m  a v e l l a n a

( M e u n ie r )  B a le c h

* 22. c l a u d i c a n s

( P a u l s e n )  B a le ch

* _P^ c o n i c o i d e s

( P a u l s e n )  B a le ch

* conicum

(G ran)  B a le ch

*  d e n t i c u l a t u m

(Gran & B r a a r u d )  B a le ch  

P.  d i v a r i c a t u m

( M e u n ie r )  Pa rke  & Dodge 

P. e x c e n t r i c u m

( P a u l s e n )  B a le ch  

P.  ? h a n g o e i

( S c h i l l e r )  comb.nov.

* l e o n i s

( P a v i l l a r d )  B a le c h  

?P.  minutum

(K o f o id )  L o e b l i c h  111

* _Pj. oblongum

( A u r i v i l l i u s ) P a rk e  & Dodge

* 2 r  petitagonum

(G ran)  B a l e c h  

P. s u b in e r m e

( P a u l s e n )  L o e b l i c h  111 

P. t h o r i a n u m

( P a u l s e n )  B a le c h  

P.  ? t h u l e s e n s e

( B a l e c h )  B a le c h

B r i g a n t e d i n i u m  c a r i a c o e n s e  

( W a l l )  R e i d  

V o t a d i n i u m  s p i n o s u m  

R e i d

B r i g a n t e d i n i u m  s i m p l e x  

R e i d  

S e l e n o p e m p h i x  

B e n e d e k

X a n d a r o d i n i u m  x a n t h u m

R e i d

Q u i n q u e c u s p i s  c o n c r e t u m  

( R e i d )  H a r l a n d

V o t a d i n i u m  c a l v u m  

R e i d

T r i n o v a n t e d i n i u m  c a p i t a t u m  

R e i d
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Ta b le  8 . 2  S p e c i e s  o t h e r  than  P r o t o p e r i d i n i u m  g e rm i n a t e d

T h e c a t e  s t a g e  P a l a e o n t o l o g i c a l  name f o r  c y s t

Gonyaulax p o l y e d r a  L in g u lo d i n iu m  machaerophorum

S t e i n  ( D e f l a n d r e  & Cookson)  Wall

D i p l o p s a l i s  l e n t i c u l a  

Bergh

Z yga b ik o d in iu m  l e n t i c u l a t u m  D ubr id in ium  c a p e ra tu m

( P a u l s e n )  L o e b l i c h  & L o e b l i c h  I I I  Reid

S c r i p p s i e l l a  ? sweeneyae

Balech  ex L o e b l i c h  I I I
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s e a  l o c h s  and may be i n  p o o r e r  c o n d i t i o n  t h a n  t h o s e  of  o t h e r ,  

more common s p e c i e s .  Novel h a t c h i n g s  w e re  t h o s e  of 

P r o t o p e r i d i n i u m  f h a n g o e i , P r o t o p e r i d i n i u m  t h o r i a n u m ,

P r o t o p e r i d i n i u m  T t h u l e s e n s e  and S c r i p p s i e l l a  ? s w e e n e y a e .

I n  many c a s e s  t h e  c y s t  g e r m i n a t e d  bu t  t h e  naked p r o t o p l a s t  

d i d  no t  p r o p e r l y  form i t s  t h e c a l  p l a t e s  ( P I .  8 . 2 ,  f i g . 2 ) .  I t  

seems t h a t  t h e  t y p e  of  s e a  w a t e r  u s e d  was i m p o r t a n t  in  t h i s

r e s p e c t .  S e v e r a l  d i f f e r e n t  t y p e s  o f  s e a  w a t e r  w e r e  t r i e d  

i n c l u d i n g  deep  and s u r f a c e  w a t e r  f rom t h e  l o c h  i n  wh ich  t h e  c o r e s  

were t a k e n .  Sea w a t e r  f rom D u n s t a f f nage  Bay n e a r  Oban was found 

to  be  t h e  m os t  s u i t a b l e  f o r  g e r m i n a t i o n .  P o s s i b l y  t h e  q u a l i t y  o f  

t h e  s e a  w a t e r  w i t h  r e g a r d  t o  c y s t  h a t c h i n g  v a r i e s  w i t h  t h e  t ime 

of  t h e  y e a r .  As f / 5 0  medium p r o v i d e s  on ly  a  s m a l l  a d d i t i o n  o f  

n u t r i e n t s  t h e  s e a  w a t e r  u s e d  needs  to  f u l f i l  most  of  t h e  

r e q u i r e m e n t s  o f  t h e  newly e x c y s t e d  p r o t o p l a s t .  D u n s t a f f n a g e  Bay 

c o n t a i n s  a sewage  o u t f a l l  and a h ig h  a l g a l  b iomass  and i t s  sea

w a t e r  may t h u s  c o n t a i n  more d i s s o l v e d  o r g a n i c  m a t e r i a l  t h a n  t h a t  

of  t h e  s e a  l o c h s .  T h e s e  p rob lem s  r e q u i r e  f u r t h e r  i n v e s t i g a t i o n .

A l l  t h e  h a t c h e d  c e l l s  c o n t a i n e d  numerous sm a l l  b o d i e s  which  

were  p r o b a b l y  s t o r a g e  p r o d u c t s .  Some c y s t s  c o n t a i n  many s m a l l  r e d  

b o d i e s  o r  a s i n g l e  p igm en ted  body ( f o r  example P r o t o p e r i d i n i u m  

c o n ic u m , Gonyau lax  p o l y e d r a ) . These  a r e  c o n t a i n e d  w i t h i n  t h e  

m o t i l e  c e l l  on e x c y s t m e n t .  Wall  and Dale  (1968b)  n o t e  t h a t  in  

t h e  c a s e  o f  t h e  d i v i s i o n  o f  S c r i p p s i e l l a  sweeneyae  t h e s e  were 

p a s s e d  on  t o  one o f  t h e  d a u g h t e r  c e l l s  and t h e r e a f t e r  l o s t .  A 

s i m i l a r  p r o c e s s  was n o t e d  f o r  S c r i p p s i e l l a  ? sweeneyae  i n  t h i s  

s t u d y .  C e l l s  w e r e  se ldom  a l l o w e d  t o  s u r v i v e  l o n g  enough to  

d i v i d e  b u t  i t  was n o t i c e d  t h a t  in  some c a s e s  ( f o r  example

P. c o n ic u m ) t h e  r e d  b o d i e s  seemed t o  d i f f u s e  t h r o u g h o u t  t h e  c e l l

g i v i n g  i t  t h e  c h a r a ^ e r i s t i c  ' p in k *  c o l o u r  o f t e n  n o t e d  i n  

P r o t o p e r i d i n i u m  s p e c i e s .  When c e l l s  w e re  a l l o w e d  t o  d i e  of  

n a t u r a l  c a u s e s  t h e i r  s u r v i v a l  t im e  was b e tw e en  a few h o u r s  and 

s i x  d a y s .
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I n  m os t  c a s e s  t h e  ope rc u lum  r e m a in e d  a t t a c h e d  t o  t h e  

a r c h e o p y l e  of  t h e  c y s t  and t h i s  p o i n t  of  a t t a c h m e n t  i s  shown by 

b ro k en  l i n e s  a ro u n d  t h e  a r c h e o p y l e  i n  F i g u r e s  8 . 2  -  8 . 6 .  I t  i s  

n o t  known i f  t h e  p o i n t  of  a t t a c h m e n t  i s  a c o n s i s t a n t  f e a t u r e  b u t  

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

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

op e rc u lu m  i s  l o s t  o r  f a l l s  i n s i d e  t h e  c y s t  ( P I .  8 . 9 ,  f i g . 4 . ) .

D e s c r i p t i o n s  o f  s p e c i e s  i n c u b a t e d

Phylum : P y r r o p h y t a  P a s c h e r  

C l a s s  : D inophyceae  F r i t s c h  

O r d e r  : P e r i d i n i a l e s  Haecke l  

F a m i ly  : P e r i d i n i a c e a e  E h r e n b e r g  

Genus : D i p l o p s a l i s  Bergh

D i p l o p s a l i s  l e n t i c u l a  Bergh

F i g .  8 . 2 ,  a - b ,& d ;  P I .  8 . 1 ,  f i g s . 1 -4

S i z e : -  t h e c a  30-33pm l o n g ,  38-49^m wide 

c y s t  ~ 4 5 - 5 0 p n  a c r o s s

C y s t s

C y s t s  w e r e  round  and  l i g h t  b row n .  The a r c h e o p y l e  was a V- 

shaped  s l i t  i n  t h e  d e l i c a t e  c y s t  w a l l  ( P I .  8 . 1 ,  f i g . l ) .  T h i s  

somet im es  r e s u l t e d  i n  t h e  r o l l i n g  back  o f  t h e  a r c h e o p y l e  edges  

( F i g .  8 . 2 ,  d ) .  A l th o u g h  Wall  and Dale  ( 1968a )  a l s o  h a t c h e d  t h i s  

s p e c i e s  f rom a s i m i l a r  c y s t ,  t h e  a r c h e o p y l e  t h e y  d e s c r i b e  i s  

s l i g h t l y  d i f f e r e n t  f rom t h a t  o b t a i n e d  h e r e .  I n  t h e i r  e x p e r i m e n t s  

t h e  a r c h e o p y l e  was e q u a t o r i a l l y  e l o n g a t e  and h e x a g o n a l  i n  shape  

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

t h e  t h e c a .
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Figure  8.2

Diplop s a l i s  l e n t i c u l a D. l e n t i c u l a

Z v a abikodiniufn
le n t i c u la tu m

Cyst  of  0. l e n t i c u l a

e f

S c r i pps i e l l a  ? sweenevae  S.?sweenevae
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Thecae

F i v e  t h e c a e  w e re  i n c u b a t e d .  These  w e re  ovo id  i n  s h a p e ,  

showing p o l a r  c o m p r e s s i o n .  They had a s m a l l  a p i c a l  p r o j e c t i o n  

and a l a r g e  s u l c a l  wing ( P I .  8 . 1 ,  f i g . 2 ) .  The ' d i p l o p s a l i s  

g r o u p '  c o n s i s t s  of  s m a l l  c e l l s  v e r y  s i m i l a r  i n  shape  and

c o n s e q u e n t l y  d i f f i c u l t  t o  d i s t i n g u i s h .  The c o n f u s i n g  taxonom ic  

l i t e r a t u r e  was r e v i e w e d  and r e v i s e d  by Dodge and Hermes ( 1 9 8 1 ) .  

A c c o r d i n g  t o  t h a t  c l a s s i f i c a t i o n  t h e  t h e c a e  d e s c r i b e d  h e r e  a r e  

D i p l o p s a l i s  l e n t i c u l a . The t h e c a l  p l a t e s  a r e  e x a c t l y  t h e  same as  

t h o s e  d e s c r i b e d  by Wall  and D a le  (1968a )  ( P I .  8 . 1 ,  f i g s . 3 - 4 ;  F i g .

8 . 2 ,  a - b ) .  I t  i s  p o s s i b l e  t h a t  t h e r e  may be some r e g i o n a l

d i f f e r e n c e s  i n  t h e  c y s t  t y p e .

Genus : Z y g a b ikod in ium  L o e b l i c h  & L o e b l i c h  I I I

Z y g a b ik o d in iu m  l e n t i c u l a t u m  ( P a u l s e n )  L o e b l i c h  & L o e b l i c h  I I I

F i g .  8 . 2 ,  c ;  P I .  8 . 1 ,  f i g s . 5 - 6 ;  P I .  8 . 2 ,  f i g s . 1-2

S i z e : -  t h e c a  ~ 4 0 - 5 0 ^  wide

c y s t  ~45-60pm a c r o s s ,  " 3 5 - 5 0 ^  h ig h

C y s t s

The c y s t s  w e r e  s l i g h t l y  o b l a t e ,  brown and o f t e n  showed some 

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

( P I .  8 . 1 ,  f i g . 5 ) .  The s u r f a c e  of  t h e  c y s t  was sometimes

w r i n k l e d .  I t  had an  i n n e r  c y s t  body ( P I .  8 . 1 ,  f i g . 6 ) .  Re id

( 1977)  named t h e s e  c y s t s  D u b r id in iu m  c a p e r a tu m  and commented on 

t h e  o c c a s i o n a l  p r e s e n c e  of  t h e  p a r e n t a l  t h e c a .  I n  t h i s  s t u d y  

p a r e n t a l  t h e c a  were  found t o  be  p r e s e n t  a round  c y s t s  examined 

from t h e  s e d im e n t  ( P I .  8 . 2 ,  f i g . 2 ) .
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PLATE 8 .1  

A l l  f i g u r e s  a r e  S .E .M .s

F i g .  1 : Side v i e w ,  showing t h e  a c h e o p y l e ,  o f  a h a t c h e d

D i p l o p s a l i s  l e n t i c u l a  c y s t ,  a p p r o x i m a t e l y  43 ^m a c r o s s .  

Loch Mel f o r t .

F i g .  2 : V e n t r a l  view o f  an e x c y s t e d  t h e c a t e  c e l l  o f  D i p l o p s a l i s

l e n t i c u l a , 42 pm a c r o s s .  Loch M e l f o r t ,  (same c e l l  as

shown i n  F i g .  4 ) .

F i g .  3 : A n t a p i c a l  v iew  of  an e x c y s t e d  t h e c a t e  c e l l  of

D i p l o p s a l i s  l e n t i c u l a , 46 pm a c r o s s .  Loch M e l f o r t .

F i g .  4 : A p ic a l  view o f  an e x c y s t e d  t h e c a t e  c e l l  o f  D i p l o p s a l i s

l e n t i c u l a , 42 pm a c r o s s .  Loch M e l f o r t ,  (same c e l l  as

shown i n  F i g .  2 ) .

F i g .  5 : Side  v iew  (showing  p a r a c in g u l u m  and p a r a s u l c u s )  o f

h a t c h e d  Zygab ikod in ium  l e n t i c u l a t u m  c y s t  (D u b r i d in i u m  

c a p e r a t u m ) , a p p r o x i m a t e l y  51 pm a c r o s s .  Loch M e l f o r t .

F i g .  6 : Zygab ikod in ium  l e n t i c u l a t u m  c y s t  (D u b r i d in i u m

c a p e r a t u m ) , showing i n n e r  w a l l ,  f rom Loch C re ra n  

s e d i m e n t .



Plate 8.1
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Thecae

Six  t h e c a e  w e re  h a t c h e d .  They seemed more d e l i c a t e  t han  

t h o s e  of  D i p l o p s a l i s  l e n t i c u l a  and o n l y  one p r e s e r v e d  

s u f f i c i e n t l y  w e l l  f o r  S.E.M. T h i s  e n a b l e d  t h e  d e t e r m i n a t i o n  o f  

t h e  a n t a p i c a l  p l a t e  p a t t e r n  ( P I .  8 . 2 ,  f i g . l )  b u t  n o t  t h e  a p i c a l  

c o n f i g u r a t i o n .  I t  i s  f e l t ,  h o w e v e r ,  t h a t  t h e r e  was s u f f i c i e n t  

e v i d e n c e  from t h e c a e  e n c l o s i n g  c y s t s  and t h e  l i t e r a t u r e  (Wall  and 

D a l e ,  1968a;  R e i d ,  1977)  t o  a s c r i b e  t h i s  s p e c i e s  to  

Z y g a b ik o d in iu m  l e n t i c u l a t u m . The m o t i l e  t h e c a t e  s t a g e  i s  

g l o b u l a r  and can o n l y  be d i s t i n g u i s h e d  from t h e  p r e v i o u s  s p e c i e s  

by i t s  e x t r a  i n t e r c a l a r y  p l a t e .  The f i r s t  i n t e r c a l a r y  p l a t e  i s  

v e r y  t i n y  ( F i g .  8 . 2 ,  c ) .

Genus : S c r i p p s i e l l a  B a lech  ex L o e b l i c h  I I I

S c r i p p s i e l l a  ?sweeneyae  B a lech  ex L o e b l i c h  I I I

F i g .  8 . 2 ,  e - f ;  P I .  8 . 2 ,  f i g s . 3 - 6 ;  P I .  8 . 3 ,  f i g s . 1-6

S i z e : -  T h e c a e : -  22 -38 pm l o n g ,  18-30 pm wide

C y s t s : -  61-68 pm l o n g ,  40 -43  pm a c r o s s

C y s t s

The c y s t s  w e re  somewhat  e g g - s h a p e d ,  had a g r a n u l a t e  s u r f a c e  

and c o n t a i n e d  a r e d  body .  They had  a  c a l c a r e o u s  o u t e r  l a y e ry
composed o f  c i t a i s  o f  a s u b s t a n c e  d i s s o l v e d  by h y d r o c h l o r i c  

a c i d  p resum ed t o  be  Ca lc ium  c a r b o n a t e .  Two forms of  t h i s  o u t e r  

l a y e r  w e re  found  i n  t h i s  s t u d y  u s i n g  S.E.M. ( P I .  8 . 2 ,  f i g s . 3 - 4 ) .  

I n  one t h e  c r y s t a l s  a p p e a r e d  t o  b e  l y i n g  f l a t  and i n  t h e  o t h e r  

t h e y  seemed t o  b e  c l u s t e r e d  t o g e t h e r  l y i n g  on t h e i r  e d g e s .  

S i m i l a r  v a r i a t i o n s  i n  o r i e n t a t i o n  w e re  found  by Keupp (1981)
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PLATE 8 .2  

A l l  f i g u r e s  a r e  S . E . M . s

F i g .  1 : A n t a p i c a l  v iew o f  e x c y s t e d  t h e c a t e  c e l l  of

Zygab ikod in ium  l e n t i c u l a t u m , 47 pm a c r o s s .  Loch

Mel f o r t .

F i g .  2 : View o f  g i r d l e  o f  Z y g a b i k o d i n i u m  l e n t i c u l a t u m  c y s t

e n c l o s e d  by  p a r e n t a l  t h e c a ,  x 3 , 4 3 9 .

F i g .  3 : Ha tched  S c r i p p s i e l l a  ? sweeneyae  c y s t ,  t h e  o p e r c u l a r

p i e c e  has  c l o s e d  back  on t o  t h e  c y s t  b u t  i s  j u s t

v i s i b l e  a t  t h e  apex o f  t h e  c y s t ,  42 pm a c r o s s  ( a t

w i d e s t  p a r t ) .

F i g .  4 : S c r i p p s i e l l a  ? sweeneyae  c y s t ,  showing a l t e r n a t i v e

o r n a m e n t a t i o n  t o  t h a t  i n  F i g .  3 ,  36 pm a c r o s s  ( a t

w i d e s t  p a r t ) .  Loch M e l f o r t .

F i g .  5 : View o f  a r c h e o p y l e  o f  h a t c h e d  S c r i p p s i e l l a  ? sweeneyae

c y s t  showing membrane b e n e a t h  c a l c a r e o u s  o r n a m e n t a t i o n ,  

X 3 , 2 7 3 .

F i g .  6 : Side v iew o f  S c r i p p s i e l l a  ?sweeneyae  c y s t  t r e a t e d  w i t h

HCl t o  show o r g a n i c  membrane ,  no p a r a t a b u l a t i o n

v i s i b l e ,  40 pm l o n g .

.i
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w o rk ing  on c a l c a r e o u s  c y s t s  of  t h e  B orea l  lower  C r e t a c e o u s .  

These  d i f f e r e n c e s  a r e  p o s s i b l y  due t o  d i f f e r e n t  c o n c e n t r a t i o n s  of  

Ca lc ium  c a r b o n a t e  i n  t h e  w a t e r  column a t  t h e  t ime of

m i n e r a l i s a t i o n  (Keupp p e r s . comm.) .

The i n n e r  l a y e r  of  t h e  c y s t  seemed t o  be  o r g a n i c  and 

s u r v i v e d  a g e n t l e  a c i d  t r e a t m e n t .  I t  can be s e e n  i n s i d e  t h e

c a l c a r e o u s  l a y e r  of  t h e  h a t c h e d  c y s t  in  P I .  8 . 2 ,  f i g . 5 .  Dale  

(1983)  shows p h o t o g r a p h s  o f  t h i s  c y s t  t y p e  which  he d e s c r i b e s  as  

an u n i d e n t i f i e d  c a l c a r e o u s  d i n o f l a g e l l a t e . He a l s o  d i s s o l v e d  

away t h e  o u t e r  c a l c a r e o u s  l a y e r  and s t a i n e d  w i t h  Trypan b l u e  to  

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

w i t h  t h e i r  o u t e r  l a y e r  d i s s o l v e d  were  examined u n d e r  t h e  S.E.M. 

f o r  p o s s i b l e  t r a c e s  o f  p a r a t a b u l a t i o n  bu t  none w e re  a p p a r e n t  ( P I .

8 . 2 ,  f i g . 6 ) .  The a p i c a l  a r c h e o p y l e  was a s i m p l e  s p l i t  a round  t h e

apex  o f  t h e  c y s t ,  and t h e  l a r g e  o p e r c u l a r  p i e c e ( s )  r em ained

a t t a c h e d  t o  t h e  c y s t  ( P I .  8 . 3  f i g . l ) .

Wall  and Dale  (1968b)  d e s c r i b e  n i n e  t y p e s  o f  c a l c a r e o u s

c y s t s ,  s i x  o f  which  were  i s o l a t e d  from r e c e n t  s e d i m e n t s .  None o f  

t h e s e  a p p e a r  t o  be  t h e  c y s t  d e s c r i b e d  h e r e .  The c y s t  f rom which 

th e y  h a t c h e d  S c r i p p s i e l l a  s w e e n e y a e , h o w e ve r ,  a p p e a r s  to  be  

r e l a t e d ,  t h e  o u t e r  c a l c a r e o u s  l a y e r  b e i n g  composed o f  rounded

r i d g e s  w i t h  some d e g r e e  o f  p a r a t a b u l a t i o n .  From t h e

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

a p p e a r s  to  be  t h a t  of  O b l i q u i p i t h o n e l l a  l o e b l i c h i  ( B o l i )  Keupp 

(Keupp p e r s .  comm.) .  [ P i t h o n e l l a  l o e b l i c h i  ( B o l i )  i s  f i g u r e d  by 

Keupp (19 8 1 )  b u t  i t  i s  i n c l u d e d  i n  h i s  new genus

O b l i q u i p i  t h o n e l l a  (Keupp and M u t t e r l o s e ,  1 9 8 4 ) . ]  F u t h e r  more 

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

r e q u i r e d  t o  c o n f i r m  t h i s  r e l a t i o n s h i p .
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Thecae

These  c y s t s  d i d  n o t  h a t c h  s u c c e s s f u l l y  i n  t h e  chambers  used  

f o r  i n c u b a t i o n  e x p e r i m e n t s .  The naked  p r o t o p l a s t  remained  

rounded  and moved a c r o s s  t h e  chamber by e x u d in g  g e l a t i n o u s

s h e a t h s  ( p e r i p l a s t s )  ( P l .  8 . 3 ,  f i g . 2 ) .  These  a p p e a r  t o  be the  

same as  t h o s e  d e s c r i b e d  by B r a a ru d  (1958)  and Wall  and Dale  

(1968a )  f o r  S c r i p p s i e l l a  t r o c h o i d e a  and Kayser  (1976)  f o r

S c r i p ps i e l l a  f a e r o e n s e  B a lech  e t  Soa res  (= S c r i p p s i e l l a  

t r o c h o i d e a , D a l e ,  1 9 7 7 b ) .  The l a t t e r  was ca u se d  by t h e  a d d i t i o n  

o f  m e r c u r i c  a c e t a t e  and t h i s  b e h a v i o u r  wou ld  seem t o  be  i n

r e s p o n s e  t o  a d v e r s e  c o n d i t i o n s .  H a t c h i n g  s u c c e s s  r a t e  w a s ,

h o w e v e r ,  v e r y  good i n  w a tc h  g l a s s e s  (which h o l d  more s e a  w a t e r  

t h a n  t h e  c h a m b e rs )  and many o f  t h e  e x c y s t e d  c e l l s  formed a g i r d l e  

and were  c l e a r l y  r e c o g n i s a b l e  a s  S c r i p p s i e l l a  s p p .  Some prob lems 

were  found  i n  t h e  f i x a t i o n  o f  c e l l s  f o r  t h e  S.E.M. A p p a r e n t l y  few 

c e l l s  had p r o p e r l y  formed t h e c a l  p l a t e s  and many c e l l s  w ere  

p i c k e d  o u t  and s c a n n e d  w i t h  no p l a t e  p a t t e r n s  b e i n g  d i s c e r n a b l e .  

T h i s  i s  p r o b a b l y  b e c a u s e  o f  t h e  method  o f  d i v i s i o n  o f  t h i s  g r oup .  

The t h e c a  b r e a k s  and i s  shed and t h e  naked p r o t o p l a s m  d i v i d e s  by 

c o n s t r i c t i o n .  Smooth t h e c a l  s u r f a c e s  wou ld  t h u s  be c h a r a c t e r i s t i c  

of  newly  formed c e l l s  ( s e e  f o r  example K a l l e y  and B i s a l p u t r a ,  

1 9 7 0 ) .  P l a t e  8 . 3 ,  f i g . 3 shows a t y p i c a l  e x c y s t e d  c e l l ,  f rom t h i s  

s t u d y ,  t h a t  i s  j u s t  b e g i n n i n g  t o  form i t s  g i r d l e  p l a t e s .  To 

overcome t h i s  p r o b le m ,  e x c y s t e d  m o t i l e  c e l l s  f rom one h a t c h i n g  

e x p e r i m e n t  w e re  u s e d  t o  s t a r t  a s m a l l  c u l t u r e .  Many c e l l s  f rom 

t h i s  c u l t u r e  w e re  S .E .M .e d  b u t  on ly  a  few p r o v i d e d  c l e a r  p i c t u r e s  

of  t h e c a l  t a b u l a t i o n .

The c e l l  had a  rounded  h y p o t h e c a  w i t h  a sonew ha t  l a r g e r  

c o n i c a l  e p i t h e c a  ( P l .  8 . 3 ,  f i g . 4 ) .  I t  swam r a p i d l y  w i t h  a 

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

c o n t a i n e r .  I t  had a l a r g e  n u c l e u s  c o n t a i n e d  i n  t h e  c e n t r e  o f  t h e  

c e l l  t o w a rd s  t h e  h y p o t h e c a .  C e l l s  t h a t  had r e c e n t l y  e x c y s t e d
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PLATE 8 . 3

A l l  f i g u r e s  a r e  S . E . M . s  u n l e s s  o t h e r w i s e  s t a t e d

F i g .  1 : L i g h t  m i c r o g r a p h  of  h a t c h e d  c y s t  of  S c r i p p s i e l l a

? sweeneyae showing a r c h e o p y l e ,  40 ym a c r o s s  ( a t  w i d e s t  

p a r t ) .  Loch C r e r a n .

F i g .  2 ; L i g h t  m i c r o g r a p h  o f  e x c y s t e d  S c r i p p s i e l l a  ?sweeneyae

c e l l  w i t h o u t  p r o p e r l y  fo rm ed  t h e c a l  p l a t e s ,  showing

d i s c a r d e d  p e r i p l a s t s .  Loch C r e r a n .

F i g .  3 : S ide  v iew  o f  e x c y s t e d  c e l l  o f  S c r i p p s i e l l a  ? sweeneyae

w i t h  g i r d l e  j u s t  becoming v i s i b l e ,  23 |im l o n g .  Loch 

C r e r a n .

F i g .  4 : V e n t r a l  v iew o f  t h e c a t e  c e l l  o f  S c r i p p s i e l l a  ? sweeneyae

from c u l t u r e  s t a r t e d  w i t h  c y s t s  f rom Loch C r e r a n ,  23 jm

a c r o s s  (same c e l l  as  shown i n  F i g .  6 ) .

F i g .  5 : A n t a p i c a l  v iew  of  t h e c a t e  c e l l  o f  S c r i p p s i e l l a

?sweeneyae  from c u l t u r e  s t a r t e d  w i t h  c y s t s  f rom Loch

C r e r a n ,  22 jm  a c r o s s .

F i g .  6 : A p i c a l  v iew o f  t h e c a t e  c e l l  o f  S c r i p p s i e l l a  ? sweeneyae

from c u l t u r e  s t a r t e d  w i t h  c y s t s  f rom Loch C r e r a n ,  23 jm

a c r o s s  (same c e l l  as  shown i n  F i g . 4 ) .
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a l s o  c o n t a i n e d  t h e  r e d  body t h a t  had been  seen  i n  t h e  c y s t .  The 

g i r d l e  was e x c a v a t e d  and d i s p l a c e d  by a b o u t  one g i r d l e  w i d t h  and 

t h u s  one a n t a p i c a l  l o b e  was l a r g e r  t h a n  t h e  o t h e r .  The t h e c a l  

p l a t e s  w e r e  smooth w i t h  randomly  s c a t t e r e d  s i m p l e  t r i c h o c y s t  

p o r e s .

The p l a t e  t a b u l a t i o n  was t y p i c a l  f o r  t h e  S c r i p p s i e l l a  group 

( F i g .  8 . 2 ,  e - f ;  P l .  8 . 3 ,  f i g s . 5 - 6 ) .  The c e l l  h a v i n g  s i x  c i n g u l a r  

p l a t e s .  The number o f  p r e c i n g u l a r  p l a t e s  i n  t h e  S c r i p p s i e l l a  

g roup  h a s  be e n  found  t o  be  v a r i a b l e  (S .  s w e e n e y a e , 4 " -  7 " ,  

B a l e c h ,  1959; S.  h e x a p r a e c i n g u l a , 6 " ,  H o r i g u c h i  and C h i h a r a ,

1 9 8 3 ) .  I n  t h i s  s t u d y  on ly  one c e l l  was found  on w h ic h  t h e  

s e v e n t h  p r e c i n g u l a r  p l a t e  ( 7 " )  was c l e a r l y  v i s i b l e  and i t  was 

d i v i d e d  t o  form an e i g h t h  P r e c i n g u l a r  ( 8 " )  ( P l .  8 . 3 ,  f i g . 6 ) .  I n  

a l l  o t h e r  d e t a i l s  t h e  s p e c i e s  d e s c r i b e d  h e r e  a p p e a r s  to  be  

s i m i l a r  t o  S.  sweeneyae  as  d e s c r i b e d  by B a le ch  (1959)  \dio does  

m e n t io n  t h e  o c c u r r e n c e  of  a b b e r r a n t  forms i n  h i s  c u l t u r e s .  The

S.  sweeneyae  o f  Wall  and Da le  (1968b)  i s  d i f f e r e n t  to  t h e  s p e c i e s  

d e s c r i b e d  h e r e  i n  i t s  c y s t  t y p e ,  t h e  asymmetry o f  t h e  a n t a p i c a l  

p l a t e s  and t h e  t h i r d  p o s t  c i n g u l a r  ( 3 " ' )  p l a t e ,  which i n  t h e i r  

h a t c h e d  c e l l s  d i d  n o t  c o n t a c t  t h e  l e f t  a n t a p i c a l  p l a t e  ( 1 " " ) .  

However^ t h e y  a l s o  m e n t i o n  v a r i a t i o n s  i n  p l a t e  t a b u l a t i o n .

The taxonomy of  t h e  S c r i p p s i e l l a  s p e c i e s  i s  e x t r e m e l y  

c o n f u s e d  ( s e e  C h a p t e r  3 ) .  The t h e c a t e  m o t i l e  s t a g e s  a r e  a l l  

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

b e tw een  t h e  m o t i l e  s t a g e s  o f  S. t r o c h o i d e a  and S. s w e e n e y a e ) b u t  

t h e i r  c y s t  t y p e s  a r e  q u i t e  d i f f e r e n t  -  p o s s i b l y  g i v i n g  a n  e a s i e r  

t axonom ic  g u i d e .  F u r t h e r  work  w i t h  e s p e c i a l  em phas i s  on 

co m p a r i s o n  o f  t h e  many c u l t u r e s  a v a i l a b l e  and i n c l u d i n g  c y s t  

s t u d i e s  i s  r e q u i r e d  t o  e l u c i d a t e  t h i s  p ro b le m .
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Genus : P r o t o p e r i d i n i u m  Bergh anend Ba lech

s u b -g e n u s  : A r c h a e p e r i d i n i u m  Cjcnr0 G/TSc/^ ôcxlû.cl%

P r o t o p e r i d i n i u m  a v e l l a n a  ( M e u n i e r )  B a le c h

F i g .  8 . 3 ,  a - b ;  P l . 8 . 4 ,  f i g s . l ,  3 & 4

S i z e : -  t h e c a  50-55jom l o n g ,  45-50jjm wide  

c y s t  50-55|jm a c r o s s

C y s t s

The c y s t s  w e re  s p h e r i c a l ,  s m o o t h - w a l l e d  and d a r k  brown.  They 

had  a d i s t i n c t  c u rv e d  h e x a g o n a l  a r c h e o p y l e  ( P l .  8 . 4 ,  f i g . l ) .  The 

op e rc u lum  re m a in e d  a t t a c h e d  a t  t h e  s h o r t  s i d e  of  t h e  a r c h e o p y l e  

and was r e l a t e d  t o  t h e  second  i n t e r c a l a r y  ( 2 a )  p a r a p l a t e  ( F i g .

8 . 3 ,  a - b ) .  T h i s  c y s t  i s  known u n d e r  t h e  name B r i g a n t e d i n i u m

c a r i a c o e n s e  (W a l l )  R e i d .

Thecae

Seven o f  t h e s e  d e l i c a t e  t h e c a e  w e r e  g e r m i n a t e d .  The rounded  

c e l l s  had  l i t t l e  t h e c a l  o r n a m e n t a t i o n  ( P l .  8 . 4 ,  f i g . 4 ) .  The 

g i r d l e  was l e f t  h a n d e d ,  e x c a v a t e d  and  s t r i a t e d  ( P l .  8 . 4 ,  f i g . 3 ) .

P r o t o p e r i d i n i u m  d e n t i c u l a t u m  (Gran & B r a a r u d )  B a le c h  

F i g .  8 . 3 ,  g - i ;  P l .  8 . 4 ,  f i g . 4

S i z e : -  t h e c a  ( s i n g l e  c e l l )  35jam long  50^m a c r o s s  

c y s t  ~50jjm a c r o s s
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PLATE 8 . 4

A l l  f i g u r e s  a r e  S . E . M . s  u n l e s s  o t h e r w i s e  s t a t e d

F i g .  1 : P r o t o p e r i d i n i u m  a v e l l a n a  c y s t  ( B r i g a n t e d i n i u m

c a r i a c o e n s e ) s h o w i n g  a r c h e o p y l e .

F i g .  2 : L i g h t  m i c r o g r a p h  o f  e x c y s t e d  t h e c a t e  c e l l s  o f

P r o t o p e r i d i n i u m  d e n t i c u l a t u m , 35 jim a c r o s s ,  Loch

Mel f o r t .

F i g .  3 : V e n t r a l  v iew  o f  e x c y s t e d  t h e c a t e  c e l l  o f  P r o t o p e r i d i n i u m  

a v e l l a n a , 50 |im a c r o s s ,  Loch M e l f o r t ,  ( s e e  a l s o  F i g .  4 )

F i g .  4 : D e t a i l  o f  s u r f a c e  p a t t e r n i n g  o f  P r o t o p e r i d i n i u m  a v e l l a n a  

c e l l  shown i n  F i g .  3 ,  x 6 , 3 0 0 .

F i g .  5 : D e t a i l  o f  o r n a m e n t a t i o n  o f  P r o t o p e r i d i n i u m  e x c e n t r i c u m

c e l l  shown i n  F i g .  7 ,  x 1 2 , 2 7 1 .

F i g .  6 : L i g h t  m i c r o g r a p h  o f  h a t c h e d  c y s t  o f  P r o t o p e r i d i n i u m  

e x c e n t r i c u m , a p p r o x i m a t e l y  50 jjm a c r o s s .  Loch M e l f o r t .

F i g .  7 : D o r sa l  /  l a t e r a l  v iew o f  e x c y s t e d  t h e c a t e  c e l l  of  

P r o t o p e r i d i n i u m  e x c e n t r i c u m , 56 ^m a c r o s s .  Loch

M e l f o r t ,  ( s e e  a l s o  F i g .  5 ) .
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C y s t s

C y s t s  w e re  s p h e r i c a l  smooth and brown and were  v e r y  s i m i l a r  

to  t h e  c y s t s  p roduce d  by t h e  o t h e r  a r c h a e p e r i d i n i u m s . The 

a r c h e o p y l e  i s  u s u a l l y  d e s c r i b e d  a s  2a b u t  in  t h e  one c y s t  

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

c l o s e l y  r e l a t e d  t o  t h e  l a  p l a t e  o f  t h e  P.  d e n t i c u l a t u m  c e l l  ( F i g .

8 . 3 ,  g - h ) .  D a le  (1983)  F i g s .  21 & 22 a l s o  shows t h i s .

Thecae

Only one c y s t  was s u c c e s s f u l l y  g e r m i n a t e d  i n  t h i s  s t u d y  and 

th e  m o t i l e  t h e c a t e  s t a g e  b u r s t  b e f o r e  f i x a t i o n  f o r  t h e  S.E.M. 

The c e l l s  of  t h i s  s p e c i e s  h a v e  a c h a r a c t e r i s t i c a l l y  f l a t t e n e d  

s i d e  and somet im es  swim a round  i n  p a i r s  ( P I .  8 . 4 ,  f i g . 2 ) .  I t  was 

t h o u g h t  t h a t  t h e s e  p a i r s  had  a d j o i n i n g  h y p o t h e c a e  (Dodge 1 9 8 2 ) .  

However ,  r e c e n t  s c a n n i n g  m i c r o s c o p e  s t u d i e s  show t h a t  p a i r s  a r e  

j o i n e d  h y p o t h e c a  to  e p i t h e c a  ( F i g .  8 . 3 ,  i ) .  Abe (1981)  h a s  

d e s c r i b e d  t h e  c e l l  w i t h  t h e  f l a t t e n e d  e p i t h e c a  as  a s e p a r a t e  

s p e c i e s  P.  h e m i s p h a e r i c u m . A number of i n t e r e s t i n g  q u e s t i o n s  

a r i s e  ; does  j u s t  a s i n g l e  c e l l  o f  t h e  p a i r  h a t c h  frcan t h e  c y s t  

o r  do t h e  c e l l s  e x c y s t  i n  p a i r s ?  I f  a s i n g l e  c e l l  e x c y s t s  w h ich  

ty p e ?  (P .  d e n t i c u l a t u m  or  P.  h e m i s p h a e r i c u m ) .  When t h e  c e l l s  

d i s r u p t e d  i n  t h e  i n c u b a t i o n  chamber  on ly  one t h e c a l  s k e l e t o n  

r e m a i n e d .  I t  i s  p o s s i b l e  t h e r e f o r e  t h a t  o n ly  one c e l l  e x c y s t e d  

and t h a t  i n  t h i s  c a s e  a l t h o u g h  a s eco n d  c e l l  had been  formed i t  

had n o t  had t i m e  to  form i t s  t h e c a l  p l a t e s .  I f  on ly  one c e l l  

e x c y s t s  i t  c o u l d  be p o s s i b l e  t h a t  t h e r e  i s  more t h a n  one ty p e  o f  

c y s t  (one f o r  P.  d e n t i c u l a t u m  and one f o r  P. h e m i s p h e r i c u m ) or  

p e rh a p s  o n ly  one c e l l  t y p e  e n c y s t s .  More s tu d y  o f  t h e  e x c y s tm e n t  

o f  t h i s  s p e c i e s  s h o u l d  answ e r  t h e s e  q u e s t i o n s .  I f  b o t h  c e l l s  

h a t c h  from t h e  same t y p e  o f  c y s t  t h i s  w i l l  p o s e  seme i n t e r e s t i n g  

g e n e t i c  and  e v o l u t i o n a r y  q u e s t i o n s .
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Figure  6.3
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tho r ianum
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Cyst of P. a v e l la n a  Cyst of R thorianum Cyst of P excentr i
cum

Protoperidinium 
d e n t ic u la tu m  cys t

R d en t icu la tu m  P d e n t ic u la tu m
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P r o t o p e r i d i n i u m  e x c e n t r i c u m  ( P a u l s e n )  B a l e c h

F i g ,  8 . 3 ,  e - f ;  P I .  8 . 4 ,  f i g s . 5-7

S i z e : -  t h e c a e  3 0 ^  long  5 9 jm  wide 

c y s t s  50|im a c r o s s

C y s t s

The c y s t s  a r e  s m o o t h - w a l l e d ,  p a l e  brown and  s l i g h t l y

d o r s o v e n t r a l l y  f l a t t e n e d .  They have  an i n d e n t e d  p a r a s u l c u s  and 

a r e  somet im es  d i s t i n c t  i n  t h e  s e d im e n t  due t o  b e i n g  e n c l o s e d  by 

t h e  p a r e n t a l  t h e c a .  Both o f  t h e  c y s t s  i n c u b a t e d  i n  t h i s  s t u d y  had 

o l d  t h e c a e  p r e s e n t .  The a r c h e o p y l e  was an i n d i s t i n c t  z i g - z a g  

s p l i t  ( F i g .  8 . 3 ,  f ;  P I .  8 . 4 ,  f i g . 6 )  somewhat r e m i n i s c e n t  o f  t h e  

?P r o t o p e r i d i n i u m  c y s t  d e s c r i b e d  by H a r la n d  (1982 -  P I . 38,

f i g s . 1 0 - 1 2 . ) .  I t  d i d  n o t  a p p e a r  to  be  r e l a t e d  t o  any p a r a p l a t e  

b o u n d a r i e s  ( F i g .  8 . 3 ,  e ) .  T h i s  c y s t  does  n o t  have a p a l y n o l o g i c a l  

d e s c r i p t i o n  b u t  i s  p r o b a b l y  g ro u p e d  w i t h  t h e  o t h e r  r o u n d ,  brown 

c y s t s  o f  p e r i d i n i a c e a n  o r  g l e n o d i n i a c e a n  a f f i n i t i e s .

Thecae

Two of  t h e  c h a r a c t e r i s t i c a l l y  f l a t t e n e d  t h e c a e  w ere

g e r m i n a t e d  ( P I .  8 . 4 ,  f i g . 7 . ) .  They had  an  u n u s u a l  a r r a n g e m e n t  of  

a p i c a l  p l a t e s  ( F i g .  8 . 3 ,  e ) .  The t h e c a  was f i n e l y  r e t i c u l a t e d

and t h e  g i r d l e  was b o r d e r e d  by s h o r t  s p i n e s  ( P I .  8 . 4 ,  f i g . 5 ) .

The i r r e g u l a r  f l a t t e n i n g  ca u se d  t h e  c e l l s  to  swim i n  a v e r y

d i s t i n c t  m anne r  w i t h  t h e  a p i c a l  p o r e  u p p e rm o s t  and t h e  body 

s w i n g in g  from s i d e  to  s i d e .
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? Pro fc o p e r id in iu m  minutum ( K o f o id )  L o e b l i c h  I I I

S i z e : -  t h e c a e  ~ 4 0 ^  a c r o s s  

c y s t  ~40pn a c r o s s

C y s t s

The c y s t  i n c u b a t e d  i n  t h i s  s t u d y  was s p h e r i c a l  and a p p e a r e d  

to  be  c o v e r e d  i n  s h o r t  s p i n e s .  L ike  many o t h e r  s p in y  c y s t s  much 

d e b r i s  had a c c u m u l a t e d  a b o u t  t h e  t e s t  so t h e  s t r u c t u r e  was a 

l i t t l e  o b s c u r e d .  The o p e rc u lu m  re m a in e d  a t t a c h e d  t o  t h e  t e s t  so 

i t  was d i f f i c u l t  t o  d e t e r m i n e  t h e  a r c h e o p y l e  s h a p e .  I t  d i d  n o t  

a p p e a r  t o  r e s e m b le  t h e  c y s t  d e s c r i b e d  by Wall  and Dale  (1968a)  

f o r  t h i s  s p e c i e s  b u t  was s i m i l a r  to  t h a t  d e s c r i b e d  by Fukuyo 

e t  a l .  ( 1 9 7 7 ) .

Thecae

Only one c y s t  o f  t h i s  t y p e  was s u c e s s f u l l y  h a t c h e d  and  o n l y  

a b r i e f  e x a m i n a t i o n  was p o s s i b l e  b e f o r e  i t  r u p t u r e d .  The g r o s s  

m o r p h o l o g i c a l  c h a r a c t e r i s t i c s  w ere  t h o s e  of  P.  m in u tum . I t  was a 

g l o b u l a r  c e l l  w i t h  a v e n t r a l  s u l c a l  l i s t .  F u r t h e r  work i n c l u d i n g  

S.E.M. i s  n e e ded  t o  c o n f i r m  t h i s  c y s t - t h e c a  r e l a t i o n s h i p .

P r o t o p e r i d i n i u m  t h o r i a n u m  ( P a u l s e n )  B a l e c h

F i g .  8 . 3 ,  c - d ;  P I .  8 . 5 ,  f i g s . 1-2

S i z e : -  t h e c a e  50-60^m a c r o s s  

c y s t s  50-55^m a c r o s s
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C y s t s

The c y s t s  w ere  s p h e r i c a l ,  s m o o t h - w a l l e d  and d a r k  b ro w n . The 

o p e rc u l u m ,  a l t h o u g h  s i m i l a r  i n  shape  t o  t h a t  o f  P r o t o p e r i d i n i u m  

a v e l l a n a ; was n o t  c u rv e d  and was a t t a c h e d  t o  t h e  a r c h e o p y l e  a lo n g  

t h e  l o n g  s i d e  ( F i g .  8 . 3 , d ) .  Again t h i s  i s  a r o u n d ,  brown c y s t  

t h a t  h a s  p r o b a b l y  n o t  b e e n  d e s c r i b e d  s e p a r a t e l y .  I t  i s  m os t  

s i m i l a r  t o  t h e  c y s t s  o f  P r o t o p e r i d i n i u m  d e n t i c u l a t u m .

Thecae

T hree  t h e c a e  w e re  g e r m i n a t e d .  They were v e r y  s i m i l a r  to  

P .  a v e l l a n a  h a v i n g  two i n t e r c a l a r y  p l a t e s  and a  l e f t  h a n d e d ,  

s t r i a t e d ,  e x c a v a t e d  g i r d l e  ( F i g .  8 . 3 ,  c; P I .  8 . 5 ,  f i g . l ) .  They 

were  c h a r a c t e r i s e d  by t h e i r  p a p i l l a t e  t h e c a l  p l a t e  s u r f a c e  ( P I .

8 . 5 ,  f i g . 2 )  and t h e i r  s l i g h t l y  l a r g e r  s i z e .  As th e  on ly  

d i f f e r e n c e  b e tw e e n  t h e  c e l l  t y p e s  of  P.  a v e l l a n a  and P.  t h o r i a n u m  

a p p e a r s  t o  be  t h e  p a p i l l a t e  s u r f a c e  and b e c a u s e  t h e  t h e c a l  

s t r u c t u r e  o f  some s p e c i e s  v a r i e s  w i t h  age  t h i s  may be  a somewhat  

d u b io u s  s p e c i e s  d i s t i n c t i o n .  However ,  t h e  c e l l s  o f  b o t h  s p e c i e s  

were  a l l  examined  a t  a s i m i l a r  ' a g e '  a f t e r  h a t c h i n g  so 

d i f f e r e n c e s  i n  t h e c a l  p a t t e r n i n g  a r e  l i k e l y  t o  be  s i g n i f i c a n t .

s u b -g e n u s  : O r t h o p e r i d i n i u m

T h i s  w i l l  be s u b - d i v i d e d  a c c o r d i n g  t o  t h e  c o n f i g u r a t i o n  o f  

t h e  2a p l a t e .  I n  t h e  o r t h o p e r i d i n i u m  t h e  2a p l a t e  c o n t a c t s  the  

o t h e r  two i n t e r c a l a r y  p l a t e s .  I f  i t  a l s o  c o n t a c t s  t h e  t h i r d  

a p i c a l  ( 3 ' )  and t h e  f o u r t h  p r e c i n g u l a r  ( 4 " ) ,  i t  i s  d e s c r i b e d  a s  

' q u a d r a ' .  I f  i n  a d d i t i o n  t o  t h e  3 '  and t h e  4 "  i t  t o u c h e s  the  

t h i r d  o r  t h e  f i f t h  p r e c i n g u l a r  ( 3 "  /  5 " )  i t  i s  d e s c r i b e d  a s  

' p e n t a ' .  I f  i t  t o u c h e s  a l l  t h e s e  p l a t e s  ( 3 ' ,  3 " ,  4 " ,  5 " )  i t  i s

d e s c r i b e d  a s  ' h e x a ' .
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PLATE 8 . 5

A l l  f i g u r e s  a r e  S .E .M .s  u n l e s s  o t h e r w i s e  s t a t e d

F i g .  1 : L a t e r a l  view of  e x c y s t e d  t h e c a t e  c e l l  o f  P r o t o p e r i d i n i u m  

t h o r i a n u m , 54 ^m a c r o s s .  Loch C r e r a n .

F i g .  2 : D e t a i l  o f  s u r f a c e  p a t t e r n i n g  o f  t h e c a  of  an e x c y s t e d

P r o t o p e r i d i n i u m  t h o r i a n u m  c e l l ,  x 6 , 9 0 0 .

F i g .  3 : P r o t o p e r i d i n i u m  c l a u d i c a n s  c y s t  (V o ta d in iu m  s p in o s u m ) , 

59 um a c r o s s  ( a t  w i d e s t  p a r t ) .

F i g .  4 : P r o t o p e r i d i n i u m  c l a u d i c a n s  c y s t  (V o ta d in iu m  s p in o s u m )

showing d e b r i s  c o l l e c t e d  on i t ,  63 ^  a c r o s s .  Loch

C r e r a n .

F i g .  5 : A p i c a l  v iew o f  h a t c h e d  P r o t o p e r i d i n i u m  c l a u d i c a n s  c y s t  

(Votad in ium  s p in o s u m ) .  Loch C r e r a n ,  (same c e l l  a s  shown 

in  F i g .  6 ) .

F i g .  6 : L i g h t  m i c r o g r a p h  o f  P r o t o p e r i d i n i u m  c l a u d i c a n s  c y s t

(V otad in ium  s p in o s u m ) , showing a r c h e o p y l e ,

a p p r o x i m a t e l y  65 jim a c r o s s .  Loch C r e r a n ,  (same c e l l  as  

shown i n  F i g .  5 ) .
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2a plate quadra

P r o t o p e r i d i n i u m  c l a u d i c a n s  ( P a u l s e n )  B a le c h

F i g .  8 . 4 ;  a - c ;  P I .  8 . 5 ,  f i g s . 3 - 6 ;  P I .  8 . 6 ,  f i g s . 1-2

S i z e : -  t h e c a e  55-80|im long  48-56pm wide 

c y s t  50-65pm a c r o s s

C y s t s

The c y s t s  w e re  h e a r t - s h a p e d  and d o r s o - v e n t r a l l y  c o m p r e s s e d .  

The s u r f a c e  was c o v e r e d  i n  s h o r t  p o i n t e d  s p i n e s  ( P I .  8 . 5 ,  f i g . 3 ) .  

O c c a s i o n a l l y  t h e s e  w e re  no t  v i s i b l e  b e c a u s e  o f  an a c c u m u l a t i o n  o f  

d e b r i s  a r o u n d  them ( P l .  8 . 5 ,  f i g . 4 ) .  The a r c h e o p y l e  was q u i t e

l a r g e  and was sometim es  o f  t h e  i n t e r c a l a r y  t y p e .  I t  sometimes 

had  a t e n d e n c y  t o  t r u n c a t e  t h e  c y s t  ( F i g .  8 . 4 ,  a - b ;  P I .  8 . 5 ,  

f i g s . 5 - 6 ) .  I t  i s  u s u a l l y  d e s c r i b e d  a s  r e p r e s e n t i n g  t h e  l o s s  of  

t h e  2a p a r a p l a t e .  These  c y s t s  a r e  i n c l u d e d  i n  R e i d ' s  (1977)  

genus  V o t a d i n i u m .

Thecae

Numerous t h e c a e  o f  t h i s  s p e c i e s  w e re  s u c c e s s f u l l y  h a t c h e d .  

The c e l l s  w e r e  d o r s o - v e n t r a l l y  f l a t t e n e d  w i t h  an a p i c a l  h o r n  and 

two a n t a p i c a l  h o r n s  ( t h e  r i g h t  one u s u a l l y  b e i n g  l o n g e r  t han  t h e  

l e f t )  ( P I .  8 . 6 ,  f i g s . 1 - 2 ) .  T h i s  s p e c i e s  h a s  been  d e s c r i b e d  a s  

h a v i n g  a  q u a d r a  o r  p e n t a  2a p l a t e  ( H a r l a n d  1 9 8 2 ) .  A l l  t h e  c e l l s  

h a t c h e d  i n  t h i s  s t u d y  t h a t  w e r e  examined  on t h e  S.E.M. had a 

p e n t a  c o n f i g u r a t i o n  ( F i g .  8 . 4 ,  c ;  P I .  8 . 6  f i g . 2 ) .  T h i s  c e l l  i s  

s i m i l a r  to  P r o t o p e r i d i n i u m  oblongum.
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a

Figure 8.4

Cysts of Protoperidinium claudicans  P c laud icans

Protoperidinium
th u le s e n s e

Protoperidinium
conicoides

Protoperidinium 
? hanaoei

P t h u l e s e n s e  cys t  P. con ico ides  cys t  ? P. h a n a o e i  cyst
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Protoperidinium oblongum (Aurivillius) Parke & Dodge

P I .  8 . 6 ,  f i g s . 3 - 6 ;  P I .  8 . 7 ,  f i g s . 1 -4

S i z e ; -  t h e c a  7 7 - 1 1 9 ^  lo n g  50-66pm wide 

c y s t  61-85pm lo n g  58-69pm a c r o s s

C y s t s

The c y s t  form was q u i t e  v a r i a b l e ,  wh ich  may i n d i c a t e  t h a t  a 

s p e c i e s  complex i s  i n v o l v e d .  They were  s m o o t h - w a l l e d ,  brown and 

v a r i e d  i n  sha pe  from r h o m b o - c h o r d a t e  ( P I .  8 . 6 ,  f i g . 3 )  to  p y r i f o r m  

( P I .  8 . 6 ,  f i g . 4 ) .  T h e re  was d o r s o - v e n t r a l  c o m p r e s s i o n .  The 

a r c h e o p y l e  somet im es  t r u n c a t e d  t h e  apex  o f  t h e  c y s t  and a t  o t h e r  

t im es  a p p e a r e d  i n t e r c a l a r y  ( P I .  8 . 6 ,  f i g . 5 ) .  T h i s  i s  v e ry

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

c l a u d i c a n s . The s m a l l e r  rhombic c y s t s  a p p e a r e d  t o  have no 

p a r a t a b u l a t i o n  ( P I .  8 . 6 ,  f i g . 3)  w he re as  t h e  l a r g e r  c y s t s  had a 

r a i s e d  p a r a c i n g u l u m  and a n  i n d e n t e d  p a r a s u l c u s  c o n t a i n i n g  

r e f l e c t e d  f l a g e l l a r  p o r e s  ( P I .  8 . 6 ,  f i g . 6 ) .  I n  t h e  l a r g e r  c y s t s  

t h e  w a l l  was c o v e r e d  w i t h  t h e  p i t t i n g  n o t e d  by Reid  (1977 )  ( P I .

8 . 6 ,  f i g s . 4 & 6 ) .  The c y s t s  w e re  f u l l  o f  s m a l l  g l o b u l e s  some of  

which  w ere  c o l o u r e d  c r im so n  ( P I .  8 . 7 ,  f i g . l ) .  T h i s  c y s t  t y p e  i s  

a l s o  i n c l u d e d  i n  R e i d ' s  ( 1 9 7 7 )  genus V o t a d i n i u m .

Thecae

Many t h e c a e  w e r e  s u c c e s s f u l l y  h a t c h e d .  They had a long

a p i c a l  h o r n  and  two lo n g  s u b - e q u a l  a n t a p i c a l  h o r n s  ( P I .  8 , 7 ,

f i g . 2 ) .  O c c a s i o n a l l y  damaged s p e c im ens  w e re  h a t c h e d  where  t h e  

c e l l  s h a p e  was n o t  p r o p e r l y  formed ( f o r  example c e l l s  w i t h  one

a n t a p i c a l  h o r n ,  c e l l s  w i t h  s q u a r e  a n t a p i c a l  h o r n s ) .  S e v e r a l

v a r i e t i e s  ha v e  b e e n  d e s c r i b e d  f o r  t h i s  s p e c i e s  by Dangeard  (1927 ) 

h a v i n g  d i f f e r e n t  d o r s a l  e p i t h e c a l  p l a t e  a r r a n g e m e n t s .  I t  i s  a l s o  

s i m i l a r  t o  o t h e r  P r o t o p e r i d i n i u m  s p e c i e s ,  t h e  s m a l l e r  spec im ens
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PLATE 8 . 6

A l l  f i g u r e s  a r e  S .E .M .s  u n l e s s  o t h e r w i s e  s t a t e d

F i g .  1 : L i g h t  m i c r o g r a p h  showing v e n t r a l  v iew  o f  e x c y s t e d

t h e c a t e  c e l l  o f  P r o t o p e r i d i n i u m  c l a u d i c a n s , from c y s t  

shown i n  P I .  8 . 5 ,  f i g s .  5 - 6 ,  a p p r o x i m a t e l y  60 j m  

a c r o s s .  Loch C r e r a n .

F i g .  2 ; D orsa l  view o f  e x c y s t e d  t h e c a t e  c e l l  o f  P r o t o p e r i d i n i u m  

c l a u d i c a n s , a p p r o x i m a t e l y  50 jim a c r o s s .

F i g .  3 : P r o t o p e r i d i n i u m  oblongum c y s t  (V o ta d in iu m  c a lv u m ) , 66 ^m 

a c r o s s .

F i g .  4 : V e n t r a l  view o f  a h a t c h e d  P r o t o p e r i d i n i u m  oblongum c y s t  

(V o ta d in ium  c a lv u m ) , a p p r o x i m a t e l y  73 jjm l o n g .

F i g .  5 : A p i c a l  vi ew o f  a h a t c h e d  P r o t o p e r i d i n i u m  oblongum c y s t

(V o tad in ium  c a lvum ) ,  a p p r o x i m a t e l y  65 jim a c r o s s .

F i g .  6 : D e t a i l  o f  s u l c a l  r e g i o n  o f  h a t c h e d  P r o t o p e r i d i n i u m

oblongum c y s t  (V o tad in ium  c a lvum ) , x  6 , 9 0 0 .
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b e i n g  a k i n  t o  P. c l a u d i c a n s  and t h e  l a r g e r  spec im ens  to  

P r o t o p e r i d i n i u m  o c e a n i c u m . The se  s p e c i e s  a r e  l a r g e l y

d i s t i n g u i s h e d  by s i z e  and s h a p e .  Wall  and Da le  ( 1968a )  d i s c u s s  

t h e  v a r i a t i o n  i n  t h e c a l  t y p e  and m e n t i o n  o b t a i n i n g  t h e  d i f f e r e n t  

Dangeard  v a r i e t i e s ,  b u t  d i d  n o t  r e l a t e  t h e s e  to  p a r t i c u l a r  c y s t  

t y p e s .  Two d i f f e r e n t  v a r i e t i e s  w i t h  q u a d r a  and p e n t a  2a  p l a t e s  

were o b t a i n e d  i n  t h i s  s t u d y  ( P I .  8 . 7 ,  f i g s . 3 & 4 ) ,  and a p p e a r  to  

r e l a t e  t o  t h e  Danegard v a r i e t i e s  P.  oblongum v a r  symmetr icum and 

v a r  i n e q u a l e . D i s t i n c t i o n s  b e tw een  c y s t s  w e re  n o t  made d u r i n g  

S.E.M. work so c o r r e l a t i o n s  b e tw een  c y s t  t y p e s  and  t h e c a l  

v a r i e t i e s  w e re  n o t  p o s s i b l e .  F u r t h e r  c r i t i c a l  work i s  needed  t o  

d i s t j t i g u i s h  t h e  v a r i e t i e s  and t h e i r  c y s t  t y p e s  i n  t h i s  s p e c i e s  

c o m p l e x .

P r o t o p e r i d i n i u m  ? t h u l e s e n s e  ( B a l e c h )  B a l e c h

F i g .  8 . 4 ,  d - e ;  P I .  8 . 7  f i g s . 5 -6

S i z e : -  t h e c a  46|im lo n g  4 4 ^  wide 

c y s t  40jim a c r o s s

C y s t s

The c y s t  was l i g h t  brown and  s p h e r i c a l .  I t  was v e ry  l i k e  t h e

c y s t s  o f  D. l e n t i c u l a . The a r c h e o p y l e  was a s l i t  and a p p e a r e d  t o

f o l l o w  t h e  g i r d l e  i t  d i v i d e d  t h e  c y s t  u n e q u a l l y  ( F i g .  8 . 4 ,  e; P I .

8 . 7 ,  f i g . 5 ) .  A S.E .M. o f  t h e  f r o n t  o f  t h e  c y s t  showed t h a t  t h e

a r c h e o p y l e  ( w i t h  i t s  s p l i t  a t  t h e  b a c k  o f  t h e  c y s t )  a l s o

r e f l e c t e d  t h e  s l i g h t l y  o f f s e t  g i r d l e .  Even a f t e r  h a t c h i n g  t h i s

c y s t  c o u l d  e a s i l y  be  c o n f u s e d  w i t h  o t h e r  round brown c y s t s  of  

D i p l o p s a l i s  a f f i n i t i e s .
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PLATE 8 .7

A l l  f i g u r e s  a r e  S .E .M .s  u n l e s s  o t h e r w i s e  s t a t e d

F i g .  1 : L i g h t  m i c r o g r a p h  o f  P r o t o p e r i d n i u m  oblongum c y s t

(Votad in ium  c a lv u m ) showing c y s t  c o n t e n t s ,

a p p r o x i m a t e l y  70 jm  l o n g .  Loch C r e r a n .

F i g .  2 : V e n t r a l  v iew o f  e x c y s t e d  t h e c a t e  c e l l  o f  P r o t o p e r i d i n i u m  

oblongum, 119 ^  l o n g .

F i g .  3 : D o r s a l  v iew o f  e x c y s t e d  t h e c a t e  c e l l  o f  P r o t o p e r i d i n i u m  

oblongum ( n o te  f i v e  s i d e d  2a p l a t e ) ,  110 yjm l o n g .

F i g .  4 : D o r s a l  v iew  o f  e x c y s t e d  t h e c a t e  c e l l  o f  P r o t o p e r i d i n i u m

oblongum ( n o te  f o u r  s i d e d  2a p l a t e ) ,  a p p r o x i m a t e l y  80 

yjm l o n g .

F i g .  5 : S ide  v iew o f  P r o t o p e r i d i n i u m  ? t h u l e s e n s e , 35 ^m a c r o s s .  

Loch C r e r a n .

F i g ,  6 : L i g h t  m i c r o g r a p h  showing m ed ian  s e c t i o n  o f

P r o t o p e r i d i n i u m  ? t h u l e s e n s e , 44 j m  a c r o s s .  Loch C r e r a n ,
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Thecae

One t h e c a t e  m o t i l e  s t a g e  was s u c e s s f u l l y  h a t c h e d .  I t  had a 

number of  d i s t i n c t i v e  f e a t u r e s .  The e p i t h e c a  was l o n g e r  t han  t h e  

h y p o t h e c a  ( P I .  8 . 7 ,  f i g . 6 ) .  I t  had a v e r y  u n u s u a l l y  s h a p e d  f i r s t  

a p i c a l  p l a t e  ( F i g .  8 . 4 ,  d )  and t h e  2a p l a t e  i s  q u a d r a .  The c e l l  

a l s o  had an  e x c a v a t e d  g i r d l e  w i t h  no l i s t s  wh ich  i s  s l i g h t l y  

o f f s e t  ( a b o u t  h a l f  a g i r d l e  w i d t h ) .  T h i s  c e l l  has  n o t  p r e v i o u s l y  

been  h a t c h e d .

2a p l a t e  p e n t a  

P r o t o p e r i d i n i u m  ? h a n g o e i  ( S c h i l l e r )  comb. nov .

Basionym: P e r i d i n i u m  h a n g o e i  S c h i l l e r  1937 p . 135 f i g . l 2 9 , a - d  

F i g .  8 . 4 ,  f - g ;  P I .  8 . 8 ,  f i g s . 1-2

S i z e : -  t h e c a e  35^m wide

c y s t s  38|im a c r o s s

C y s t s

The c y s t s  w ere  s m o o t h - w a l l e d ,  brown and  s p h e r i c a l  and t h e  

h e x a g o n a l  o p e rc u lu m  re m a in e d  a t t a c h e d  t o  one o f  t h e  s h o r t  s i d e s  

of  t h e  a r c h e o p y l e  ( F i g .  8 . 4 ,  g ) .  T h i s  c y s t  t y p e  i s  so s i m i l a r  i n  

a p p e a r a n c e  to  t h o s e  of  P . p u n c t u l a t u m  and v a r i o u s  o t h e r  round 

brown c y s t s  t h a t  i t  has  p r o b a b l y  n o t  b e e n  d e s c r i b e d  a s  a s e p a r a t e  

c y s t  s p e c i e s .

The c ae

Two t h e c a e  w e r e  g e r m i n a t e d .  These  w e re  rounded  w i t h  a 

s l i g h t l y  a n g u l a r  e p i t h e c a  and an  a p i c a l  p o r e  w h ic h  e x t e n d e d  i n t o  

t h e  t h i r d  a p i c a l  p l a t e .  The t h e c a  had t h r e e  s i m i l a r l y  s i z e d
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PLATE 8 . 8  

A l l  f i g u r e s  a r e  S . E . M . s

F i g .  1 : A p ic a l  view o f  e x c y s t e d  t h e c a t e  c e l l  o f  P r o t o p e r i d i n i u m

?h a n g o e i , 35 ^m a c r o s s ,  Loch M e l f o r t ,  (same c e l l  as

shown i n  F i g .  2 ) .

F i g .  2 : A p ic a l  view o f  e x c y s t e d  t h e c a t e  c e l l  o f  P r o t o p e r i d i n i u m

?h a n g o e i , showing f i v e  s i d e d  2a p l a t e ;  35 jxm a c r o s s .  

Loch M e l f o r t ,  (same c e l l  as  shown i n  F i g .  1 ) .

F i g .  3 : D o rsa l  v iew o f  h a t c h e d  P r o t o p e r i d i n i u m  c o n i c o i d e s  c y s t

(B r i g a n t e d i n i u m  s i m p l e x ) showing o p e r c u l a r  p i e c e  t u c k e d  

i n s i d e  t h e  a r c h e o p y l e ,  a p p r o x i m a t e l y  43 jm  a c r o s s .  Loch 

C r e r a n .

F i g .  4 : V e n t r a l  v iew  o f  e x c y s t e d  t h e c a t e  c e l l  o f  P r o t o p e r i d i n i u m  

c o n i c o i d e s , 54 jm  a c r o s s .  Loch C r e r a n .

F i g .  5 : V e n t r a l  v iew  o f  P r o t o p e r i d i n i u m  conicum c y s t

( S e le n o p e m p h ix ) , a p p r o x i m a t e l y  41 jim a c r o s s  ( e x c l u d i n g  

s p i n e s ) ,  from Loch Sween s e d im e n t  s a m p le .

F i g .  6 : D o r sa l  v iew o f  e x c y s t e d  t h e c a t e  c e l l  o f  P r o t o p e r i d n i u m

co n ic u m , a p p r o x i m a t e l y  36 fim a c r o s s .
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i n t e r c a l a r y  p l a t e s ,  t h e  second  o f  which  was " p e n t a "  ( F i g .  8 . 4 ,  f ;  

P I .  8 . 8 ,  f i g . 2 ) .  The g i r d l e  was s t r i a t e d  and e x c a v a t e d  w i t h  s m a l l  

l i s t s .  The s u l c u s  was b o r d e r e d  on  one s i d e  by a s m a l l  w in g .  The 

t h e c a l  a f f i n i t y  o f  t h i s  c e l l  was d i f f i c u l t  t o  d e c i d e .  I t  has 

p r o v i s i o n a l l y  be e n  a s c r i b e d  t o  P . h a n g o e i  l a r g e l y  b e c a u s e  of  t h e  

p l a t e  p a t t e r n i n g ,  a l b e i t  t h e  o r i g i n a l  d e s c r i p t i o n  was drawn i n  

m i r r o r  image (L indemann,  1 9 2 4 ) .  T h e re  a r e ,  how ever ,  a number of  

d i f f e r e n c e s .  The s c a n n i n g  m i c r o g r a p h  o f  t h e  e x c y s t e d  m o t i l e  s t a g e  

( P l .  8 . 8 ,  f i g . l  & 2)  shows t h e  t h e c a  t o  have some r e l i e f  w he re as  

p r e v i o u s  d e s c r i p t i o n s  o f  P . h a n g o e i  by l i g h t  m i c r o s c o p y  have  shown 

i t  as  smooth w a l l e d .  P . h a n g o e i  i s  a l s o  drawn a s  b e i n g  rounded  b u t  

t h e  e p i t h e c a  o f  ou r  spec im ens  was s l i g h t l y  a n g u l a r .

2a p l a t e  hexa

P r o t o p e r i d i n i u m  c o n i c o i d e s  ( P a u l s e n )  B a le ch

F i g .  8 . 4 ,  h - i ;  P l . 8 . 8 ,  f i g s . 3 -4

S i z e : -  t h e c a e  54|im lo n g  54jim wide  

c y s t s  50jjm a c r o s s

C y s t s

The c y s t s  w e re  s m o o t h - w a l l e d ,  d a r k  brown and a l m o s t

s p h e r i c a l .  A l l  t h e  c y s t s  g e r m i n a t e d  o f  t h i s  t y p e  had a domed apex

and some a l s o  had an  i n d e n t e d  p a r a s u l c u s  w i t h  r e f l e c t e d  f l a g e l l a r  

p o r e s  ( P l .  8 . 8 ,  f i g . 3 ) .  The a r c h e o p y l e  was s i x  s i d e d  and  a p p e a r e d

to  r e f l e c t  t h e  2a p l a t e  ( f i g . 4 ,  h - i ) .  T h i s  c y s t  was d e s c r i b e d  by

R e id  (19 7 7 )  as  B r i g a n t e d i n i u m  s im p l e x  and used  a s  h i s  type  

s p e c i e s  f o r  B r i g a n t e d i n i u m .
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Thecae

Thre e  r e c o g n i s a b l e  t h e c a e  w e r e  g e r m i n a t e d .  These  were  

rhombic i n  d o r s o v e n t r a l  v iew and had  a d e e p l y  e x c a v a t e d  s u l c u s  

w i t h  a c h a r a c t e r i s t i c  t w i s t  on t h e  l e f t  be low  t h e  g i r d l e  ( P l .

8 . 8 ,  f i g . 4 ) .  G e r m i n a t i o n  h a s  no t  p r e v i o u s l y  been  a c h i e v e d  w i t h  

t h i s  s p e c i e s  a l t h o u g h  Wall  and Dale  ( 1968a )  e s t a b l i s h e d  a l i n k  

be tw een  t h i s  c y s t  t y p e  and P . c o n i c o i d e s  by e x a m in ing  spec imens  

from t h e  p l a n k t o n .

P r o t o p e r i d i n i u m  con icum (Gran)  B a le c h

F i g .  8 . 5 ,  a; P l . 8 . 8 ,  f i g s . 5 -6

S i z e : -  t h e c a  37pn lo n g  37pn a c r o s s

c y s t  38pn lo n g  43pm a c r o s s  ( t h e  body )  s p i n e s  ~10jim long

C y s t s

The c y s t s  showed p o l a r  c o m p r e s s i o n  and  were  s p i n y ,  t h e  

s p i n e s  r e f l e c t i n g  some d e g r e e  of  p a r a t a b u l a t i o n .  The g i r d l e  was 

e s p e c i a l l y  o b v io u s  ( P l .  8 . 8 ,  f i g . 5 ) .  T h e re  w e r e  a l s o  r e f l e c t e d

f l a g e l l a r  p o r e s  i n  t h e  p a r a s u l c a l  r e g i o n  o f  t h e  c y s t .  The c y s t s  

were f u l l  o f  s m a l l  g l o b u l e s  sometim es  c o l o u r e d  b r i l l i a n t  r e d .  The 

a r c h e o p y l e  i s  d e s c r i b e d  a s  p r o b a b l y  b e i n g  2a ( H a r l a n d ,  1 9 8 2 ) .  I t  

h a s  b e e n  d e s c r i b e d  i n  t h e  c y s t  genus  M u l t i s p i n u l a  B r a d f o r d  b u t  

t h i s  i s  a j u n i o r  synonym o f  Se lenopem ph ix  Benedek ( H a r l a n d ,  

1 9 8 2 ) .

Thecae

F our  m o t i l e  t h e c a t e  s t a g e s  w e re  h a t c h e d .  Each had t h e  

c h a r a c t e r i s t i c  r a i s e d  s t r a i g h t  s u t u r e s  b e tw e e n  t h e  a p i c a l  and 

p r e c i n g u l a r  s e r i e s  of  p l a t e s  ( P l .  8 . 8 ,  f i g . 6 ) .  Newly e x c y s t e d  

c e l l s  a l s o  c o n t a i n e d  t h e  r e d  b o d i e s  t h a t  had been  o b s e r v a b l e  in
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F i g u r e  8.5

a

P ro to p e r id in iu m
conicum

b

'h e x a '

c

' q u a d r a ’

P ro toper id in ium
s u b in e r m e

P ro tope r id in ium
p u n c tu la tu m

P. s u b i n e r m e  cys t P. p u n c t u l a t u m  c y s t  
( a f t e r  Wall  and D ale ,  1968a)
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t h e  c y s t .  A f t e r  a few days  t h e s e  d i s p e r s e d  w i t h i n  t h e  c e l l  

g i v i n g  i t  t h e  c h a r a c t e r i s t i c  p in k  c o l o u r  o f t e n  n o t e d  i n  t h e  

P r o t o p e r i d i n i a l e s . The c e l l  i s  u s u a l l y  d e s c r i b e d  a s  h a v i n g  an  

o r t h o - h e x a  p l a t e  a r r a n g e m e n t .  The o r i g i n a l  d e s c r i p t i o n  by Gran 

(1902)  f i g u r e s  i t  as  q u a d r a  o r  hexa and Wall  and Da le  (1968)  

n o t e d  b o t h  q u d r a  and he x a  f o rm s .  Both t h e  e x c y s t e d  t h e c a e  

s t u d i e d  on t h e  S.E.M. had a q u a d r a  2a  p l a t e  ( F i g .  8 . 5 ,  a;  P l . 8 . 8  

f i g . 6 ) .  The p l a t e  a r r a n g e m e n t  i s  such t h a t  i t  a p p e a r s  ea sy  f o r  

t h e r e  to  be  " s l i p p a g e "  from a q u a d r a  to  a hexa  c o n f i g u r a t i o n  

( F i g .  8 . 5 ,  b - c )  B e c a u s e  o f  t h i s  and  t h e  d i s t i n c t i v e  c y s t  t y p e  

t h e s e  c e l l s  a r e  c l e a r l y  P.  con icum

P r o t o p e r i d i n i u m  d i v a r i c a t u m  ( M e u n ie r )  P a r k e  and Dodge

P l .  8 . 9 ,  f i g s . 1-3

S i z e : -  t h e c a  38jxm l o n g  38^m a c r o s s  

c y s t  ~ 5 0 ^  a c r o s s

C y s t s

Only one c y s t  o f  t h i s  t y p e  has  been  found  i n  t h i s  s t u d y  of

t h e  s e a - l o c h  s e d i m e n t s .  The c y s t  was c o v e re d  w i t h  a  v a r i e t y  of

p r o c e s s e s  ( R e i d ,  1 9 7 7 ) .  I t  had a  c onc ave  v e n t r a l  a r e a  and a

convex  d o r s a l  a r e a .  The a r c h e o p y l e  i n  t h i s  c a s e  a p p e a r e d  t o  be

t r a p e z o i d a l  ( P l .  8 . 9 ,  f i g . l ) .  The c y s t  has  been  d e s c r i b e d  a s

X a n da rod in ium  xanthum  ( R e i d ,  1 9 7 7 ) .

Thecae

Only one c y s t  was h a t c h e d .  T h e r e  was some problem in

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

r e l a t i o n s h i p  was f e l t  t o  b e  t h e  same as  t h a t  d e s c r i b e d  by

Matsuoka  a l .  ( 1 9 8 2 ) ,  s u g g e s t i n g  t h a t  t h e  m o t i l e  c e l l  was

P .  d i v a r i c a t u m .  The t h e c a t e  s t a g e  was smooth w a l l e d  and  ha d  two
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PLATE 8 . 9

A l l  f i g u r e s  a r e  S .E .M .s  u n l e s s  o t h e r w i s e  s t a t e d

F i g .  1 : L i g h t  m i c r o g r a p h  o f  c y s t  o f  P r o t o p e r i d i n i u m  d i v a r i c a t u m  

(Xandarod in ium  x a n th u m ) , a p p r o x i m a t e l y  70 jsm a c r o s s ,  

Loch M e l f o r t .

F i g .  2 : L i g h t  m i c r o g r a p h  o f  e x c y s t e d  t h e c a t e  c e l l  of

P r o t o p e r i d i n i u m  d i v a r i c a t u m  (from c y s t  i n  F i g .  1 ) ,  

a p p r o x i m a t e l y  40 jim a c r o s s .  Loch M e l f o r t ,  ( s e e  a l s o  

F i g .  3 ) .

F i g .  3 : V e n t r a l  view o f  e x c y s t e d  t h e c a t e  c e l l  o f  P r o t o p e r i d i n i u m  

d i v a r i c a t u m  shown i n  F i g .  2 ,  a p p r o x i m a t e l y  40 yjm 

a c r o s s .  Loch M e l f o r t .

F i g .  4 : D o rsa l  v iew o f  h a t c h e d  c y s t  of  P r o t o p e r i d i n i u m  l e o n i s

(Q u i n q u e c u s p i s  c o n c r e t u m ) ,  63 jim a c r o s s .  Loch M e l f o r t .

F i g .  5 : D orsa l  v iew o f  P r o td e i p r i d in i u m  l e o n i s  c y s t
V  '

(Q u in q u e c u s p i s  c o n c r e t u m ) showing a r c h e o p y l e ,  f rom 

s e d im e n t  s a m p le ,  65 |im a c r o s s .

F i g .  6 : V e n t r a l  vi ew o f  P r o t o p e r i d i n i u m  l e o n i s  c y s t

(Q u i n q u e c u s p i s  c o n c r e t u m ) showing r e f l e c t e d  t a b u l a t i o n ,  

65 J im  a c r o s s .  Loch S p e l v e .
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c o n s p i c u o u s ,  d i v e r g e n t ,  h o l lo w  a n t a p i c a l  h o r n s  ( P I .  8 . 9 ,  f i g . 2 ) .  

I t  had a d e e p l y  i n d e n t e d  s u l c u s  and an  e x c a v a t e d  g i r d l e  w i t h  

s m a l l  l i s t s  ( P I .  8 . 9 ,  f i g . 3 ) .  I t  d i f f e r e d  from M a t s u o k a s '  

d e s c r i p t i o n  i n  h a v i n g  a q u a d r a  2a  p l a t e  b u t  t h i s  was p r o b a b l y  due 

to  " s l i p p a g e "  ( F i g .  8 . 5 ,  b - c ) .  T h i s  t h e c a t e  d i n o f l a g e l l a t e  i s

n o t  commonly i d e n t i f i e d  a s  b e i n g  p r e s e n t  a round  t h e  B r i t i s h  I s l e s  

( s e e  f o r  example Dodge, 1 9 8 2 ) .  R e id  (1977 )  found t h e  c y s t  to  be  

common a l o n g  t h e  s o u t h  c o a s t  o f  t h e  S o u t h e r n  N or th  Sea and a l o n g  

t h e  E n g l i s h  Channel  c o a s t .  I t  i s  p r o b a b l e  t h a t  i t  i s  u s u a l l y  

c o n f u s e d  w i t h  o t h e r  s p e c i e s  such  as  P r o t o p e r i d i n i u m  m i t e  and 

P r o t o p e r i d i n i u m  b r e v i p e s .

P r o t o p e r i d i n i u m  l e o n i s  ( P a v i l l a r d )  B a le c h

P I .  8 . 9 ,  f i g s . 4 - 6 ;  P I .  8 . 1 0 ,  f i g s . 1-2

S i z e : -  t h e c a e  60pm long  60jim wide 

c y s t s  65^jm long  65|im wide

C y s t s

The c y s t s  w e r e  p e n t a g o n a l ,  s m o o t h - w a l l e d  and  b rown.  They 

o f t e n  h a d  a r a i s e d  p a r a c i n g u l u m  and an  e x c a v a t e d  p a r a s u l c u s  

c o n t a i n i n g  r e f l e c t e d  f l a g e l l a r  p o r e s  ( P I .  8 . 9 ,  f i g . 6 ) .  A ppa ren t  

p o r e s  i n  t h e  c y s t  w a l l ,  e s p e c i a l l y  a ro u n d  t h e  p a r a c i n g u l u m ,  have  

been  o b s e r v e d  o c c a s i o n a l l y  u s i n g  t h e  S.E.M. ( P I .  8 . 9 ,  f i g . 5 ) .  I t  

i s  n o t  c l e a r  w h e t h e r  t h e s e  w e r e  a r t i f a c t s  o f  t h e  p r e p a r a t i o n  

t e c h n i q u e  o r  i f  t h e y  a r e  f u n c t i o n a l  i n  any  way.  T hese  c y s t s  have  

been  a s c r i b e d  t o  v a r i o u s  c y s t  g e n e r a  b u t  H a r l a n d  (1982)  c o n s i d e r s  

th e y  s h o u l d  r e s i d e  i n  Q u i n q u e c u s p i s . The a r c h e o p y l e  o f  t h i s  c y s t  

h a s  p r e v i o u s l y  b e e n  c o n s i d e r e d  t o  r e p r e s e n t  t h e  l o s s  o f  t h e  2a 

p a r a p l a t e .  E v i t t  (19 6 7 )  c o n s i d e r e d  i t  t o  b e  a f i n e  example o f  an 

e n l a r g e d  2a a r c h e o p y l e .  Seme d o u b t  was e x p r e s s e d  by H a r la n d  

(1977 )  who p o s t u l a t e d  t h e  i n v o lv e m e n t  o f  t h e  t h i r d  a p i c a l  

p a r a p l a t e .  P i .  8 . 9 ,  f i g s . 4 - 5  c l e a r l y  show t h e  a r c h e o p y l e  i s  n o t
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PLATE 8 .1 0  

A l l  f i g u r e s  a r e  S .E .M ,s

F i g .  1 : Dorsa l  v iew o f  t h e c a t e  c e l l  o f  P r o t o p e r i d i n i u m  l e o n i s  

h a t c h e d  from c y s t  shown i n  P I .  8 . 9 ,  f i g . 4 ,  59 jrni 

a c r o s s .  Loch M e l f o r t .

F i g .  2 ; D e t a i l  o f  s u r f a c e  p a t t e r n i n g  o f  e x c y s t e d  P r o t o p e r i d i n i u m  

l e o n i s  t h e c a ,  x 9 , 0 0 0 .

F i g .  3 : C a p i t a t e  s p i n e  o f  P r o t o p e r i d i n i u m  pentagonum c y s t

(T r i n o v a n t e d i n i u m  c a p i t a t u m ) as  shown i n  F i g .  4 ,  x 

2 7 ,0 0 0 .

F i g .  4 : V e n t r a l  v iew o f  P r o t o p e r i d i n i u m  pentagonum c y s t

(T r i n o v a n t e d i n i u m  c a p i t a t u m ) ,  59 jpm a c r o s s  ( e x c l u d i n g  

s p i n e s ) .  Loch M e l f o r t .

F i g .  5 : A p i c a l  v iew o f  P r o t o p e r i d i n i u m  pentagonum c y s t

(T r i n o v a n t e d i n i u m  c a p i t a t u m ) , 52 jsm a c r o s s  ( e x c l u d i n g

s p i n e s ) .  Loch S p e l v e .

F i g .  6 : D e t a i l  o f  a r c h e o p y l e  and a s s o c i a t e d  t h e c a l  p l a t e s  o f

P r o t o p e r i d i n i u m  pentagonum c y s t  /  t h e c a  shown i n  F i g .  

7 ,  X 2 , 5 5 0 ,  Loch C re ra n  w a t e r  s a m p le .

F i g .  7 : D o r s a l  view o f  t h e c a  o f  P r o t o p e r i d i n i u m  pentagonum

e n c l o s i n g  a c y s t ,  65 a c r o s s ,  p i c k e d  from a p l a n k t o n  

sample t a k e n  i n  Loch C re ra n  i n  e a r l y  J u l y .
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s i m p l e  i n  shape  and seems to  r e p r e s e n t  t h e  l o s s  o f  more t han  one 

p a r a p l a t e .  I t s  p r o x i m i t y  t o  t h e  p a r a c i n g u l u m ,  and c o m p a r i s o n  w i t h  

t h e  t h e c a t e  s t a g e  ( P I .  8 . 1 0 ,  f i g . l ) ,  s u g g e s t s  t h e  a d d i t i o n a l  l o s s  

of  t h e  f o u r t h  p r e c i n g u l a r  ( 4 " )  p a r a p l a t e  ( f o r  f u r t h e r  d i s c u s s i o n  

s e e  u n d e r  P .p e n t a g o n u m ) .

Thecae

The t h e c a  was c o v e re d  w i t h  a c h a r a c t e r i s t i c  p a t t e r n  o f  

r i d g e s  and s p i n e s  e n c l o s i n g  a  " n e t t e d "  p a t t e r n  and  p o r e s  ( P l .  

8 . 1 0 ,  f i g . 2 ) .  T h i s  i s  a l s o  se en  i n  P.  l e o n i s  t h e c a e  from t h e  

p l a n k t o n  (Dodge and S a u n d e r s ,  u n p u b l . ) .  The h y p o t h e c s  e x t e n d e d  t o  

two h o l lo w  h o r n s  w i t h  a  s o l i d  s p i n e  on e a c h .  As n o t e d  by s e v e r a l  

a u t h o r s  (Wall  and D a l e ,  1968a and H a r l a n d ,  1982)  t h e r e  i s  much 

v a r i a t i o n  i n  t h i s  c y s t  t y p e  and a s p e c i e s  complex may e x i s t .  

However ,  o n ly  one t h e c a  has  been  g e r m i n a t e d  and p o s i t i v e l y  

i d e n t i f i e d  so  f a r .

P r o t o p e r i d i d i n i u m  pentagonum (G ran)  B a le c h  

P I .  8 . 1 0 ,  f i g s . 3 - 7 ;  P I .  8 . 1 1 ,  f i g s . 1-2

S i z e : -  t h e c a e  70|im lo n g  60pn wide 

c y s t s  65^m lo n g  60jm  wide

C y s t s

The c y s t s  w e re  c o l o u r l e s s ,  p e n t a g o n a l  and o rn a m e n te d  w i t h  

c a p i t a t e  s p i n e s  ( P I .  8 . 1 0 ,  f i g . 3 ) .  The s p i n e s  formed a 

p a r a c i n g u l u m  and d e l i n e a t e d  an  i n d e n t e d  p a r a s u l c u s  wh ich  

f r e q u e n t l y  c o n t a i n e d  r e f l e c t e d  f l a g e l l a r  p o r e s  ( P I .  8 . 1 0  f i g . 4 ) .  

I n  a p i c a l  v iew  t h e  c y s t s  o f t e n  r e f l e c t e d  t h e  u n u s u a l  'banana*  

shaped  p r o f i l e  o f  t h e  t h e c a t e  s t a g e  ( P I .  8 . 1 0 ,  f i g . 5 ) .  They a r e  

of  t h e  t y p e  T r i n o v a n t e d i n i u m  c a p i t a t u m  R e i d .  The a r c h e o p y l e  was 

h e x a g o n a l  and a l t h o u g h  i t  i s  u s u a l l y  d e s c r i b e d  a s  i n t e r c a l a r y .
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PLATE 8 .11  

A l l  f i g u r e s  a r e  S .E .M .s

F i g .  1 : A n t a p i c a l  /  v e n t r a l  v iew o f  e x c y s t e d  t h e c a t e  c e l l  of

P r o t o p e r i d i n i u m  pen tagonum , 58 jim a c r o s s ,  (same c e l l  as  

shown i n  F i g .  2 ) .

F i g .  2 : A n t a p i c a l  v iew o f  e x c y s t e d  t h e c a t e  c e l l  of

P r o t o p e r i d i n i u m  pen tagonum , 58 j m  a c r o s s ,  (same c e l l  a s  

shown i n  F i g .  1 ) .

F i g .  3 : A p i c a l  v iew o f  e x c y s t e d  t h e c a t e  c e l l  o f  P r o t o p e r i d i n i u m

s u b i n e r m e , 55 jjim a c r o s s .  Loch M e l f o r t ,  (same c e l l  as

shown i n  F i g s .  4 & 6 ) .

F i g .  4 : D e t a i l  o f  r i g h t  h y p o t h e c a l  lobe  o f  c e l l  shown i n  F i g .  3 ,  

X 5 , 3 4 7 .

F i g .  5 ; V e n t r a l  v iew o f  P r o t o p e r i d i n i u m  p u n c t u l a t u m , 61 yum

a c r o s s ,  K e r b ih a n  b e a c h ,  c o u r t e s y  of  R. S a u n d e r s .

F i g .  6 : A p i c a l  v iew o f  e x c y s t e d  t h e c a t e  c e l l  o f  P r o t o p e r i d i n i u m

s u b i n e r m e , 55 yim a c r o s s .  Loch M e l f o r t ,  (same c e l l  as

shown i n  F i g s .  3 & 4 ) .
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S . E . M . ' s  of  a spec im en  p i c k e d  from t h e  p l a n k t o n  w i t h  i t s  t h e c a  

a t t a c h e d  showed c l e a r l y  t h a t  t h e  a r c h e o p y l e  r e p r e s e n t s  t h e  l o s s  

of  t h e  2a and t h e  4 "  p a r a p l a t e s  ( P I .  8 . 1 0 ,  f i g s . 6 - 7 ) .  The c y s t  

was somewhat  v a r i a b l e  in  fo rm .

Thecae

Many t h e c a e  w e r e  h a t c h e d .  Some r e s e m b le d  P .pen tagonum  b u t  as 

Abe (1981)  p o i n t s  o u t  t h i s  i s  a  l i t t l e - s t u d i e d  s p e c i e s  and can 

e a s i l y  be c o n f u s e d  w i t h  P e r i d i n i u m  b i d e n t a t u m  Abé ,  P .e xpa nsum ,  

Abe and P . s i n u o s u m  (Lemmerman) J o r g e n s e n .  The re  w e re  s l i g h t  

v a r i a t i o n s  i n  t h i s  c y s t  t y p e  so i t  i s  f e l t  t h a t  more t h a n  one 

s p e c i e s  may have  b e e n  i n v o l v e d ,  as i m p l i e d  by Wall  and Dale  

( 1 9 6 8 ) .  P .  pentagonum i s  c h a r a c t e r i s e d  by a f l a t t e n e d  a n t a p e x ,  

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

b e tw een  a p e x  and g i r d l e .  The c e l l  i s  u s u a l l y  b r o a d e r  th a n  t a l l  

w i t h  two s o l i d  a n t a p i c a l  s p i n e s .  I t  has  a d i s t i n c t  concave  

v e n t r a l  r e g i o n  ( P I .  8 . 1 1 ,  f i g s . 1 - 2 ) .  Some of  t h e  t h e c a e  

g e r m i n a t e d  i n  t h i s  s t u d y  d i d  n o t ,  and t h e  c e l l  i n  P I .  8 . 1 0 ,  f i g . 7 

does n o t ,  a p p e a r  to  be  P .p e n t a g o n u m . More c r i t i c a l  work i s

r e q u i r e d  t o  e l u c i d a t e  t h i s  s i t u a t i o n .

P r o t o p e r i d i n i u m  s u b in e r m e  ( P a u l s e n )  L o e b l i c h  I I I

F i g .  8 . 5 ,  d - e ;  P I .  8 . 1 1 ,  f i g s . 3 -6

S i z e : -  t h e c a  55yjm a c r o s s  

c y s t  5 0 ^  a c r o s s

C y s t s

The c y s t s  w e r e  smoo th ,  s p h e r i c a l  and d a r k  b rown.  They had a 

f a i r l y  l a r g e  h e x a g o n a l  ope rc u lu m  vdiich rem a ine d  a t t a c h e d  t o  t h e  

long  s i d e  o f  t h e  a r c h e o p y l e  ( F i g .  8 . 5 ,  e )  and a p p e a r e d  t o  be  m o s t  

c l o s e l y  r e l a t e d  t o  t h e  2a p a r a p l a t e  ( F i g .  8 . 5 ,  d ) .  They were



-257-

q u i t e  u n l i k e  t h e  c y s t  a l r e a d y  d e s c r i b e d  f o r  P . s u b i n e r m e  by Wall 

and D a le  (1 9 6 8 a )  ( S e lenopem phix  n e p h r o i d e s  Benedek)  which  h a s  n o t  

been  found  i n  S c o t t i s h  s e a - l o c h  s e d i m e n t s  i n  t h i s  s t u d y .  I t  was 

n o t  m e n t i o n e d  by Reid i n  h i s  s u r v e y  o f  U.K. s e d i m e n t s  and d i d  n o t  

a p p e a r  t o  o c c u r  a ro u n d  t h e  B r i t i s h  I s l e s  i n  H a r l a n d ' s  s u r v e y  of  

N or th  A t l a n t i c  d i n o f l a g e l l a t e s  ( H a r l a n d ,  1983)  a l t h o u g h  

P . s u b i n e r m e  i s  r e l a t i v e l y  common a r o u n d  t h e  B r i t i s h  I s l e s  (Dodge,  

1 9 8 1 ) .  U n f o r t u n a t e l y  no  c o m p a r a t i v e  work  h a s  been  p o s s i b l e .  

P e r h a p s  t h e r e  i s  more  t h a n  one v a r i e t y  of  P . s u b i n e r m e  or  a 

s p e c i e s  complex w i t h  more t h a n  one c y s t  t y p e  i n v o l v e d .

Thecae

One t h e c a  was g e r m i n a t e d  and  was i n i t i a l l y  t h o u g h t ,  a f t e r  

l i g h t  m i c r o s c o p y ,  t o  be  P r o t o p e r i d i n i u m  p u n c t u l a t u m . E x a m in a t i o n  

by S .E .M . ,  ho w e v e r ,  showed t h e  t h e c a  to  be  P . s u b i n e r m e . The two 

s p e c i e s  a r e  v e r y  s i m i l a r ,  b u t  P . s u b i n e r m e  has  a  d i s t i n c t l y  s p i n y  

s u r f a c e  and t h e r e  a r e  s p i n e s  a t  t h e  b a s e  o f  t h e  s u l c u s  ( P I .  8 . 1 1 ,  

f i g s . 3 - 4 )  u n l i k e  P . p u n c t u l a t u m  which  has  s m a l l  r ounded  

p r o t r u s i o n s  a l l  o v e r  t h e  s u r f a c e  o f  t h e  t h e c a  (Dodge and 

S a u n d e r s ,  u n p u b l . ,  P I .  11 ,  f i g . 5 ) .  The p l a t e  p a t t e r n s  i n  

P . s u b i n e r m e  a r e  q u i t e  v a r i a b l e ,  and i n  t h i s  c a s e  t h e  2a  p l a t e  was 

" h e x a "  ( P I .  8 . 1 1 ,  f i g . 6 ) .

F a m i ly  : G o n y a u l a c a c a e  Lindemann 

Genus : Gonyau lax  D e i s i n g

G onyau lax  p o l y e d r a  S t e i n

P I .  8 . 1 2 ,  f i g s . 1-5

S i z e : -  t h e c a  ~47jjm lo n g  44pm a c r o s s

c y s t  ~46yjm a c r o s s  s p i n e s  l-12yim lo n g  ( o c c a s i o n a l l y  m ore )
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PLATE 8 .1 2

A l l  f i g u r e s  a r e  S .E .M .s

F i g .  1 : L in g u lo d in iu m  machaerophorum ( c y s t  o f  Gonyaulax

p o l y e d r a ) ,  37 jm  a c r o s s  ( e x c l u d i n g  s p i n e s ) ,  Loch

C r e r a n .

F i g .  2 : D e t a i l  of  s p i n e  o f  L i n g u l o d i n i u m  machaerophorum  ( c y s t  o f  

Gonyaulax p o l y e d r a ) , showing s p i n e  s t r u c t u r e  and s u r f a c e  

d e t a i l ,  x 4 , 3 5 0 ,  Loch C r e r a n .

F i g .  3 : L i n g u lo d i n iu m  machaerophorum ( c y s t  o f  Gonyau lax

p o l y e d r a ) , showing a r c h e o p y l e ,  a p p r o x i m a t e l y  41 ^m

a c r o s s  ( e x c l u d i n g  s p i n e s ) .  Loch C re ra n  s e d i m e n t .

F i g .  4 : V e n t r a l  v iew o f  e x c y s t e d  t h e c a t e  c e l l  o f  Gonyaulax

p o l y e d r a , 47 yim l o n g .  Loch C r e r a n .

F i g .  5 : A n t a p i c a l  v iew o f  e x c y s t e d  t h e c a t e  c e l l  o f  Gonyaulax

p o l y e d r a , showing ' r o u n d i n g - o f f  o f  t h e  c e l l ,

a p p r o x i m a t e l y  53 pm a c r o s s .  Loch C r e r a n .

F i g .  6 : V e n t r a l  v iew o f  t h e c a t e  c e l l  o f  Gonyaulax  p o l y e d r a  from 

t h e  p l a n k t o n ,  50 pm l o n g .  Loch C r e r a n .
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C y s t s

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

t h e y  c o n t a i n  a p ro m in e n t  r e d  body .  They were s p h e r i c a l  w i t h  a 

m i c r o g r a n u l a r  s u r f a c e  b e a r i n g  numerous s p i n e s  ( P I .  8 . 1 2 ,  f i g s . l -  

2 ) ,  which  were v a r i a b l e  i n  l e n g t h  ( s e e  C h a p t e r  5 ) .  The 

a r c h e o p y l e  of  t h i s  c y s t  was a l s o  v e r y  v a r i a b l e  and was d i f f i c u l t  

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

r em a in e d  a t t a c h e d .  I t  i s  d e s c r i b e d  a s  r e l a t i n g  t o  t h e  l o s s  of 

be tw een  one and f i v e  p a r a p l a t e s  (Wall and D a l e ,  1968a )  ( P I .  8 . 1 2 ,  

f i g . 3 ) .  I n  t h e s e  i n c u b a t i o n  e x p e r i m e n t s  b e tw e en  one and t h r e e  

p a r a p l a t e s  a p p e a r e d  t o  be  l o s t .  The p a l y n o l o g i c a l  name f o r  t h i s  

c y s t  i s  L i n g u l o d i n i u m  machaerophorum ( D e f l a n d r e  & Cookson)  W a l l .  

S e v e r a l  o t h e r  s i m i l a r  s p e c i e s  have  b e e n  d e s c r i b e d  ( f o r  example 

M o r z a d e c - K e r f o u r n , 1966)  b u t  t h e s e  a r e  p r o b a b l y  a l l  one s p e c i e s

( R e i d ,  1 9 7 4 ) .

Thecae

Numerous t h e c a e  w ere  h a t c h e d .  They g i v e  r i s e  to  a n g u l a r  

c e l l s  w i t h  d i s t i n c t  r i d g e s  a l o n g  t h e  p l a t e  s u t u r e s .  The g i r d l e  

was s l i g h t l y  d i s p l a c e d  ( 1 -2  g i r d l e  w i d t h s )  ( P I .  8 . 1 2 ,  f i g . 4 ) .  

The h a t c h e d  c e l l s  c o n t a i n e d  t h e  r e d  body p r e s e n t  i n  t h e  c y s t .  

When l e f t  a f t e r  h a t c h i n g  c e l l s  t e n d e d  t o  g r a d u a l l y  round  o f f  ( P I .  

8 . 1 2  f i g . 5 )  and a f t e r  5 days t hey  would o f t e n  shed  t h e i r  t h e c a e  

and fo rm  s p h e r i c a l  t e m p o r a r y  r e s t i n g  s t a g e s .  O c c a s i o n a l l y  t h e  

h a t c h e d  c e l l s  w o u ld  d i v i d e  in  t h e  i n c u b a t i o n  chamber .  C e l l s  w e re  

h a t c h e d  from c y s t s  w i t h  many d i f f e r e n t  s p i n e  l e n g t h s  b u t  the  

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

m i c r o s c o p e .  T h e re  has  been  some work  t o  s u g g e s t  t h a t  s p i n e  l e n g t h  

may be r e l a t e d  t o  s a l i n i t y  o r  some o t h e r  e n v i r o n m e n t a l  v a r i a b l e  

( W a l l ,  1 9 6 7 ) .  F u r t h e r  work  i n v o l v i n g  t h e  e s t a b l i s h m e n t  o f  c l o n a l  

c u l t u r e s  f rom t h e  h a t c h i n g  o f  c e r t a i n  c y s t s  c o u ld  be c a r r i e d  o u t  

to  s e e  w h e t h e r  t h e r e  w ere  v a r i e t i e s  of  t h i s  s p e c i e s  a d a p t e d  t o  

d i f f e r e n t  e n v i r o n m e n t a l  c o n d i t i o n s .
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DISCUSSION

The s c a n n i n g  m i c r o g r a p h s  of  e x c y s t e d  t h e c a t e  m o t i l e  s t a g e s  

show them t o  be i d e n t i c a l  w i t h  t h e i r  c o u n t e r p a r t s  i n  t h e  p l a n k t o n

( f o r  example Gonyaulax p o l y e d r a  P I .  8 . 1 2 ,  f i g s . 4 - 5 ) .  The S.E.M.

has  p roved  a n  i n v a l u a b l e  t o o l  i n  t h i s  work  a l l o w i n g  d e t a i l e d

e x a m i n a t i o n  o f  t h e  few s p e c im e n s  u s u a l l y  a v a i l a b l e  of  each

s p e c i e s .  The p i c t u r e s  t h u s  o b t a i n e d  show p l a t e  p a t t e r n s  c l e a r l y .

When t h e r e  i s  l i t t l e  o r  no p a r a t a b u l a t i o n  on t h e  c y s t s  i t  i s  

on ly  p o s s i b l e  to  s p e c u l a t e  on t h e  r e l a t i o n s h i p  of  t h e  a r c h e o p y l e  

to  s p e c i f i c  p a r a p l a t e s .  C lue s  p r o v i d e d  by t h e  e x a m i n a t i o n  o f  t h e  

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

p r e s e n t  s u g g e s t  t h a t  wha t  has  been  r e g a r d e d  a s  a s i m p l e  

a r c h e o p y l e  may i n v o l v e  t h e  l o s s  o f  two p a r a p l a t e s .  S . E . M . ' s  of  

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

p a r a p l a t e  i s  i n v o l v e d  ( P I .  8 . 9 ,  f i g s . 4 - 5 ) .  I t  i s  f e l t  t h a t  in  

b o t h  c a s e s  t h e  2a and t h e  4 "  p a r a p l a t e s  a r e  r e s p o n s i b l e .

Round brown c y s t s  have  lo n g  been  a  t axonom ic  p ro b le m .  Ten

P r o t o p e r i d i n i u m  s p e c i e s  ha v e  now been  d e s c r i b e d  a s  h a v i n g  such 

c y s t s .  B e f o re  i n c u b a t i o n  o r  c h e m ic a l  t r e a t m e n t  t h e s e  c y s t s  a r e  

i n d i s t i n g u i s h a b l e  and c o u l d  a l s o  be  c o n f u s e d  w i t h  D i p l o p s a l i s  

c y s t s .  A f t e r  g e r m i n a t i o n  t h e r e  i s  s t i l l  c o n f u s i o n  a s  many o f  t h e  

t h e c a t e  s t a g e s  ha v e  s i m i l a r  i n t e r c a l a r y  p l a t e s  and h e n c e  s i m i l a r  

a r c h e o p y l e s  -  f o r  example t h e  a r c h a e p e r i d i n i u i n s  P . a v e l l a n a ,  

P . d e n t i c u l a t u m  and P . t h o r i a n u m . D u r in g  t h e  p r e s e n t  s tu d y  

o b s e r v a t i o n s  o f  empty r e c e n t  brown s p h e r i c a l  c y s t s  f rom t h e

s e d im e n t s  show t h a t  damage can c a u s e  them t o  have more  t han  one

o p e n in g  i n  t h e  c y s t  w a l l .  Spec im ens  a r e  a l s o  i n d i s t i n g u i s h a b l e  i f  

t h e y  a r e  c r u s h e d  o r  n o t  i n  a f a v o u r a b l e  o r i e n t a t i o n .  I t  i s  

p o s s i b l e  t h a t  t h e y  may be d i s t i n g u i s h e d  by s i z e  b u t  f u r t h e r  

c r i t i c a l  r e s e a r c h  i s  needed  t o  c o n f i r m  t h i s .  They m ay , h o w e v e r .
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need  t o  be  s e p a r a t e d  o n l y  i f  t h e  s p e c i e s  c o n c e r n e d  a r e  

e c o l o g i c a l l y  d i f f e r e n t .  Most of  t h e  s p e c i e s  g e r m i n a t e d  i n  t h i s  

s t u d y  have  b e e n  o b t a i n e d  from one s e a - l o c h  so t h e y  a l l  s u r v i v e d  

in  a p p r o x i m a t e l y  t h e  same e n v i r o n m e n t a l  c o n d i t i o n s .

The taxonom ic  p rob lem s  a r e  n o t  on ly  c o n f i n e d  t o  

d i n o f l a g e l l a t e  c y s t s .  I d e n t i f i c a t i o n  o f  m o t i l e  t h e c a t e  s t a g e s  

can a l s o  c a u s e  many p r o b l e m s .  F r e q u e n t l y  t h i s  i s  b e c a u s e  o f  t h e  

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

o b s e r v a t i o n s .  For  many s p e c i e s  t h e  p l a t e  p a t t e r n s  have  b e e n  

i n a d e q u a t e l y  d e s c r i b e d .  I n  a d d i t i o n  t h e r e  i s  e v i d e n c e  o f  p l a t e  

v a r i a t i o n s  w i t h i n  s p e c i e s .  T h i s  i s  p a r t i c u l a r l y  n o t i c a b l e  i n  t h e  

2a p l a t e .  Where t h e c a e  a r e  s i m i l a r  a p a r t  f rom t h e s e  m in o r  

v a r i a t i o n s ,  and d e r i v e  from t h é  same d i s t i n c t i v e  c y s t  t y p e  t hey  

s h o u l d  c l e a r l y  a s c r i b e  t o  t h e  same s p e c i e s .

D i f f e r e n c e s  i n  c y s t  t y p e s  may a l s o  h e l p  t o  r e s o l v e  some of  

t h e  p rob lem s  a s s o c i a t e d  w i t h  ' s p e c i e s  c o m p l e x e s ' ,  such as  t h o s e  

of  P r o t o p e r i d i n i u m  pentagonum and P r o t o p e r i d i n i u m  oblongum. Here 

t h e  m ore  e a s i l y  d i s t i n g u i s h e d  c y s t s  may improve  t h e  u n d e r s t a n d i n g  

of  t h e  t h e c a t e  taxonomy.  T h i s  h a s  a l r e a d y  p r o v e d  t o  b e  t h e  c a s e  

f o r  t h e  s m a l l  o r t h o p e r i d i n i o i d  d i n o f l a g e l l a t e s . Here  s m a l l

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

d i f f e r e n c e s  i n  c y s t  t y p e s  ( D a l e ,  1977b & 1 9 7 8 ) .  T h i s  may a l s o  

p rove  t o  be  t h e  c a s e  w i t h  t h e  Gonyaulax  s p i n i f e r a  g roup  of  

s p e c i e s .  F i v e  v e r y  d i f f e r e n t  c y s t  t y p e s  (9 c y s t  s p e c i e s )  a l l

p roduce  t h e c a t e  s t a g e s  a t t r i b u t a b l e  to  t h i s  g ro u p  ( D a l e ,  1 9 8 3 ) .

D e t a i l e d  S.E.M. s tu d y  o f  t h e  g o n y a u l a c o i d s  (Dodge and S a u n d e r s ,

u n p u b l . )  shows t h a t  t h e r e  may be s e v e r a l  s p e c i e s  i n v o l v e d  i n  t h e

G. s p i n i f e r a  g roup  and work  i n c l u d i n g  c y s t  i n c u b a t i o n  s t u d i e s  

c o u l d  show t h e r e  i s  a  c a s e  f o r  ' s p e c i e s  s p l i t t i n g ' .  A taxonomy 

t h a t  combines t h e  r e s u l t s  of  c y s t  and t h e c a t e  s t u d i e s  and  t h u s  

encompasses  t h e  w h o le  o f  t h e  d i n o f l a g e l l a t e  l i f e - c y c l e  i s  l i k e l y  

to  be  m ore  ' n a t u r a l '  and h e n c e  more  r e l e v a n t  to  e c o l o g y .  I t  m us t  

be rem embered ,  h o w e v e r ,  t h a t  t o  t h e  p h y t o p l a n k t o n  e c o l o g i s t ,  t o
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whom o n l y  t h e  t h e c a t e  s t a g e  i s  a v a i l a b l e  in  w a t e r  s a m p l e s ,  the  

' s p e c i e s  com plex '  i s  a u s e f u l  c o n c e p t .  P e r h a p s  t a x o n o m i s t s  who 

need  t o  c l a s s i f y  o r g a n i s m s  to  s p e c i e s  l e v e l  f o r  t h e  p u r p o s e s  of 

phy logeny  s h o u l d  b e a r  t h i s  i n  mind and a t  t h e  same t im e  n o t e  

g roups  of  c l o s e l y  r e l a t e d  s p e c i e s  a s  ' s p e c i e s  c o m p l e x e s ' .  Many 

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

and f u r t h e r  s p l i t t i n g  j u s t  l e a d s  to  more e r r o r s  i n  i d e n t i f i c a t i o n  

or  even  an  u n w i l l i n g n e s s  t o  t r y .  Terms such as  "Gonyaulax 

s p i n i f e r a  g r o u p "  o r  " P r o t o p e r i d i n i u m  oblongum g r o u p "  may g i v e  

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

c o n s i d e r a b l e  improvement  on Gonyaulax s p . ,  P r o t o p e r i d i n i u m  s p ,  or  

even d i n o f l a g e l l a t e  s p .  As more e v i d e n c e  comes to  l i g h t  a bou t  

t h e  s e x u a l  c y c l e s  of  d i n o f l a g e l l a t e s  t h e s e  ' s p e c i e s  c o m p l e x e s '  

may t u r n  o u t  t o  have a  n a t u r a l  s o u r c e .

N o m e n c la tu r e  w i t h i n  t h e  D inophyceae  as  a  whole  r e m a in s  a 

d i f f i c u l t y .  The d u a l  c l a s s i f i c a t i o n  sys te m  i s  p a r t i c u l a r l y  

cumbersome and somet im es  l e a d s  to  c o n f u s i o n .  As t h e  taxonomy of  

t h e  g roup  i s  r e f i n e d  w i t h  l i f e - c y c l e  o b s e r v a t i o n s  so a s i n g l e  

s y s te m  o f  n o m e n c l a t u r e  s h o u l d  e v o l v e .  H a r l a n d  (1982)  f o r  example 

showed t h a t  c y s t  and t h e c a t e  n o m e n c l a t u r e  w i t h i n  t h e  genus 

P r o t o p e r i d i n i u m  i s  c o m p a t i b l e .  The c y s t - t h e c a  r e l a t i o n s  d e s c r i b e d  

in  t h i s  s t u d y  f i t  i n t o  h i s  s c h e m e : -  e . g .  P r o t o p e r i d i n i u m  

(A r c h a e p e r i d i n i u m  s e c t i o n  F u c u s p h a e r i d i n i u m ) t h o r i a n u m  and 

P r o t o p e r i d i n i u m  ( P r o t o p e r i d i n i u m  S e c t .  A sym metroped in ium ) 

h a n g o e i . However ,  t h e r e  i s  p o s s i b l e  c o n f u s i o n  o v e r  P . s u b i n e r m e . 

As i t  i s  d e s c r i b e d  i n  t h i s  p a p e r  i t  f i t s  b e s t  w i t h  s u b -g e n u s  

P r o t o p e r i d i n i u m  s e c t .  B r i g a n t e d i n i u m , a l o n g  w i t h  P . c o n i c o i d e s . I t  

w i l l  be n o t e d  t h a t  t h e i r  t h e c a l  m o r p h o l o g i e s  a r e  v e r y  s i m i l a r .  

However ,  t h e  c y s t  d e s c r i b e d  f o r  P . s u b i n e r m e  by Wall  and Dale  

(1968a)  h a s  b e e n  a s s i g n e d  t o  s u b -g e n u s  P r o t o p e r i d i n i u m  s e c t .  

S e l e n o p e m p h ix . H a r l a n d  r e f e r r e d  t o  X a nda rod in ium  xanthum in  t h e  

1982 p a p e r  b u t  b e c a u s e  o f  i n s u f f i c i e n t  e v i d e n c e  was u n a b l e  to  

p l a c e  i t  i n  h i s  scheme.  Now w i t h  t h e  w ork  o f  Matsuoka  ^  a l . 

(1982)  and t h e  p r e s e n t  o b s e r v a t i o n s  i t  seems p o s s i b l e  t h a t
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X.xanthum s h o u l d  be p l a c e d  i n  t h e  Se lenopem phix  s e c t i o n  o f  

H a r l a n d ' s  scheme o r  more l i k e l y  i n  a new s e c t i o n  o f  i t s  own. 

P r o t o p e r i d i n i u m  t h u l e s e n s e  w i t h  i t s  s l i t  a r c h e o p y l e  and q u a d r a  2a  

p l a t e  wou ld  need a new s e c t i o n  i n  o r d e r  to  f i t  i n t o  t h i s  s chem e .

Dale  (1983)  n o t e s  t h a t  in  t e m p e r a t e  e n v i r o n m e n t s  many 

d i n o f l a g e l l a t e s  spend more t im e  as  b e n t h i c  r e s t i n g  c y s t s  t han  

as  m o t i l e  p l a n k t o n .  Not  a l l  m a r i n e  d i n o f l a g e l l a t e s  a p p e a r  to  

p r o d u c e  r e s t i n g  c y s t s .  The a b i l i t y  seems to  be  c o n c e n t r a t e d  i n  

t h e  P e r i d i n i a l e s  and G o n y a u l a c a l e s .  C e r t a i n  naked  s p e c i e s  a l s o  

have  r e s t i n g  c y s t s  (Gymnodinium, Wall  and D a l e ,  1968a;  

P o l y k r i k o s , D a l e ,  1976; M orey-Gaines  & Ruse ,  1980;  G y r o d i n iu m , 

D a l e ,  1 9 8 3 ) .  Work by von S to s c h  (1972)  compar ing  t h e  s e x u a l  

c y c l e s  of  C e r a t i u m  co rnu tum  ( f r e s h w a t e r )  and C. h o r r i d u m  ( m a r in e )  

showed t h a t  t h e  f r e s h w a t e r  s p e c i e s  formed a r e s t i n g  c y s t  w h i l s t  

t h e  m a r i n e  s p e c i e s  formed o n l y  a t em p o ra ry  c y s t .  D e s p i t e  

s e a r c h e s  f o r  them no c y s t s  have  b e e n  found  f o r  the  

P r o r o c e n t r a l e s , D i n o p h y s a l e s  o r  t h e  m a r i n e  c e r a t i a .  A lthough  

S t e i d i n g e r  (1983)  b e l i e v e s  t h a t  c e r t a i n  t o x i c  b e n t h i c  

P r o r o c e n t r u m  s p e c i e s  may ha v e  such  c y s t s .  So what  i s  t h e  

f u n c t i o n  o f  c y s t s  i n  t h e  d i n o f l a g e l l a t e  l i f e  c y c l e ?  What 

' s u r v i v a l  s t r a t e g y '  do t h e y  r e p r e s e n t ?

Dale  (1983)  s u g g e s t s  f o u r  p o s s i b l e  f u n c t i o n s :  t h e i r  r o l e  i n

th e  s e x u a l  c y c l e ;  p r o t e c t i o n  d u r i n g  t h e  p a r t s  of  t h e  y e a r  

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

i n  e x t e n d i n g  c l i m a t i c  r a n g e s  w h ich  t h e y  c a n  t o l e r a t e  and 

d i s p e r s i o n  o r  t r a n s p o r t  a l l o w i n g  i n v a s i o n  o f  new a r e a s .  To t h i s  

l i s t  s h o u l d  be added  m a i n t e n a n c e  o f  p o p u l a t i o n s  i n  a r e a s  where  

t h e y  have  i n v a d e d .  I n  t h e  s e a - l o c h s , f o r  e x a m p le ,  t h e c a t e  s t a g e s  

would  be washed  o u t  each  y e a r  and would  h a v e  to  r e l y  on 

h y d r o g r a p h i c  good f o r t u n e  to  r e - e s t a b l i s h  t h e m s e l v e s  each  y e a r  i n  

a p a r t i c u l a r  l o c h .  Rap id  s i n k i n g  o f  c y s t s  c o u ld  c a u s e  them t o  be  

r e t a i n e d  w i t h i n  a l o c h  g i v i n g  them an o p p o r t u n i t y  t o  r e - c o l o n i s e
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t h e  l o c h  a n n u a l l y  i f  c o n d i t i o n s  a r e  s u i t a b l e .  I t  wou ld seem as  

d i s c u s s e d  i n  C h a p t e r  4 t h a t  b o t h  s t a t e g i e s  a r e  employed by th e  

d i n o f l a g e l l a t e s .  The fo rm er  by such  s p e c i e s  a s  C e r a t i u m  f u r c a  and 

t h e  l a t t e r  by  such  s p e c i e s  a s  Gonyaulax p o l y e d r a .

As p o i n t e d  o u t  by Dale  (1983)  t h e  s u r v i v a l  s t r a t e g y  s h o u l d  

be c o n s i d e r e d  a s  a ' l i f e  s t r a t e g y '  com bin in g  b o t h  t h e c a t e  and 

r e s t i n g  s t a g e s .  I t  seems l i k e l y  t h a t  t h e r e  i s  more  t h a n  one 

s t a t e g y  b e i n g  employed by t h e  c y s t -  fo rm in g  d i n o f l a g e l l a t e s . The 

d i f f e r e n c e  b e tw e en  t h e  r a r e  P r o t o p e r i d i n i u m  s p e c i e s  and t h e  bloom 

fo rm in g  Gonyaulax and S c r i p p s i e l l a  s p e c i e s  i s  q u i t e  m a r k e d .  The 

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

and c y s t  f o r m a t i o n  w h e r e a s  t h e  p h o t o s y n t h e t i c  g o n y a u l a c o i d s  have  

a t e n d e n c y  t o  d o m in a te  t h e  p h y t o p l a n k t o n  p o p u l a t i o n  and  p roduce  

l a r g e  numbers  o f  c y s t s .  P e r h a p s  t h e  P r o t o p e r i d i n i u m  s p e c i e s  w i t h  

t h e i r  few c y s t s  r e l y  on good v i a b i l i t y  w h e re as  t h e  g o n y a u l a c o i d s  

r e q u i r e  on ly  a s m a l l  p r o p o r t i o n  o f  a l a r g e  number of  c y s t s  

g e r m i n a t i n g  f o r  t h e i r  y e a r l y  m a i n t e n a n c e .  F u r t h e r  c l u e s  to  t h i s  

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

t y p e s  o f  c y s t s  and t h e i r  v i a b i l i t y .
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CHAPTER 9 

SUMMARY AND CONCLUSIONS

The e c o lo g y  and taxonomy of  d i n o f l a g e l l a t e s  was i n v e s t i g a t e d  

in  1982 and 1983 in  s e a - l o c h s  and c o a s t a l  w a t e r s  o f  n o r t h - w e s t e r n  

S c o t l a n d ,  in  o r d e r  to  p r o v i d e  a b e t t e r  u n d e r s t a n d i n g  o f  

c o n d i t i o n s  l e a d i n g  t o  blooms h a r m f u l  t o  m a r i c u l t u r e .  Because  

such blooms a r e  r a r e  t h e  e c o lo g y  of  a l l  common t h e c a t e  

d i n o f l a g e l l a t e s  was s t u d i e d ,  p a r t i c u l a r  a t t e n t i o n  b e i n g  p a id  t o  

t h e  c y s t  s t a g e  and i t s  r o l e  i n  bloom i n i t i a t i o n .  S am pl ing  was 

c a r r i e d  o u t  on b o t h  a s e a s o n a l  and d i s t r i b u t i o n a l  b a s i s .  As w e l l  

as  c o l l e c t i n g  w a t e r  s a m p l e s ,  t e m p e r a t u r e ,  s a l i n i t y  and 

c h l o r o p h y l l  c o n c e n t r a t i o n s  w e re  r o u t i n e l y  d e t e r m i n e d .  Sed im en t  

samples  w e r e  t a k e n  u s i n g  a C r a ib  c o r e r .  When r e q u i r e d  t h e  

taxonomy of  t h e  t h e c a t e  d i n o f l a g e l l a t e s  was i n v e s t i g a t e d  u s i n g  

t h e  s c a n n i n g  e l e c t r o n  m i c r o s c o p e .

R e g u l a r  s a m p l in g  f o r  m o t i l e  d i n o f l a g e l l a t e s  was c a r r i e d  o u t  

frcxn A p r i l  1982 to  O c to b e r  1983 i n  C r e r a n ,  a s m a l l  f j o r d i c  s e a -  

l o c h  on t h e  S c o t t i s h  w e s t  c o a s t  n e a r  Oban.  The f i r s t  peak  o f  

d i n o f l a g e l l a t e  numbers  o c c u r r e d  i n  May o r  June  as  sea  

t e m p e r a t u r e s  i n c r e a s e d .  At t h i s  t im e  S c r i p p s i e l l a  s p p .  were  t h e  

m os t  common d i n o f l a g e l l a t e s , accom panied  i n  1983 by Gonyaulax  

t a m a r e n s i s . D ur ing  J u l y  and Augus t  t h e r e  was a mixed p o p u l a t i o n  

of  d i n o f l a g e l l a t e s ,  i n c l u d i n g  S c r i p p s i e l l a  s p p . ,  H e t e r o c a p s a  

t r i q u e t r a , P r o t o p e r i d i n i u m  s p p .  and D i p l o p s a l i s  s p p .  Numbers o f  

S c r i p p s i e l l a  d e c l i n e d  s h a r p l y  a t  t h e  end o f  Augus t  p o s s i b l y  due 

to  i n c r e a s e d  f l u s h i n g  o f  t h e  s u r f a c e  l a y e r s  by t h e  au tumnal  

i n c r e a s e  i n  r i v e r  f l o w .  The d e c r e a s e  i n  mean s a l i n i t y  and 

i n c r e a s e  i n  s a l i n i t y  s t r a t i f i c a t i o n  p r e c e d e d  an  au tumn s u c c e s s i o n  

o f  Gonyaulax p o l y e d r a , P r o r o c e n t r u m  m ic a ns  and C e r a t iu m  s p e c i e s .

P o s s i b l y  b e c a u s e  i t  i s  i t s e l f  a s m a l l  f j o r d  (a  p a r t i a l l y  

mixed e s t u a r y  w i t h  a r e s t r i c t e d  e n t r a n c e )  t h e  s e a s o n a l  c y c l e  

o b s e r v e d  i n  Loch Cre ra n  was more  s i m i l a r  to  t h o s e  in  Norwegian
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f j o r d s  t h a n  t o  c y c l e s  i n  o t h e r  B r i t i s h  w a t e r s .  I t  was

h y p o t h e s i z e d  t h a t  t h e r e  w ere  t h r e e  m ain  p a t t e r n s  o f  s e a s o n a l

d i s t r i b u t i o n  i n  C r e r a n ,  each s temming from a d i f f e r e n t  l i f e

s t r a t e g y :

1 .  S p e c i e s  p r e s e n t  i n  t h e  l o c h  as  m o t i l e  c e l l s  a l l  y e a r

round a l t h o u g h  somet im es  on ly  i n  c o n c e n t r a t i o n s  o f  a few c e l l s

p e r  l i t r e  ( f o r  example D i n o p h y s i s  a c u m i n a t a  and P r o r o c e n t r u m  

m i c a n s ) .

2 .  S p e c i e s  p r e s e n t  in  t h e  l o c h  a l l  y e a r ,  found i n  t h e  w a t e r  

column d u r i n g  t h e  summer and o v e r w i n t e r i n g  a s  c y s t s  i n  t h e  

s e d im e n t  ( f o r  example S c r i p p s i e l l a  s p p .  and Gonyaulax p o l y e d r a ) .

3 .  S p e c i e s  wh ich  a r e  b r o u g h t  i n t o  t h e  l o c h  as  i t s  c o n t e n t s  

exchange  w i t h  t h e  F i r t h  o f  L o m e  ( f o r  example  P r o t o p e r i d i n i u m  

de p re s sum  and C e r a t iu m  f u r c a ) .

R e g u l a r  s a m p l in g  f o r  d i n o f l a g e l l a t e  c y s t s  i n  t h e  s e d im e n t  o f  

C r e r a n  was c a r r i e d  o u t  d u r i n g  1983.  Of t h e  many forms p r e s e n t  

L i n g u l o d i n i u m  machaerophorum  (Gonyau lax  p o l y e d r a ) formed an  

a v e r a g e  67% of  c y s t s  p a s s i n g  a 64ym b u t  r e t a i n e d  by a 3 8 ^  s i e v e ,  

and i t s  s e a s o n a l  c y c l e  was t h e r e f o r e  chosen  f o r  d e t a i l e d  

a n a l y s i s .  On a v e r a g e  a b o u t  50% of  i t s  c y s t s  w e r e  empty .  At  t h e  

end o f  June  a s l i g h t  i n c r e a s e  i n  t h e  p e r c e n t a g e  o f  empty c y s t s  i n  

t h e  s e d im e n t  was a ccom pan ied  by t h e  a p p e a r a n c e  o f  a few m o t i l e  

c e l l s  i n  t h e  w a t e r  co lumn.  C ys t  f o r m a t i o n  o f  Gonyaulax p o l y e d r a  

was n o t e d  i n  w a t e r  column sam ples  a f t e r  a p e r i o d  o f  e x p o n e n t i a l  

g rowth  o f  t h e  m o t i l e  c e l l s  i n  b o t h  1982 and 1983 .  T h i s  was 

accom panied  by a marked d e c r e a s e  i n  t h e  p e r c e n t a g e  o f  empty c y s t s  

i n  t h e  s u r f a c e  s e d i m e n t s .  I n  1983 c y s t s  w e r e  o b s e r v e d  t o  be 

p r e s e n t  t h r o u g h o u t  t h e  w a t e r  column w i t h  peak  a b u n d a n c e s  be low 

t h e  h a l o c T i n e .  C y s t s  a p p e a r e d  t o  s i n k  r a p i d l y ,  w h ic h  may h e l p  i n  

t h e i r  r e t e n t i o n  w i t h i n  t h e  l o c h .  C a l c u l a t i o n s  s u g g e s t  t h a t  20
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c y s t s  cm'*- ( t h a t  i s  2.8% of  t h e  e n c y s t e d  p o p u l a t i o n )  were r e q u i r e d  

to  ' s e e d '  t h e  bloom o b s e r v e d  i n  1983.  T h i s  ' s e e d  b e d '  seems 

l i k e l y  t o  e n s u r e  t h a t  Gonyaulax  p o l y e d r a  w i l l  r em a in  an  i m p o r t a n t  

component o f  t h e  C re ra n  p h y t o p l a n k t o n .

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

on t h e  w e s t  c o a s t  o f  S c o t l a n d  was i n v e s t i g a t e d  on c r u i s e s  o f  R.V. 

C a lanus  i n  1982 and 1983.  72 s p e c i e s  o f  m o t i l e  t h e c a t e

d i n o f l a g e l l a t e s  w e re  fo u n d .  The m os t  common s p e c i e s  w e r e  i n  

rough o r d e r  of  a b u n d a n c e ,  S c r i p p s i e l l a  s p p . ,  H e t e r o c a p s a  

t r i q u e t t a , P r o r o c e n t r u m  m i c a n s , P r o t o p e r i d i n i u m  b i p e s , Gonyau lax  

s p i n i f e r a , D i n o p h y s i s  a c u m i n a t a  and C e r a t iu m  l i n e a t u m . The 

g r e a t e s t  numbers  and v a r i e t y  o f  s p e c i e s  w e r e  found i n  w a t e r  

columns o f  i n t e r m e d i a t e  and s t r o n g  s t r a t i f i c a t i o n .  Of 

p o t e n t i a l l y  t o x i c  s p e c i e s  Gonyaulax t a m a r e n s i s  was found  t o  be 

w i d e s p r e a d  be tw een  t h e  e n t r a n c e  t o  t h e  Sound o f  J u r a  and Loch 

S u n a r t  i n  1983.

C y s t s  a l s o  v a r i e d  i n  t h e i r  d i s t r i b u t i o n ,  w i t h  h i g h e r  numbers  

found i n  s e a - l o c h s  (373 -  15 ,431  p e r  g d ry  w e i g h t  s e d i m e n t )  than  

i n  t h e  m ore  open F i r t h s  and Sounds (89 -  2 ,6 9 4  p e r  g d ry  w e i g h t  

s e d i m e n t ) .  S c r i p p s i e l l a  c y s t s  w e re  w i d e l y  d i s t r i b u t e d ,  b u t  t h e r e  

was some v a r i a t i o n  i n  t h e  s p e c i e s  c o m p o s i t i o n  o f  t h e  c y s t

a s s e m b la g e :  t h e r e  was f o r  example a g roup  o f  l o c h s  ( i n c l u d i n g

C r e ra n  and West Loch T a r b e r t )  where  t h e  38 -  6 4 ^  c y s t  a s se m b la g e

was dom ina ted  by L i n g u l o d i n i u m  machaerophorum (Gonyaulax

p o l y e d r a ) . C o n s i d e r a b l e  p o p u l a t i o n s  o f  c y s t s  w e re  found down t o  

10 cm be low t h e  s e d im e n t  s u r f a c e  and v i a b l e  c y s t s  w e r e  found  a t  

5cm. Com pari son  o f  w a t e r  column and s e d im e n t  d a t a  showed t h a t  a 

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

( i n c l u d i n g  s p e c i e s  o f  P r o r o c e n t r u m , D i n o p h y s i s  and C e r a t i u m ) was 

n o t  r e p r e s e n t e d  i n  t h e  s e d im e n t s  w h e r e a s  o t h e r  s p e c i e s  ( f o r

example Gonyaulax  p o l y e d r a ) were  o v e r - r e p r e s e n t e d .  I n t e r e s t i n g l y ,
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some s p e c i e s  w e re  p r e s e n t  as  c y s t s  b u t  were  n o t  o b s e r v e d  i n  t h e  

p l a n k t o n .  F u r t h e r  work  on t h e  r e l a t i o n s h i p  b e tw e en  t h e  c y s t  

p o p u l a t i o n  and t h e  m o t i l e  d i n o f l a g e l l a t e  p o p u l a t i o n  i s  s u g g e s t e d ,  

such work s h o u l d  i n c l u d e  s t u d i e s  on t h e  v i a b i l i t y  and l o n g e v i t y  

of  c y s t s .

Work i n  t h e  l a b o r a t o r y  on t h e  h a t c h i n g  o f  d i n o f l a g e l l a t e  

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

of  t h e c a t e  taxonomy l e d  t o  t h e  d i s c o v e r y  o f  some new c y s t  -  t h e c a  

r e l a t i o n s h i p s  f o r  exam ple ,  P r o t o p e r i d i n i u m  s u b in e rm e  and 

P r o t o p e r i d i n i u m  t h o r i a n u m . Such work h a s  g r e a t  v a l u e  in  f u r t h e r  

c l a r i f y i n g  t h e  taxonomy of  t h e  d i n o f l a g e l l a t e s  and i s  d i s c u s s e d  

i n  t h i s  c o n t e x t .
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Cyst-theca relationships in some Protoperidinium species 
(Peridiniales) from Scottish sea lochs
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* Royal Holloway College, Botany Department, Egham, Surrey, TW20 OEX. 

tScottish Marine Biological Association, Dunstaffnage Marine Research Laboratory, PC Box 3, Oban, Argyll, PA34 4AD, Scotland.

ABSTRACT-Recent dinoflagellate cysts were collected from Scottish west coast sealoch sedi
ments and germinated to establish cyst-theca relationships. Fourteen differentProtopendmiMm 
species have been germinated and studied using the scanning electron microscope. New cyst- 
theca relationships are described for Protoperidinium subinerme, P. thorianum and IP . 
hangoei.

The archeopyle of the P. excentricum cyst is described for the first time. The archeopyles of 
the cysts of P. pentagonum (Trinovantedinium capitatum) and P. leonis (Quinquecuspis 
concretum) have previously been described as representing the loss of the second intercalary 
paraplate, but are here considered to represent the loss of this paraplate and also the fourth 
precingular paraplate.

INTRODUCTION
Dinoflagellates have long been known to form cysts. 

The phenomenon was described as early as 1908 by 
Paulsen and received occasional mention in the phyco
logical literature during the first half of the twentieth 
century. Detailed investigation was, however, not 
carried out until the 1960s with the pioneering work of 
Evitt & Davidson (1964) and Wall & Dale (1968). Since 
then, most of the work on modem marine dinoflagellate 
cysts and their thecate stages has been concentrated on 
the bloom-forming Gonyaw/flx species (e.g. Anderson & 
Morel 1979).

Reid (1974,1977), described the distribution of some 
modem dinoflagellate cysts around the British Isles as 
found in surface scrapes of intertidal sediments. A 
recent review by Dale (1983) in indicating some appli
cations of cyst research to living dinoflagellate studies, 
pointed to the usefulness of the integrated nature of a 
sediment sample. As part of a study of the ecology and 
taxonomy of marine planktonic dinoflagellates in 
Scottish west coast sea lochs, the dinoflagellate cysts 
present in the sediments of the lochs were investigated. 
Many of the cysts were successfully germinated and have 
given new information on the relationships between 
cysts and the planktonic stages.

METHODS
Sediments were collected from Lochs Creran and 

Melfort (Fig. 1) in April. Sediment sampling was carried 
out using a Craib corer (Craib, 1965) which gives rela
tively undisturbed cores of sediment and overlying 
water. The overlying water and the top 5 cm of sediment 
were taken and stored at 4°C for later study.

For germination of cysts, a small amount of sediment 
(0.5-0.75 g) was “sonicated” gently in seawater then 
passed through 63 fxm mesh and retained on 3 8 fxm mesh 
sieves. The material collected on the 38)u.m sieve was 
then washed off into a small amount of culture medium 
to be used for the incubation experiment and then 
poured into a gridded petri dish. It was examined under 
a light microscope and individual cysts picked out using a 
micropipette and placed in small incubation chambers 
(Wall & Dale, 1968) or 5 cm watch glasses enclosed in 
petri dishes. The medium used for incubation was F/50 
(Guillard & Ryther, 1962). The cysts were kept at 20°C 
and if they had not germinated within 5 days the exper
iment was abandoned.

After excystment, cyst and hatched cell were observed 
and photographed under the light microscope and then 
preserved in formalin in small containers for Scanning 
Electron Microscopy (S.E.M.). For S.E.M., the cyst and 
cell pairs were again individually picked out and 
mounted on Nuclepore filters. These were dehydrated in 
an acetone sequence and dried in a critical point drier 
using carbon dioxide. After splutter coating with gold- 
palladium, cysts and germinated cells were examined in 
a JEOL 258 S.E.M.

RESULTS
The Protoperidinium species listed in Table 1 have 

been successfully incubated. Many of these (shown by * 
in Table 1) repeat the discoveries of Wall & Dale 
(1968). The cysts incubated of P. minutum and P. 
divaricatum confirm the findings of Ftikuyo et al., 1977 
and Matsuoka et al., 1983.

In many cases, the cyst germinated but the naked
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protoplast did not properly form its thecal plates. It 
seemed that the type of seawater used was important in 
this respect and it was found that seawater from 
Dunstaffnage Bay near Oban was the most suitable for 
germination. All the thecae hatched contained 
numerous small bodies which were probably storage 
products. In most cases, the operculum remained 
attached to the archeopyle of the cyst and this point of 
attachment is shown by broken lines around the archeo
pyle in Fig. 2. It is not known if the point of attachment is 
a consistent feature but in the cysts germinated in this 
study, it appeared to be. In the wild, this attachment 
probably does not last long and the operculum is lost or 
falls inside the cyst (PI. 2, fig. 3).

DESCRIPTIONS OF SPECIES THAT ARE OF 
SPECIAL INTEREST

Protoperidinium avellana (Meunier) Balech 
(PI. 1, figs. 1, 2; Fig. 2 a, b)

Dimensions. Theca: 50-55pm  long, 45-50/im wide; 
cyst: 50-55 pm  across.

Cysts. The cysts are spherical, smooth-walled and dark 
brown. They have a distinct curved hexagonal archeo
pyle. The operculum remains attached at the short side 
of the archeopyle and is related to the second intercalary 
(2 A) paraplate (Fig. 2, a, b). This cyst is known under 
the name Brigantedinium cariacoense (Wall) Reid.

Thecae. Seven of these delicate thecae were germinated. 
The rounded cells have little thecal ornamentation 
(PI. 1, fig. 2.). The girdle is left handed, excavated and 
striated (PI. 1, fig. 1.).

Protoperidinium conicoides (Paulsen) Balech 
(PI. 1, fig. 5; Fig. 2 e, f)

Dimensions. Thecae: 5A pm  long 5A pm  wide; cysts: 
50pm  across.
Cysts. The cysts are smooth-walled, dark brown and 
almost spherical. All the cysts germinated of this type 
had a domed apex and some also had an indented para- 
sulcus with reflected flagellar pores. The archeopyle is 
six sided and appears to reflect the 2A plate (Fig. 2. e, f). 
This cyst was described by Reid (1977) asBrigantedinium 
simplex and used as his type species iox Brigantedinium.

Thecae. Two recognisable thecae were germinated. 
These were rhombic in dorsoventral view and had a 
deeply excavated sulcus with a characteristic twist on the 
left below the girdle (PI. 1, fig. 5.). Germination has not 
previously been achieved with this species although Wall 
& Dale (1968) estabhshed a link between this cyst type 
and P. conicoides by examining specimens from the 
plankton.

Protoperidinium excentricum (Paulsen) Balech 
(PI. 1, fig. 6; Fig. 2g, h)

Dimensions. Thecae: 30pm  long 59pm  wide; cysts: 
50ju,m across.

Cysts. The cysts are smooth-walled, pale brown and 
shghtly dorsoventrally flattened. They have an indented 
parasulcus and are sometimes distinctive in the sediment 
due to being enclosed by the parental theca. Both of the 
cysts incubated in this study had old thecae present. The 
archeopyle is an indistinct zig-zag split (Fig. 2h) 
somewhat reminiscent of the ^Protoperidinium cyst

Explanation of Plate 1
Fig. 1. Ventral view of excysted thecate cell of P. avellana ', 50pm  across (Loch Melfort).

Fig. 2. Detail of surface patterning of P. avellana’, cell shown in fig. 1 (x4140).

Fig. 3. Detail of surface patterning of theca of an excysted P. thorianum cell; x4140 (Loch Melfort).

Fig. 4. Lateral view of excysted thecate cell of P. thorianum', 5Apm  across (Loch Creran).

Fig. 5. Ventral view of excysted thecate cell of P. conicoides', 5Apm  across (Loch Creran).

Fig. 6. Dorsal/lateral view of excysted thecate cell of P. excentricum', 59pm across (Loch Melfort).

Fig. 7. Epithecal view of excysted thecate cell of ?P. hangoei showing five sided 2A plate; 35pm across (Loch 
Melfort).
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Fig. 1. Map showing location of Lochs sampled.

described by Harland (1982, PI. 38, figs. 10-12.). It does 
not appear to be related to any paraplate boundaries 
(Fig. 2g). This cyst does not have a palynological descrip
tion but is probably grouped with the other round, 
brown cysts of peridiniacean or glenodiniacean affinities.

Thecae. Two of the characteristically flattened thecae 
were germinated (PI. 1, fig. 6.).

Protoperidinium ?hangoei (Schiller) comb. nov.
(PI. 1, fig. 7; Fig. 2i, j)

Basionym: Peridinium hangoei Schiller 1937 p. 135 
fig. 129, a-d

Dimensions. Thecae: 35/xm wide; cysts; 38ju.m across.

Cysts. The cysts are smooth-walled, brown and spherical. 
The hexagonal operculum remains attached to one of 
the short sides of the archeopyle (Fig. 2j) . This cyst type 
is so similar in appearance to those of P. punctulatum 
and various other round brown cysts that it has probably 
not been described as a separate cyst species.

Thecae. Two thecae were germinated. These were 
rounded with a slightly angular epitheca and an apical 
pore which extends into the third apical plate. The theca 
is distinguished by its three intercalary plates, the second 
of which is “pehta” (PI. 1, fig. 7.). The girdle is striated 
and excavated with small lists. The sulcus is bordered on 
one side by a small wing. The thecal affinity of this cell 
was difficidt to decide. It has provisionally been ascribed 
to P. hangoei largely because of the plate patterning.
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Fig. 2. Broken lines around the archeopyle denote point of attachment of operculum: a, Epithecal tabulation of P. 
avellana ; b, Cyst of P. avellana; c, Epithecal tabulation of P. thorianum ; d, Cyst of P. thorianum ; e, Epithecal 
tabulation of P. conicoides; f. Cyst of P. conicoides', g, Epithecal tabulation of P. excentricum; h, Cyst of P. 
excentricum Epithecal tabulation of ?P hangoei\]. Cyst of ?P. hangoei; k, Epithecal tabulation of P. subinerme; 
1, Cyst of P. subinerme.
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Table 1. Protoperidinium species germinated

Thecate stage Palaeontological name for cyst

* Protoperidinium avellana 
(Meunier) Balech

*P. claudicans
(Paulsen) Balech

*P. conicoides
(Paulsen) Balech

*P. conicum
(Gran) Balech

*P. denticulatum
(Gran & Braarud) Balech

P. divaricatum
(Meunier) Parke & Dodge

P. excentricum
(Paulsen) Balech

IP. hangoei
(Schiller) comb. nov.

*P. leonis
(PavUlard) Balech

P. minutum
(Kofoid) Loeblich III

*P. oblongum
(Aiirivillius) Parke & Dodge

*P. pentagonum 
(Gran) Balech

P. subinerme
(Paulsen) Loeblich III

P. thorianum
(Paulsen) Balech

Brigantedinium cariacoense 
(Wall) Reid

Votadinium spinosum 
Reid

Brigantedinium simplex 
Reid

Selenopemphix sp. 
Benedek

Xandarodinium xanthum 
Reid

Quinquecuspis concretum 
(Reid) Harland

Votadinium calvum 
Reid

Trinovantedinium capitatum 
Reid

albeit the original description was drawn in mirror image 
(Lindemann, 1924). There are, however, a number of 
differences. The scanning micrograph of the excysted 
motile stage (PI. 1, fig. 7.) shows the theca to have some 
relief whereas previous descriptions of P. hangoei by 
light microscopy have shown it as smooth walled. P. 
hangoei is also drawn as being rounded but the epitheca 
of our specimens was slightly angular.

Protoperidinium leonis (Pavillard) Balech 
(PI. 2, figs. 3, 4, 6)

Dimensions. Thecae: 60/u,m long, 60p.m wide; cysts: 
65/i.m long, 6.5/u.m wide.

Cysts. The cysts are pentagonal, smooth-walled and 
brown. They have been described in various cyst genera 
but Harland (1982) considers they should reside in 
Quinquecuspis. The archeopyle of this cyst has previously 
been considered to represent the loss of the 2A para
plate. Evitt (1967) considered it to be a fine example of 
an enlarged 2A archeopyle. Some doubt was expressed 
by Harland (1977) who postulated the involvement of 
the third apical paraplate. PI. 2, fig. 3. clearly shows that 
the archeopyle is not simple in shape and seems to 
represent the loss of more than one paraplate. Its 
proximity to the paracingulum, and comparison with the 
thecate stage (PI. 2, fig. 6 ), suggests the additional loss 
of the fourth precingular (4") paraplate (for further 
discussion see under P. pentagonum).
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Thecae. The theca is covered with a characteristic 
patterning of ridges and spines enclosing a “netted” 
pattern and pores (PI. 2, fig. 4). This is also seen in P. 
leonis thecae from the plankton (Dodge & Saunders, 
unpubl.). The hypotheca extends to two hollow horns 
with a solid spine on each. As noted by several authors 
(Wall & Dale 1968; and Harland, 1982) there is much 
variation in this cyst type and a species complex may 
exist. However, only one theca has been germinated and 
positively identified so far.

Protoperidinium pentagonum (Gran) Balech 
(PI. 2, figs. 1 ,2 ,5)

Dimensions. Thecae: 7 0 /Am long, 60/Am wide; cysts: 
6 5 /Am long, 60/Am wide.

Cysts. The cysts are colourless, pentagonal and orna
mented with capitate spines (PI. 2, fig. 5). They are of the 
type Trinovantedinium capitatum (Reid). The archeo
pyle is hexagonal and is usually described as intercalary, 
however, S.E.M. illustrations of a specimen picked from 
the plankton with its theca attached showed clearly that 
the archeopyle represents the loss of the 2A and the 4" 
paraplates (PI. 2, figs. 1, 2).

Thecae. Many thecae were hatched. Some of these 
resembled P. pentagonum but as Abe (1981) points out 
this is a little-studied species and can easily be confused 
with such species as Peridinium bidentatum Abe, P. 
expansum Abé and P. sinuosum (Lemmerman) 
Jorgensen. There were slight variations in this cyst type 
so it is felt that more than one species may be involved 
here, as implied by Wall & Dale (1968). Some of the 
thecae germinated in this study and the cell in PI. 2, fig. 1 
did not appear to be P. pentagonum. More critical work 
is required to elucidate this situation.

Protoperidinium subinerme (Paulsen) Loeblich III 
(PI. 2, fig. 7; Fig. 2k, 1)

Dimensions. Thecae: 55/Am across; cyst: 50/Am across.

Cysts. The cysts are smooth, spherical and dark brown. 
They have a fairly large hexagonal operculum which 
remains attached to the long side of the archeopyle 
(Fig. 21) and appears to be most closely related to the 2 A 
paraplate (Fig. 2k). These are quite unlike the cyst 
already described for P. subinerme by Wall & Dale 
(1968) {Selenopemphix nephroides Benedek). This cyst 
type has not been found by us in Scottish sea loch sedi
ments. It was not mentioned by Reid in his survey of 
U.K. sediments and did not appear to occur around the 
British Isles in Harland’s survey of North Atlantic dino- 
flagellates (Harland, 1983) although P. subinerme is 
relatively common around the British Isles (Dodge,

1981). Unfortunately, no comparative work has been 
possible. Perhaps there is more than one variety of 
P. subinerme or a species complex with more than one 
cyst type involved.

Thecae. One theca was germinated and was initially 
thought, after light microscopy to be P. punctulatum. 
Examination by S.E.M., however, showed the theca to 
be P. subinerme. The two species are very similar but P. 
subinerme has a distinctly spiny surface and there are 
spines at the base of the sulcus (PI. 2, fig. 7) unlike P. 
punctulatum which has small rounded protrusions all 
over the surface of the theca (Dodge and Saunders 
unpubl.). The plate patterns in P. subinerme are quite 
variable, and in this case the 2A plate was “hexa” .

Protoperidinium thorianum (Paulsen) Balech 
(PI. 1, figs. 3, 4; Fig. 2c, d)

Dimensions. Thecae: 50-60 /A m  across; cysts: 50-55 /A m  

across.

Cysts. The cysts are spherical, smooth-walled and dark 
brown. The operculum, although similar in shape to that 
oiP.avellana ; is not curved and is attached to the archeo
pyle along the long side (Fig. 2d). Again it is a round, 
brown cyst that has probably not been described separ
ately. It is most similar to the cysts of P. denticulatum.

Thecae. Three thecae were germinated. They were very 
similar toP. avellana, having two intercalary plates and a 
left handed, striated, excavated girdle (Fig. 2c; PI. 1, 
fig. 4.). They are characterised by their papillate thecal 
plate surface (PI. 1, fig. 3).

DISCUSSION
The scanning micrographs of excysted thecate motile 

stages show them to be identical with their counterparts 
in the plankton. The S.E.M. has proved an invaluable 
tool in this work allowing detailed examination of the 
few specimens usually available of each species.

When there is little or no paratabulation on the cysts it 
is only possible to speculate on the relationship of the 
archeopyle to specific paraplates. Clues provided by the 
examination of the P. pentagonum cyst with its parental 
thecate stage present suggest that what has been 
regarded as à simple archeopyle may involve two para
plates. S.E.M. illustrations of P. leonis cysts suggest 
similarly that more than one paraplate is involved. It is 
felt that in both cases the 2A and the 4" paraplates are 
responsible.

Round brown cysts have long been a taxonomic 
problem. Nine Protoperidinium species have now been 
described as having such cysts. Befoi*e-jincubation or 
chemical treatment these cysts are indistinguishable and 
could also be confused with Diplopsalis cysts. After
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germination there is still confusion as many of the 
thecate stages have similar 2A plates and hence similar 
archeopyles -  for example the archaeperidiniums P. 
avellana, P. denticulatum and P.thorianum. Obser
vations of recent empty brown spherical cysts from the 
sediments show that damage can cause them to have 
more than one opening in the cyst wall. Specimens are 
also indistinguishable if they are crushed or not in a 
favourable orientation. It is possible that they may be 
distinguished by size but further critical research would 
be needed to confirm this. They may, however^ need to 
be separated only if the species concerned are ecologi
cally different. Most of the species germinated in this 
study have been obtained from one sea loch so they all 
survived in approximately the same environmental 
conditions.

The taxonomic problems are not only confined to 
cysts: plate variations in the motile thecate dino- 
flagellates can cause some taxonomic problems. The 2A 
plate often seems to vary. For example, in the Wall & 
Dale, 1968 paper P. conicum is described as having a 
quadrate or hexagonal 2A plate and is figured as being 
“hexa” . Two thecae incubated in this study had a 
“quadra” 2A plate. As all the motile cells come from the 
same distinctive cyst type (Selenopemphix) they should 
clearly belong to the same species. Conversely, many 
different cysts give rise to the Gonyaulax spinifera group 
and here perhaps there is a case for further taxonomic 
splitting of the thecate stages.

Differences in cyst types may also help to resolve 
some of the problems associated with ‘species com
plexes’, such as those of P. pentagonum andP. oblongum. 
Here, the more easily distinguished cysts may improve 
the understanding of the thecate taxonomy. Neverthe
less, ‘species complex’ may be a more useful concept to 
the ecologist.

Harland (1982) showed that cyst and thecate nomen
clature within the g&ims Protoperidinium is compatible. 
The new cyst-theca relations described fit into his 
scheme:- e.g. Protoperidinium (Archaeperidinium 
section Fucusphaeridinium) thorianum and Proto
peridinium (Protoperidinium section Asymmetro- 
pedinium) hangoei. However, there is possible confusion 
over P. subinerme. As it is described in this paper, it fits 
best with Protoperidinium (Protoperidinium section 
Brigantedinium), along with P. conicoides. It will be 
noted that their thecal morphologies are very similar. 
However, the cyst described for P. subinerme by Wall & 
Dale (1968) has been assigned to Protoperidinium 
(Protoperidinium section Selenopemphix). Harland 
referred to Xandarodinium xanthum in the 1982 paper 
but because of insufficient evidence was unable to place 
it in his scheme. Now, with the work of Matsuoka et al.
(1983) and this paper, it seems possible thatX  xanthum 
should be placed in the Selenopemphix section of 
Harland’s scheme or more likely in a new secton of its 
own.

We are still far from obtaining a complete overall 
perspective of the relationship between Protoperidinium 
species and their cysts but it is clear that the taxonomy of 
the planktonic dinoflagellates should be studied with 
regard to both cyst and thecate stages to give a more 
natural classification.
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Explanation of Plate 2

Fig. 1. Dorsal view of theca of P. pentagonum enclosing a cyst which was picked from a plankton sample taken in 
L. Creran in early July; 65pm  across.

Fig. 2. Detail of the archeopyle and associated thecal plates of cyst/theca shown in fig. 1 (x2600).

Fig. 3. A germinated cyst of P. leonis, 63 pm  across (Loch Melfort).

Fig. 4. Detail of surface patterning of excysted P. leonis theca (x 9000).

Fig. 5. Capitate spine of P. pentagonum cyst shown in fig. 1 ( x 26,000).

Fig. 6. Dorsal view of thecate cell of P. leonis germinated from cyst shown in fig. 3; 59pm  across.

Fig. 7. Apical view of excysted thecate cell of P. subinerme; 55pm  across (Loch Melfort).
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