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ABSTRACT 

Sawley Dene, a small  secluded l ake  i n  North Yorkshire,  

suppor ts  l a r g e  popula t ions  of diatoms i n  s p r i n g  and 

blue-green a lgae  i n  l a t e  summer. C h a r a c t e r i s t i c s  of 

t h e  dra inage  a rea  g i v e  t h i s  shallow lake ca lcareous  water 

and a long r e t e n t i o n  t ime; a l though p e r s i s t e n t  summer 

s t r a t i f i c a t i o n  does n o t  occur ,  t h e  summer a l g a l  popula t ions  

resemble those  i n  t h e  epi l imnion of a s t r a t i f i e d  eut rophic  

l ake .  3 2  p r i n c i p a l  phytoplankton spec ies  from seven 

a l g a l  c l a s s e s  a r e  i l l u s t r a t e d  by l i g h t  micrographs and 

t h e i r  p e r i o d i c i t y  recorded over two annual cyc les ;  

a s t a t i s t i c a l  method i s  employed t o  produce g r a p h i c a l  

summaries of t h e  p a t t e r n s  of spec ies  replacement. 

Absolute l e v e l s  of a l g a l  abundance a r e  c o r r e l a t e d  wi th  

concen t ra t ions  of ch lo rophy l l  a and with vary ing  Secchi  

d i s c  v i s i b i l i t y .  Scale-bearing planktonic  organisms 

from Sawley Dene were s t u d i e d  a s  whole mounts i n  t h e  

e l e c t r o n  microscope and 30 t axa  a r e  d i s t ingu i shed ,  

inc luding  17 spec ies  of f l a g e l l a t e  Chrysophyceae n(Mallomonas 

and r e l a t e d  genera ) .  Comparative s t u d i e s  on samples 

from nearby lakes  and poo l s  show t h a t  a number of r a r e  

s p e c i e s  occur i n  t h e  Sawley a r e a  b u t  a r e  absen t  from 

Sawley Dene; it i s  suggested t h a t  Sawley Dene i s  t o o  

l a r g e  and too  ca lcareous  t o  support  a very d i v e r s e  

chrysophycean microf lora .  , A systematic  account  of a l l  

t h e  scale-bearing s p e c i e s  found i n  t h e  s tudy a r e a  i s  

presented and f i v e  new t a x a  of Chrysophyceae a r e  d i s t ingu i shed ,  

inc luding  two from Sawley Dene; t h e s e  a r e  g iven  p r o v i s i o n a l  

names bu t  w i l l  be fo rmal ly  descr ibed  elsewhere. Mixed 

phytoplankton samples were embedded f o r  e l e c t r o n  microscopy 

and noteworthy f e a t u r e s  of four  spec ies  w e r e  s t u d i e d  i n  

d e t a i l :  t h e s e  inc lude  s c a l e  formation and new c y t o l o g i c a l  

d e t a i l  i n  Paraphysomonas v e s t i t a ,  colony s t r u c t u r e  and 

s c a l e  formation i n  Synura p e t e r s e n i i ,  s e r i a l  sec t ion ing  

and 3-dimensional r e p r e s e n t a t i o n  of t h e  t r a n s v e r s e  f lagellum 

of Peridinium cinctum and a s tudy of t h e  s u r f a c e  morphology 

of t h e  scale-bearing Heliozoan Raphidocystis t u b i f  e r a .  
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GENERAL INTRODUCTION AND 'LITERATURE REVIEW 

Planktonic a lgae  have a t t r a c t e d  t h e  a t t e n t i o n  of 

earch workers of va r i ed  i n t e r e s t s  over a  long per iod .  

ir bas i c  d i v e r s i t y  of c e l l  s t r u c t u r e  and morphology, 

hich a l l  i n v e s t i g a t i o n s  involving a l g a l  sys temat ics  

ecology u l t i m a t e l y  rest, has been e s t ab l i shed  p r i n c i p a l l y  

r e s u l t  of l ight-microscope s t u d i e s  on wi ld  populat ions,  

of which w e r e  c a r r i e d  o u t  during t h e  l as t  decade of 

n ineteenth  century  and t h e  f i r s t  30 o r  4 0  years  of 

present  century.  with t h e  advent of e l e c t r o n  microscopy 

t h e  e a r l y  1950s, t h e  emphasis f o r  c y t o l o g i c a l  

t i g a t i o n  changed from spec ies  encountered ca sua l l y  

wild t o  those  which could be cu l t u r ed  success fu l ly  

sonably l a r g e  numbers. i n  t h e  labora tory .  To date ,  

j o r i t y  of u l t r a s t r u c t u r a l  i nves t i ga t i ons  a r e  s t i l l  

d ou t  on t h e  r e l a t i v e l y  small  numbers of s t r a i n s  

b l e  from ' spec i a l i s ed  sources of a l g a l  c u l t u r e s .  

A f e a t u r e  of phytoplankton growth i n  t h e  wild i s  t h e  

c i t y  f o r  a  s i n g l e  spec i e s  t o  form dense populat ions 

i t a b l e  h a b i t a t s  a t  c e r t a i n  t imes of t h e  year ,  only 

sappear s h o r t l y  af terwards  t o  be replaced '  by another, 

o r a r i l y  dominant, species .  It  seemed f e a s i b l e  t h a t  

edge of t h e  na tu r e  and timing of such maxima i n  any 

i g h t  enable  u l t r a s t r u c t u r a l  i n v e s t i g a t i o n s  t o  be , , 

n a v a r i e t y  of spec ies ,  f i xed  and embedded f o r  

t r o n  microscopy d i r e c t  from t h e  wild,  , and t h a t  

r va t i ons  on m a t e r i a l  of t h i s  na tu re  would provide da ta  

could be compared wi th  r e s u l t s  f o r  cu l t u r ed  organisms; 

i t i o n ,  r a r e  o r  unusual species  might be  encountered 

may no t  previous ly  have been s tudied  i n  t h e  e l ec t ron  

oscope. I n  order  t o  implement t h i s  approach it was 

d t o  adopt a s  a  f i e l d  s i t e  a  l ake  which had not  

t o  rece ived any s c i e n t i f i c  study, so  t h a t  t h e  

o log ica l  observat ions  necessary a s  a  foundation f o r  any 

t r a s t r u c t u r a l  work might be of i n t e r e s t  i n  t h e i r  own r i g h t .  

A prov i s iona l  ' o u t l i n e  f o r  t h e  p r o j e c t  was drawn up; 

t was envisaged t h a t ,  a f t e r  t h e  i n i t i a l . s e l e c t i o n  of a  

s i t e ,  approximately equal  amounts of t ime would be 



e n t  on d e s c r i p t i o n  of t h e  phytoplankton p e r i o d i c i t y  

l a b o r a t o r y  c y t o l o g i c a l  s t u d i e s .  A s  t h e  p r o j e c t  

eeded, it appeared t h a t .  c e r t a i n  a s p e c t s  of t h e  

s t i g a t i o n  would b e n e f i t  from g r e a t e r  emphasis than  

rs a c c o r d i n g . t o  t h e  t ime and resources  a v a i l a b l e ;  . 

example, d e t a i l e d  u l t r a s t r u c t u r a l  s t u d i e s  were r e s t r i c t e d  

our s p e c i e s  i n  order  t o  a l l o c a t e  s u f f i c i e n t  t ime t o  

, and a  pre1iminar.y EM examination of mixed plankton 

e s  from t h e  s tudy s i te  as whole mounts was expanded 

v i d e  comparative eco log ica l  and taxonomic d a t a  from 

our ing  s i t e s .  Nevertheless ,  t h e  p r e s e n t  t h e s i s  

ns  t h e  broad d i v i s i o n  i n t o  "eco log ica l "  and' 

a s t r u c t u r a l "  p a r t s .  The former i n c o r p o r a t e s  a  

i p t i o n  of t h e  s tudy s i t e  i n  i t s  o v e r a l l  con tex t ,  an ? 

nt'of t h e  phytoplankton popula t ions  it suppor ts  and a  

s s i o n  of t h e  t r o p h i c  s t a t u s  of t h e  l a k e ,  a  b r i e f  . ' 

i p t i o n  of t h e  p e r i o d i c i t y  of each s p e c i e s  and a . 

omic and e c o l o g i c a l  i n v e s t i g a t i o n  i n t o  t h e  sca le -  

ng p lank ton ic  organisms revea led  by e l e c t r o n  microscopy . 
l t r a s t r u c t u r a l  p a r t  inc ludes  s t u d i e s  on t h e  cytology of 

l 

s p e c i e s  f o r  which new f e a t u r e s  of c e l l  s t r u c t u r e  a r e  

bed and the2r .  s i g n i f i c a n c e  d iscussed .  

awley Dene, n e a r  Fountains  Abbey i n  North ~ o r k s h i r e ,  

ake  which o f f e r s  a number of advantages a s  a . p o t e n t i a 1  

site.  It .is r e l a t i v e l y  smal l  (ca.  10 ha.) and 

ed s o  t h a t  it i s  l a r g e l y  unknown and undisturbed by . 

c  r e c r e a t i o n a l  use,  y e t  it i s  probably of s u f f i c i e n t  

t o  suppor t  p lanktonic  . a l g a l  popu la t ions  such a s  may be 

a c t e r i s t i c  of ve ry  much l a r g e r  lakes .  It  has been known 

evelop summer blooms of blue-green a l g a e  f o r  many 

S and ,would t h e r e f o r e  be  termed e u t r o p h i c ;  t h e  

i o d i c i t y  of l a k e s  similar t o  Sawley Dene i n  t h i s  

p e c t  has  been t h e ' s u b j e c t  of i n v e s t i g a t i o n s  elsewhere 

t h e s e  sugges t  t h a t  r e l a t i v e l y  dense s t o c k s  of a l g a e  of 

t h e r  t y p e s  may be a n t i c i p a t e d  t o  occur a t  va r ious  t imes of 

he year .  F . ina l ly ,  t h e  geographica l  l o c a t i o n  of Sawley Dene 

n  an  a r e a  e a s t  of t h e  Pennines n o t  noted f o r  i n v e s t i g a t i o n s  

f  f r e shwate r  a l g a e  s i n c e  t h e  t ime of West & W e s t  ( 1 9 0 1 ) ,  

f f e r s  scope f o r  augmenting d i s t r i b u t i o n  records  f o r  some 
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of t h e  s p e c i e s  which may be encountered and f o r  con t r ibu t ing  

t o  knowledge of t h e  f r e shwate r s  of t h e  r eg ion .  

It was t h e r e f o r e  decided t o  adopt Sawley Dene a s  

a s tudy s i t e  and t o  i n v e s t i g a t e  t h e  seasonal  succession 

of i t s  phytoplankton, f i r s t l y  t o  g i v e  i n s i g h t  i n t o  t h e  

c h a r a c t e r  of t h e  l ake ,  secondly t o  d e s c r i b e  t h e  p e r i o d i c i t y  

of t h e  p r i n c i p a l  spec ies  and t o  document t h e  occurrence 

of r a r e r  forms, and t h i r d l y  t o  c o l l e c t  wi ld  m a t e r i a l  f o r  

f u r t h e r  s tudy  i n  l i g h t -  and e l e c t r o n -  microscopes.  The 

a p p l i c a t i o n  of e l e c t r o n  microscopy would a l s o  be  va luab le  

o r  t h e  i d e n t i f i c a t i o n  of c e r t a i n  nanoplankton organisms 

ased  on t h e  s t r u c t u r e  of t h e i r  s c a l e s ,  a t a s k  which i s  

l a r g e l y  impossible  from l i g h t  microscopy a lone ,  

Concurrent wi th  t h i s  s tudy,  a second p r o j e c t  was 

l s o  t o  be  c a r r i e d  ou t  a t  t h e  same s i te  wherein t h e  

seasona l  development of blue-green a l g a e  w a s  t o  be 

v e s t i g a t e d  i n  d e t a i l  a t  an u l t r a s t r u c t u r a l  l e v e l  by 

o t h e r  worker. The c y t o l o g i c a l  s t u d i e s  r e p o r t e d  here  

re t h e r e f o r e  t o  be confined t o  organisms o u t s i d e  t h i s  

A d i s c u s s i o n  and review of l i t e r a t u r e  r e l e v a n t  t o  

h i s  s tudy  now fo l lows i n  which t h e  main a r e a s  of 

v e s t i g a t i o n  w i l l  be kep t  s e p a r a t e ,  a s  t h e y  have t o  

e e x t e n t  been developed independent ly through previous 

S of l imnologica l  r e sea rch .  The t o p i c s  t o  be reviewed 

a s  fol lows:  

i) t h e  n a t u r e  of phytoplankton communities and 

s t r a t e g i e s  f o r  e f f e c t i v e  sampling; 

ii) t h e  e x t e n t  of i n v e s t i g a t i o n s  of phytoplankton 

success ion  elsewhere i n  B r i t a i n ,  wi th  p a r t i c u l a r  

emphasis on a t t empts  t o  d e s c r i b e  t h e  v a r i a b i l i t y  

p o s s i b l e  on a r e g i o n a l  b a s i s ;  

iii) progress  i n  understanding t h e  f a c t o r s  c o n t r o l l i n g  

t h e  seasonal  f l u c t u a t i o n s  of a l g a l  popula t ions  i n  

n a t u r a l  condi t ions ;  

i v )  t h e  c u r r e n t  l e v e l  of taxonomic and o t h e r  

knowledge of t h e  s m a l l e s t  a l g a e  t h a t  may be 

recognised wi th  t h e  e l e c t r o n  microscope 

from t h e i r  possess ion  of  su r face  s c a l e s ;  
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v )  t h e  amount of d e t a i l  with which a l g a e  of 

d i f f e r e n t  c l a s s e s  have been i n v e s t i g a t e d  a t  an 

u l t r a s t r u c t u r a l  l e v e l ,  t oge the r  wi th  t h e  e x t e n t  

t o  which such information has a l r e a d y  been 

f summarised i n  t h e  l i t e r a t u r e .  

), Sampling of phytoplankton communities 

Phytoplankton assemblages d i s p l a y  many c h a r a c t e r i s t i c s  

t h a t  make it d i f f i c u l t  f o r  e f f e c t i v e  sampling t o  be 

t r a i g h t f  orward. The organisms show cons ide rab le  

t i t a t i v e  and q u a l i t a t i v e  v a r i a t i o n  through t i m e  n o t  

l y  s e a s o n a l l y , b u t  a l s o  from week t o  week, o r  even on a 

n a l  bas5.s. A t  any one t ime they  may a l s o  be  

e g u l a r l y  d i s t r i b u t e d  i n  space,  both h o r i z o n t a l l y  and 

r t i ca1 l .y .  An i n d i v i d u a l  spec ies  may i n c r e a s e  i n  

undance over  f i v e  o r  more o r d e r s  of magnitude above 

th resho ld  of d e t e c t i o n .  and d i sc repanc ies  i n  t h e  s i z e  
. . 

i n d i v i d u a l s  of  d i f f e r e n t  spec ies  may be of some f o u r  

d e r s  of magnitude. Each of t h e s e . v a r i a b l e s  can in f luence  

e e f f e c t i v e n e s s  of a , g i v e n  method of sampling f o r  

ytoplankton. . . 

Because of t h e  magnitude of seasonal  v a r i a t i o n  it 
I 

d e s i r a b l e  t o  c a r r y  o u t  sampli.ng over as much of t h e  

r a s  p o s s i b l e  if a complete p i c t u r e  i s  t o  be b u i l t . . u p ;  

eed, it i s  p r e f e r a b l e  f o r  t h i s  t o  be supported by 
' .  . 

s e r v a t i o n s  over a longer  per iod  i n  order  t h a t  t h e  e x t e n t  

annual r ep roduc ib i l i ty  may be assessed.  I f  only  one 

a few v i s i t s  may be made t o  a ' p a r t i c u l a r  s i t e ,  it 

important  t h a t  t h e ' m o s t  s u i t a b l e '  t imes of  year  a r e  

osen f o r  sampling i n  t h e  l i g h t  of what may be known about 

e genera l  seasona l  prevalence  of t h e  a l g a e  of i n t e r e s t ,  L 

n t h e  p a r t i c u l a r  h a b i t a t  involved. Diurnal  v a r i a t i o n  may 

e i n v e s t i g a t e d  per se ,  o r  i t s  e f f e c t s  minimised by 

mpling only  a t  a c e r t a i n  t ime of t h e  day. It i s  

i c u l t  t o  a l l o w ' . f o r  h o r i z o n t a l  v a r i a t i o n  i n  phytoplankton 

populat ions b u t  c a r e f u l  s i t i n g  of a sampling p o i n t ,  

r e f e r a b l y  wi th  d u p l i c a t i o n  elsewhere i n  t h e  water body, 

l e a r l y  important .  Non-uniform v e r t i c a l  d i s t r i b u t i o n  

of phytoplankton may be overcome by sampling a column of 
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water wi th  a  v e r t i c a l  tube  (Lund, 1 9 4 9 )  ; a l t e r n a t i v e l y ,  

i t s  n a t u r e  may be i n v e s t i g a t e d  by t r app ing  l i m i t e d  volumes 

of water a t  s e l e c t e d  depths.  
P 
% S p e c i f i c  methods of sample c o l l e c t i o n  have been 

reviewed by Lund & T a l l i n g  (1957) and Vollenweider ( 1 9 7 4 ) .  

Plankton-net samples a r e  quick and convenient  t o  t a k e ;  they  

may be  t h e  most f e a s i b l e  i f  sampling has  t o  t a k e  p l a c e  

from t h e  shore.  .They possess .  advantages i n  terms of t h e  

l a r g e  q u a n t i t y  of m a t e r i a l  which can  b e  c o l l e c t e d  and 

, t h i s  may be a  p r e - r e q u i s i t e  f o r  f u r t h e r  l a b o r a t o r y  

s t u d i e s .  They a r e ' a l s o  of u s e  where t h e  plankton i s  

ve ry  t h i n  o r  where it i s  d e s i r a b l e  - t o  d e t e c t  r a r e  s p e c i e s .  

However, t h e y  are of l i m i t e d  a p p l i c a b i l i t y  f o r  q u a n t i t a t i v e  

ork  as t h e  a c t u a l ' q u a n t i t y  of water  f i l t e r e d  .by t h e  n e t  

i s  d i f f i c u l t  t o  determine and e s t i m a t i o n  o f  a l g a l  numbers 

i n  a  known volume of water i s  f r e q u e n t l y  r e q u i r e d .  

C o l l e c t i o n  of a  volumetr ic  sample i s  u s u a l l y  followed 

y c o n c e n t r a t i o n  of t h e  organisms w i t h i n  it u n t i l  s u f f i c i e n t  

d e n s i t y  i s  reached f o r  them t o  be  counted; cent r i fugat ion . ,  

' f i l t r a t i o n  o r  sedimentat ion,  o r  .a combination of t h e s e ,  

a r e  normally employed. Abundance may be assessed  by 

he method of Utermohl (Lund, Kipl ing  & LeCren, 1958) 
.' , , . ,  

s i n g  an i n v e r t e d  microscope and a sedimentat ion chamber, 
,.. : 

r i n  a  haemocytometer or' c e l l  of s i m i l a r  type.  Absolute  

v a l u e s  f o r  abundance a t  v a r i o u s  t imes  a l low t h e  growth 

and d e c l i n e  of ind iv idua l  s p e c i e s  t o  be followed b u t ,  

becaus.e of t h e  l a r g e  discr.epancy i n  s i z e  between s p e c i e s ,  

it i s  d e s i r a b l e  t o  compensate f o r  t h i s  be fo re  e c o l o g i c a l l y  

sefu l -compar isons  between s p e c i e s  can be made and any 

v a l u e s  summated. .Species may be. compared on t h e  b a s i s  

of c e l l  volume, w e t  o r  d r y  weight,  carbon o r  ch lo rophy l l  

con ten t ;  of these ,  carbon and d r y  weight a r e  perhaps t h e  

most s t a b l e  measures but  have only  i n f r e q u e n t l y  been 

determined f o r  n a t u r a l  ( u n l i k e  l a b o r a t o r y )  popula t ions .  

It i s  l ikewise  d i f f i c u l t  t o  determine average ch lo rophy l l  

c o n t e n t  per  c e l l  i n  t h e  wi ld  u n l e s s  popula t ions  a r e  

p a r t i c u l a r l y  pure,  although t h e  chlorophyl l '  a  c o n t e n t  of - 
\, a whole ~ 0 p u l a t i o . n  i s  a  widely used measure of s t and ing  

crop. - C e l l  volume i s  o f t e n  used t o  compensate f o r  t h e  

s i z e  d i f f e r e n c e  between spec ies ;  examples of measurements 



a r e  given by Findenegg ( i n  Vollenweider, 1974) ,  Be l l inge r  

( 1 9 7 4 )  and w i l l &  (1976).  Records of o v e r a l l  s tanding  

crop given i n  t h e  l i t e r a t u r e  may be quoted a s  t o t a l  numbers 

of c e l l s  (of  r e a l  v a l u e  o n l y  when popula t ions  a r e  , 

i r t u a l l y  u n i a l g a l ) ,  t o t a l  c e l l  volume o r  d r y  weight,  o r  

h lorophyl l  - a ' concent ra t ion . .  The e f f e c t  of a l g a l  d e n s i t y  

n t h e  t u r b i d i t y  of t h e  water  may a l s o  be as sessed ,  as 

hen t ransparency i s  es t ima ted  wi th  t h e  Secchi  d i s c ,  which 

i s  d iscussed  i n  a l a t e r  s e c t i o n  (p. 37) .  

. . 

ii) Descr ip t ion  of  phytoplankton p a t t e r n s  elsewhere 

I n  B r i t a i n ,  phytoplankton success ion  h a s  been descr ibed  

a number of  water  bod ies .  and a few e a r l y  workers such 

G r i f f i t h s  (1923) examined small  l akes  o r  pools  i n  

r t i c u l a r .  Larger  l a k e s  have been wel l -s tudied  i n  

ome i n s t a n c e s  and,where e f f o r t s  have been made t o  c o r r e l a t e  

he phytoplankton of  whole ' a r e a s ,  t h e s e  r e s u l t s  a r e  of 

a r t i c u l a r  i n t e r e s t  f o r  comparative purposes. The m a j o r .  

akes of t h e  Engl ish  Lake D i s t r i c t  have a l l  r ece ived  a 
r 

. .  . 

gree  of s tudy  (see Macan, 1970; Gorham e t  a1.,197,.4), -- 
S have a number of t h e  ~ h r o p s h i r e [ c h e s h i r e  meres : .  
Reynolds, 1976a),; f l o r i s t i c  surveys have been c a r r i e d  o u t  

ng some I r i s h  loughs (Round & Brook, 1959) and i n  

wide range of  l o c h s  i n  Scot land (Brook, 1964) .  

d i v i d u a l  o r  s m a l l  groups of s i t e s  have been i n v e s t i g a t e d  

o t h e r  a r e a s  inc lud ing  l a k e s  of  fundamentally eu t roph ic  

ype i n  southern  England (Benson-Evans e t  a 1 . , 1 9 6 7 ;  -- 
o s s  & Abdel Xarim, 1969; ~ i d l e ~ ,  1 9 7 0 ;  Wilson e t  a l . ,  -- 
975) ,  e a s t e r n  England ( P h i l l i p s ,  1977; Moss, 197,7), 

e n t r a l  England ( I r i . s h ,  1977) ,  Wales (Jones & Benson- 

vans, '1974; Pen tecos t  & Happey-Wood, 1978) ,  and Scot land 

Bailey-Watts, 1974; S tewar t  e t  a l . ,  1 9 7 7 )  . ~ o r t h - e a s t  -- 
ngland, however, is. r e l a t i v e l y  l i t t l e  s t u d i e d ,  i n  t h i s  

espect;. Lund ( 1 9  6 1) h a s  descr ibed  t h e  phytoplankton 
@ 
8 of Malham Tarn b u t  e lsewhere i n  Yorkshire only an 

i s o l a t e d  s p e c i e s - l i s t  from Gormire, near Thi rsk  ( S c o t t ,  

I g 
948) ,appears  t o  have been publ ished s ince  W. and G.S. West 's  



Comparisons w i t h  l a k e s  .ou t s ide  B r i t a i n  a r e  a l s o  

o s s i b l e ;  some examples have been given i n  Hutchinson 

1 9 6 7 ) ,  Round ( 1 9 7 1 )  and ~ o g g  ( 1 9 7 5 ) ,  and o t h e r s  cont inue  

o  appear i n  t h e  c u r r e n t  p e r i o d i c a l  l i t e r a t u r e .  I n  

ene ra l ,  however, it is  hoped t o  conf ine  d i s c u s s i o n  t o  

r eg iona l  b a s i s  a s  f a r  a s  i s  p r a c t i c a b l e .  

ii) F a c t o r s  c o n t r o l l i n g  a l g a l  growth i n  n a t u r a l  cond i t ions  
I n  a t tempt ing  t o  understand t h e  waxing and waning 

phytoplankton popula t ions ,  i d e a s  have been g radua l ly  

aborated from e a r l y  concepts  of d i r e c t  p h y s i c a l  o r  chemical 

imulat ion o f  growth t o  incorpora te ,  i n  a d d i t i o n ,  

mplex i t i e s  of  s p e c i e s  b io logy and behaviour;  f o r  

ample, such f a c t o r s  a s  r e l a t i v e  growth r a t e s , '  p a t t e r n s  

v e r t i c a l  movement and s t r a t e g i e s  f o r  e x p l o i t a t i o n  

n u t r i e n t s  i n  sub-optimal cond i t ions  may be of comparable 

portance t o  c o r r e l a t i o n s  with apparent  temperature., 

and n u t r i e n t  optima. Nevertheless ,  o v e r a l l  seasonal  

'hanges i n  t h e  growth of phytoplankton a r e  u l t i m a t e l y  , . ,  ,. 

l a t e d  t o  annual  c y c l e s  of phys ica l  and chemical v a r i a b l e s ,  

g e n e r a l i s a t i o n s  about  . the p r i n c i p a l  seasonal  cha rac te r -  

i c s  a r e  poss- ib le  (Lund, 1 9 6 4 ;  Hutchinson, 1.967; , 
g, 197.5) which i n  summary suggest  t h a t ,  f o r  t e r q j e r a t e .  

rophic  l a k e s  ' i n  t h e  nor the rn  hemisphere, n u t r i e n t s  
1 .:,.- 

p a r t i c u l a r  n i t r a t e , . p h o s p h a t e  and s i l ica te)  a r e  h i g h e s t  

i n t e r  and lowest  i n  l a t e  summer; i i l u m i n a t i o n ,  i s  

i t s  h i g h e s t  i n  mid-summer, while  maximum temperatures  

su r face  w a t e r s  may occur  up t o  one o r  two months a f t e r  

-summer. The i n t e r p l a y  of t h e s e  key f a c t o r s  g ives  

e  t o  d i s t i n c t  seasona l  phases;  thus ,winter  i s  t y p i f i e d  

chemical r i c h n e s s ,  b u t  wi th  a l g a l  growth . l imited by 

s i c a l  cond i t ions ;  i n  sp r ing ,  i l l u m i n a t i o n  . increases  

r e  r a p i d l y  than  temperature , and  a l g a l  d e p l e t i o n  of 

u t r i e n t s  becomes s i g n i f i c a n t ; .  summer i s  a pe r iod  of 

ncreased tempera tures  and low n u t r i e n t  l e v e l s ;  while  i n  

utumn, f i r s t  i l l u m i n a t i o n  and then  temperature d e c l i n e s  

nd t h e r e  may be  some replenishment  o r  inc reased  a v a i l a b i l i t y  

of n u t r i e n t s  b e f g r e  phys ica l  condi t ions  once again  become 

imi t ing .  I n  deeper  o r  r e l a t i v e l y  s h e l t e r e d  l akes ,  

thermal s t r a t i f i c a t i o n  may be s e t  up over t h e  whole summer 

period dur ing  which t ime n u t r i e n t s  i n  a  poorly- i l luminated 
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1 hypolimnion may be  unava i l ab le  t o  most a l g a e  growing i n  
t h e  upper p a r t  of t h e  water column. 

The a l g a e  respond t o  t h e s e  changes by producing a  

success ion  of communities, u s u a l l y  dominated by one o r  

a  few s p e c i e s ,  which a r e  b e s t  adapted t o  e x p l o i t  t h e  

p r e v a i l i n $  e c o l o g i c a l  cond i t ions .  p he s h i f t s  i n  

dominance which r e s u l t  f r e q u e n t l y  conform t o  a  g e n e r a l i s e d .  

p a t t e r n :  diatoms i n  t h e  sp r ing ,  o f t e n  c l o s e l y  followed 

by a maximum of  c h r y s o p h y t e . ~ ; .  green  a l g a e  i n  e a r l y  

umrner, followed by blue-green a l g a e  and/or d i n o f l a g e l l a t e s  

n  mid- t o  l a t e  summer; and t h e n  a  secondary diatom peak 

tumn, d e c l i n i n g  over mid-winter b e f o r e  i n c r e a s i n g  

e7more i n  sp r ing .  Examples of l a k e s  showing a  

uccess ion  of  t h i s  type  w i l l  be  d i scussed  i n  s e c t i o n  2. 
. . 

d i f i c a t i o n s  o f ' t h i s  p a t t e r n  can sometimes be r e l a t e d  t o  .. 
. . .,. . . - ,  . 

e c i a l  c o n d i t i o n s  of l a k e  morphometry, n u t r i e n t  i n p u t  

c l i m a t i c  in f luence .  

The p o s s i b l e  i n t e r p r e t a t i o n  of such a  p a t t e r n  

pends t o  a l a r g e  e x t e n t  on knowledge of t h e  b io logy 

t h e  a c t u a l  a l g a e  o r  a l g a l  groups concerned. .., 

formation r e l e v a n t  t o  i n d i v i d u a l  s p e c i e s  w i l l  be  considered 

n  S e c t i o n  3 ,  b u t  c e r t a i n  group c h a r a c t e r i s t i c s  a r e  , ! 
s o  of  importance. The requirement of d i s s o l v e d '  

i c a  f o r  diatoms i s  w e l l  known (Lund, 1949 and l a t e r  

k s )  and t h e y  a r e  a l s o  a f f e c t e d  by changes i n  tu rbu lence  

nce thdy have no independent means o f  s t a y i n g  i n  suspension 

e.g. Reynolds, 1 9 7 3 ~ ) .  F l a g e l l a t e  a igae ,  i n  c o n t r a s t ,  

n  s w i m  towards t h e  s u r f a c e  i n  s t i l l  water ,  o r  may t a k e  

p  p o s i t i o n  a t  p a r t i c u l a r  p o i n t s  i n  t h e  water  column 

e.g. Heaney, 1976) . Blue-green a lgae .  can r e g u l a t e  . 

e i r  own buoyancy by t h e  . i n t e r n a l  product ion  of gas  

acuo les  ( s e e  Reynolds & Walsby, 1975) and i n  many cases  

n  a l s o  u t i l i s e  atmospheric n i t r o g e n  d i r e c t l y  ( s e e  Fogg 

t a l . ,  1973) .  It  has a l s o  been suggested (Moss, 19.73; 

hap i ro , .1973)  t h a t  blue-green a l g a e  may be less dependent 

n d i s s o l v e d  CO2 i n  t h e  water than ,  i n  p a r t i c u l a r ,  g 
r een  a lgae .  

g 
+c2 

i% Other p rocesses  implicated i n  determining p e r i o d i c i t y  

fi a r e  a l s o  impor tant  and may be  l e s s  c o n s i s t e n t  among t h e  
S- 
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members of a p a r t i c u l a r  a l g a l  group. An example i s  t h e  

problem of perennat ion ,  o r  how a l g a e  mainta in  a ( p o t e n t i a l )  

presence i n  a body of water  i n  per iods  when t h e y  may be 

unde tec tab le  i n  t h e  p lankton .  Lund (1949, 1954) concluded 

h a t  whi le  t h e  diatom Melosira  i t a l i c a  subsp, s u b a r c t i c a  

r enna tes  on t h e  bottom mud i n  Lake D i s t r i c t  l akes ,  

formosa and o t h e r  diatoms probably do not .  

hrysophytes and most d i n o f l a g e l l a t e s  e n c y s t -  b u t  many 

een a l g a e  r a r e l y  do so .  Some, b u t  n o t  a l l  blue-green 

gae produce spores  o r  a k i n e t e s  but ,  i n  a r e c e n t  s tudy 

o the r  & Fay, 1977),  t h e r e  w a s  l i t t l e  evidence t o  

g e s t  t h a t  t h e s e  w e r e  s t r i c t l y  devices  f o r  over-wintering. 

D i f f i c u l t i e s  i n  e x t r a p o l a t i n g  t h e  r e s u l t s  of l abora to ry  

ud ies  t o  f i e l d  s i t u a t i o n s  have l ed  t o  t h e  experimental  

n i p u l a t i o n  of n a t u r a l  o r  a r t i f i c i a l  water-bodies i n  an 

t tempt  t o  i n v e s t i g a t e  p a r t i c u l a r  f a c t o r s  under ly ing  some 

e c t s  of phytoplankton p e r i o d i c i t y .  A promising 

roach i s  t h a t  of i s o l a t i n g  a r e a s  of a l a k e  i n  experimental  

osu res ,  us ing  t h e  r e s t  of t h e  l a k e  a s  a ' c o n t r o l '  

stem (Lund, 1975, 1978).  However, such experiments 

o l v e  a l a r g e  a l l o c a t i o n  of time and f a c i l i t i e s  f o r  

mprehensive monitor ing i f  t h e  r e s u l t s  a r e  t o  be 

an ingfu l  and t h e i r  o p e r a t i o n  i s  beyond t h e  scope of 

b u t  a few s p e c i a l i s e d  i n s t i t u t i o n s .  

Electron-microscope s t u d i e s  of scale-bearing a l g a e  

The development of e l e c t r o n  microscopy a s  a means of 

e n t i f y i n g  sca le-bear ing  organisms may be t r a c e d  back 

1955, i n  which year  F o t t ,  Asmund, and Manton a l l  

b l i s h e d  micrographs of a l g a l  s c a l e s ;  soon a f t e r ,  

t e r s e n  & Hansen (1956),  H a r r i s  & Bradley (1957) and 

ahashi  (1959) made t h e i r  f i r s t  c o n t r i b u t i o n s  i n  t h i s  

Id .  These au thors  were t o  dominate t h e  g radua l  

u c i d a t i o n  of t h e  taxonomy of t h e s e  organisms, based 

n sub-l ight-microscopic s c a l e  cha rac te r s ,  over  t h e  

succeeding decade; Asmund and Takahashi con t inue  t o  

u b l i s h  r e s u l t s  from f reshwate r s ,  while more r e c e n t l y  

e t e r f i  ( 1 9 6 6  onwards), K r i s t i a n s e n  ( 1 9 6 9  onwards) and 
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i n v e s t i g a t i o n s .  Other workers (e .g .  Leadbeater ,  1 9 7 4 ;  

Thomsen, 1975; Manton, 1977) have worked mainly on marine 

c o l l e c t i o n s .  From an i n i t i a l  emphasis on t h e  s tudy of 

few spec ies  or  on c o l l e c t i o n s  from a smal l  a r e a ,  

u f f i c i e n t  information has  g radua l ly  been accumulated 

t o  al low comprehensive t r ea tmen t s  of whole genera t o  

be made: f o r  f r e shwate r s ,  t h e  s i g n i f i c a n t  i n t r o d u c t i o n s  

r revis" ions  concern Synura (Petersen  & ~ a n s e n ,  1956, 

1958; Balonov & Kuz'min, -1974) ; Mallomonas ( H a r r i s  & . 

P e t e r f i  & Momeu, 1976, 1977);  

(Har r i s ,  1966) ; Chrysosphaerel la  (Asmund, 

romonas (Takahashi, 1973) ; and 

i n  Norway (Thomsen, 1975) and i n  Japan 

akahashi,  1976) .  The preceding genera are a11 

of t h e  c l a s s  Chrysophyceae; sca le -  

a r i n g  members of t h e  c l a s s e s  Prasinophyceae and 
. , 

rymnesiophyceae (Haptophyceae) a r e  predominantly marine 

u r e  i n  t h e  p r e s e n t  study. 

I n v e s t i g a t i o n s  have t o  d a t e  been c a r r i e d  o u t  i n  

ome 1 2  c o u n t r i e s  ( s e e  Takahashi, 1978, f o r  a r e c e n t  

a r y )  b u t  w i t h i n  B r i t a i n  published r e c o r d s  a r e  

r g e l y  confined t o  t h e  work of K. H a r r i s  and D . E .  Bradley, 
! 

together  and independent ly,  over t h e  per iod  1957 - 1970. 

Most of t h i s  work w a s  based on c o l l e c t i o n s  from t h e  

a l though Bradley a l s o  c o l l e c t e d  near  

dinburgh (Bradley, 1966).  A l i m i t e d  amount of o t h e r  

work has been c a r r i e d  o u t  i n  B r i t a i n ,  concen t ra t ing  on 

one o r  a few s p e c i e s  a t  one t i m e :  Abdel K a r i m  (1965) 

, i l l u s t r a t e d  c e r t a i n  Mallomonas and Synura s p e c i e s  from 

Abbot's Pond and Priddy Pool ,  near B r i s t o l ;  Manton 

(1967) i l l u s t r a t e d  Mallomonas caudata from t h e  Lake 

D . i s t r i c t ;  Belcher ( 1 9 6 9 )  worked on two s p e c i e s  of 

Mallomonas from Lancashire;  ' a n d  Hibberd (1973, 1978, 

, 1 9 7 9 )  has  i n v e s t i g a t e d  t h e  cytology of c e r t a i n  spec ies .  

of Synura and Paraphysomonas. i n  c o l l e c t i o n s  of wi ld  o r i g i n  

from a number of l o c a l i t i e s .  A few s p e c i e s  of 

Mallomonas and Chrysosphaerel la  may be r e l i a b l y  determined 

with t h e  l i g h t  mLcroscope and so  o l d e r  r e c o r d s  .or those  
r 

32 
p from non-electron microscope s t u d i e s  a r e  a v a i l a b l e  i n  
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hese c a s e s '  b u t , f o r  t h e  m a j o r i t y  of s p e c i e s , e l e c t r o n -  

i c roscop ic  de terminat ion  i s  e s s e n t i a l .  There i s  thus  

till a cons ide rab le  l ack  05 knowledge of t h e  d i s t r i b u t i o n  

f these"nanoplankton"organisms. i n  B r i t a i n ,  p a r t i c u l a r l y  

n r e l a t i o n  t o  t h e  r e s u l t s  of more t r a d i t i o n a l  phytoplankton 

e s t i g a t i o n s  a s  mentioned e a r l i e r .  I n  a d d i t i o n ,  c e r t a i n  

p e c i e s  have been found so  few t imes  throughout  t h e  world 

h a t  more information concerning t h e i r  morphology and range 

E v a r i a t i o n  i s  needed. 

) Cyto log ica l  f e a t u r e s  of  d i f f e r e n t  c l a s s e s  .of a l g a e  

Electron-microscope cyto logy i s  now recognised  a s . a  

i c  t o o l  i n  a l g a l  sys temat ic s  and modern taxonomists 

ress v a r i o u s  degrees of c y t o l o g i c a l  un i fo rmi ty  f o r  t h e  

i t a t i o n  of allgal c l a s s e s  and h i g h e r . t a x a  (e.g.  Dodge, 

73; Leedale,  1974a).  The c e l l  o r g a n i s a t i o n  i n  each 

ss should t h e r e f o r e . t o  a l a r g e  e x t e n t  d i s p l a y  a charac- 

e r i s t i c  combination of f e a t u r e s  which d i f f e r s  from those  

a l l  o t h e r  c l a s s e s  and, depending on t h e  number of 

t o l o g i c a l  i n v e s t i g a t i o n s  y e t  c a r r i e d  o u t  upon members 

t h a t  c l a s s ,  t h e s e  f e a t u r e s  m a y  be w e l l  o r  l i t t l e  

ders tood,  whi l e  o t h e r s  may s t i l l  awai t  .discovery.  A .  
! 

view of t h e  f i n e  s t r u c t u r e  of a l g a l  c e l l s  should i n d i c a t e  j 

W f a r  s t u d i e s  of a l g a e  of p a r t i c u l a r  t y p e s  have progressed.  

r a s tudy  which would be based on a v a i l a b l e  c u l t u r a l  

t e r i a l ,  a s p e c i f i c  problem'could t h e n ' b e  s e l e c t e d  and 

he r e l e v a n t  organisms obta ined  from s tandard  sources;  

i t h  a s tudy  t o  be based on wi ld  m a t e r i a l ,  such a s  t h e  

n t . i n v e s t i g a t i o n ,  electron-microscope p r e p a r a t i o n s  of 

wide range  of organisms might r e v e a l  f e a t u r e s  which 

n o t  have been a n t i c i p a t e d  and which may themselves 

ompt f u r t h e r  study. Such an approach can  only  be  success fu l  

f t h e  i n v e s t i g a t o r  i s  f a m i l i a r  wi th  t h e  c u r r e n t  l e v e l  

of knowledge of a l g a l  u l t r a s t r u c t u r e  and can i d e n t i f y  

f e a t u r e s  r evea led  by t h e  e l e c t r o n  microscope which deserve. 

f u r t h e r  i n v e s t i g a t i o n .  

Access t o  t h e  r e s e a r c h  l i t e r a t u r e  i s  a v a i l a b l e  

through g e n e r a l  c e x t s  such a s  t h a s e  of Round (1973),  

S le igh  (1973) and Van den Hoek (1978),  t o g e t h e r  wi th  t h e  range  
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of b i b l i o g r a p h i e s  i n  Rosowski & Parker ( 1 9 7 1 )  ; . through 

reviews of t h e  whole f i e l d  of a l g a l  u l t r a s t r u c t u r e ,  such , 

a s  Dodge (1973, 1974) and' Leedale (197423, 1 9 7 6 ,  1978).; 

and through i n t r o d u c t i o n s  t o  t h e  u l t r a s t r u c t u r e  of 

ind iv idua l  a l g a l  groups,  v i z .  Duke & Reimann (1977) 

on diatoms, Hibberd (1976) on chrysophytes and prymnesiophytes, 

Pickett-Heaps (1975) on green  a lgae ,  Dodge (1971) and 

. Sar jean t  (1974) on dinof  l a g e l l a t e s  and Leedale  (1967) 

on euglenoids.  There i s  no comprehensive review of 

u l t r a s t r u c t u r e  of t h e  cryptomonads; e n t r y  t o  t h e  l i t e r a t u r e  

i s  p o s s i b l e  from . t h e  papers  of Santo.re & Greenwood (1977),  

Oakley & Dodge (1976);  F a u s t  ( 1 9 7 4 )  and Lucas (1970). 

The u l t r a s t r u c t u r e  of blue-green a l g a e  i s  o u t s i d e  t h e  

scope of t h e  p r e s e n t  s tudy;  a  sepa ra te  p r o j e c t  based on 

Sawley ~ e n e  w i l l  d e a l  w i t h  t h e  cytology of  t h e s e  organisms 

(H.A. Cmiech, t h e s i s  i n  p r e p a r a t i o n ) .  

Sec t ion  5 , o f  t h i s  t h e s i s  conta ins  d e t a i l e d  observat ions  

on a s p e c t s  o f t h e  u l t r a s t r u c t u r e  of four  spec ies ;  t h e  

l i t e r a t u r e  r e l e v a n t  t o  each  w i l l  be  reviewed a t  t h e  

appropr ia t e  p o i n t  i n  t h a t  sec t ion .  



SECTION 1 DESCRIPTION OF THE STUDY S I T E  

, a )  Location and H i s t o r i c a l  Background 

Sawley Dene, Nat. Grid Ref. SE 263667, l ies  a t  an 

l t i t u d e  of 113 m (370 f t )  and i s  s i t n a t e d  7 km south-west 

f  t h e  c i t y  of Ripon and 1 .5  km south-east  of t h e  v i l l a g e  

of Sawley i n  North Yorkshire, England, on t h e  approximate 

oundary between t h e  Yorkshire Dales and t h e  Vale of York. 

S gene ra l  l oca t i on  i s  shown i n  F ig s  1 and 2 and t h e  topography 

t h e  surrounding a rea  i n  Fig.  3. Sawley Dene l i e s  a  

o r t  d i s t a n c e  from t h e  ruined Fountains Abbey (A.D. 1132 - 
539) and t h e  o r i g i n a l  l ake  on t h e  s i t e  was const ructed  

a .  monastic fishpond assoc ia ted  .with.  t h e  Abbey, i n  a  

shy v a l l e y  on p a r t  of t h e  ~ b b e ~  e s t a t e  known a s  

t a i n s  Park. This name, and t h e  course  of t h e  monastic .,, 

may s t i l l  be t r aced  on c u r r e n t  maps. A s ix teen th-  
* 

ntury  d e s c r i p t i o n  of p a r t  of t h e  Abbey lands ,  produced 

r Henry.VII1 following t h e  suppression of t h e  Abbey, 

S been t r ansc r ibed  by Walbran (1863: p. 307 e t  seq. ) - 
d . inc ludes  t h e  following i t e m :  

! 

".One g r e a t e  poole o r  f i s h i n g e  pond c a l l y d  Great deane, , :. 
cont .by  estimation xv j  acrez ... ' i n c lo sed  wi th in  t h e  
parke c a l l y d  Fontaunce park, ne re  unto  t h e  . sa id  l a t e '  
Monasterie of ~ o n t a u h c e .  " 

The subsequent f a t e  of t h e  monastic l a k e  i s  obscure; . 

he e s t a t e  changed.hands s eve ra l  times dur ing succeeding 

e n t u r i e s  and eventual ly  t h e  l ake  was dra ined,  f o r  t h e  

s t  e d i t i o n  Ordnance Survey maps (surveyed 1848/9) show 

he o u t l i n e  of t h e  o ld  l ake  s t i l l  v i s i b l e  b u t  i t s  bed 

cupied by t h r e e . f i e l d s  and dra ined by a smal l  stream. 

e  e s t a t e  nex t  passed t o  t h e  f u t u r e  F i r s t  Marquess of 

ipon (d.  1909) and, on t h e  evidence of contemporary 

aps,  t h e  p r e sen t  l ake  appears t o  have been const ructed  

between 1896 and 1907l8. The o r i g i n a l  l ake  o u t l i n e  seems 

t o  have been fo l l owed~c lose ly ,  wi th  t h e  add i t i on  of c e r t a i n  

f e a t u r e s ' s u c h  a s  t h e  causeway and foot -br idge  ac ross  t h e  

nor th  end of t h e  l ake  and t h e  small  i s l and  i n  t h e  north-  

w e s t  corner  ( s ee  Fig. 4 ) .  A r e c e n t  a e r i a l  photograph 

(Fig. 5 )  con£ i r m s  t h a t  t h e  f e a t u r e s  shown on t h e  0. S. 

6-inch map (1910) ;re e s s e n t i a l l y  unchanged. 



Figs 1, 2 ,  Location of the study area, 

, . . .  . . . . = are& shown in' following Figure, 
. . . P  ..*. 





b)  Drainage and Topography 
The r e g i o n  i n  which Sawley Dene i s  s i t u a t e d  i s  crossed  

by a  number of east-f lowing '  r i v e r s  (F igs  2,  3 )  which r i s e  

i n  t h e  h i l l s  above t h e  Yorkshire  Dales and even tua l ly  j o i n  

t h e  south-eas t  f lowing River Ouse i n  t h e  V a l e  of York. 

Sawley Dene, however, i s  by-passed both by t h e  River S k e l l  

t o  t h e  n o r t h  and t h e  River Nidd t o  t h e  south,  r ece iv ing  

d ra inage  from only  a  small  a r e a  i n  i t s  immediate v i c i n i t y .  

I n  f a c t ,  t h e  v a l l e y  of The Dene would n a t u r a l l y  support  

a  s m a l l  s t ream only and might  even d r y  o u t  completely 

dur ing  summer ( s e e  p. 18) w e r e  it n o t  f o r  t h e  cons t ruc t ion  

of t h e  l ake .  Nevertheless ,  The Dene i s  a n a t u r a l  v a l l e y  

of cons ide rab le  propor t ions  and i t s  l ack  of a no tab le  

s t ream o r  r i v e r  r e q u i r e s  explanat ion .  

Examination of t h e  v a l l e y  contours  (Fig.  4 )  r e v e a l s  

a second p a r t  of t h e  v a l l e y  above t h e  head o f  t h e  l a k e  which 

s l o p e s  downwards towards t h e  nor th ,  i.e. i n  t h e  oppos i t e  

d i r e c t i o n  t o  t h e  p a r t  occupied by Sawley Dene. Together, 

t h e  two p a r t s  c o n s t i t u t e  a s i n g l e  channel which, i n  e f f e c t ,  

hanges i t s  d i r e c t i o n  of s l o p e  i n  mid-course. This  

hannel  i s  i n  such a p o s i t i o n  as  t o  l i n k  t h e  p r e s e n t  

v a l l e y s  of t h e  River S k e l l  and Picking G i l l / ~ a r k i n g t o n  Beck 

a t  a h igh  l e v e l  and it was suggested by Kendall  & Wroot 

(1924) t h a t  The Dene and s i m i l a r ,  l a r g e l y  d r y ,  channels  

immediately t o  t h e  nor th  and sou th  formed a r o u t e  f o r  

conveying t h e  waters  from t h e  River  U r e  southwards around 

t h e  edge of  a  s t a t i o n a r y  i ce - shee t  i n  a  per iod  of t h e  las t  

g l a c i a t i o n  when t h e  lower r eaches  of t h e  S k e l l  and o t h e r  

r i v e r  v a l l e y s  w e r e  blocked by ice. I n  a  more r e c e n t  s tudy 

Johnson (1969) p u t s  forward an  a l t e r n a t i v e  view t h a t  t h e  

, north-south r o u t e  of which The Dene would be  a p a r t  was 

fol lowed by s u b g l a c i a l  water  dur ing  a per iod  of genera l  i c e  

cover ,  b e f o r e  t h e  formation of t h e  present-day v a l l e y s  

which now c o n t a i n  t h e  Rivers  Laver, S k e l l ,  e t c . ,  e a s t  of 

t h i s  p o i n t .  There i s  ev idence- - tha t ,  i n . a  p r e - g l a c i a l  per-i-od, 

each of t h e  main r i v e r s  followed a  s u b s t a n t i a l l y  s t r a i g h t e r  

course  than  it does today (Johnson, 1974) .  

I t  would t h e r e f o r e  appear t h a t  The Dene was hollowed 

o u t  by a  l a r g e  volume of water  f lowing southwards during 

t h e  l a s t  g l a c i a l  per iod and t h a t  t h i s  and o t h e r  high- 

l e v e l  channels  were * p r o g r e s s i v e l y  abandoned a s  t h e  main 





r i v e r s  i n  t h e  a rea  assumed t h e i r  present-day courses .  

Since t h e  River S k e l l ,  a l i t t l e  t o  t h e  nor th  of The Dene, 

i s  now ca .  27 m (90 f t )  below t h e  mid-point of t h e  v a l l e y  

f l o o r ,  t h i s  d i v e r t s  almost a l l  of t h e  n a t u r a l  d ra inage  

away from Sawley Dene and l eaves  t h e  v a l l e y  l a r g e l y  dry.  

The water which Sawley Dene rece ives  i s  t h u s  der ived  

from a pure ly  l o c a l  catchment and it flows i n t o  t h e  l a k e  

from dra inage  channels through t h e  marshy a r e a  above t h e  

head of t h e  l ake  and from t h r e e  spr ings  i n  t h e  v a l l e y  

s i d e s  (Fig.  7 ) .  Water l eaves  t h e  lake v i a  an overflow 

channel i n  t h e  dam, al though during t h e  summer months t h e  

l a k e  l e v e l  may be t o o  low f o r  any outflow t o  occur.  

The e x i t  stream passes  i n t o  Markington Beck (Fig.  3)  

which u l t i m a t e l y  j o i n s  t h e  River Ure south of Ripon. 

c )  Geology and I o n i c  Composition of t h e  Water 

The geology of t h e  a r e a  i s  shown i n  t h e  nor the rn  p a r t s  

of s h e e t s  6 1  and 6 2  of t h e  l - inch  Geological Survey. 

Severa l  important geo log ica l  boundaries t r a v e r s e  t h e  r eg ion  

i n  a genera l  NNW-SSE d i r e c t i o n ,  among which t h a t  between 

t h e  Mil l s tone  G r i t  ( t o  t h e  west)  and t h e  Magnesian Limestone 

( t o  t h e  e a s t )  passes  2 - 3 km e a s t  of Sawley Dene and 

i s  exposed i n  t h e  v a l l e y  of t h e  River S k e l l  a t  Fountains  

Abbey. I n  r e s p e c t  of t h e  s o l i d  geology, t h e  Sawley Dene 

catchment a r e a  o v e r l i e s  Mi l l s tone  G r i t  and a s s o c i a t e d  

s h a l e s  and might t h e r e f o r e  be expected t o  d i s p l a y  an 

a c i d i c  cha rac te r ;  however, t h e  water i s  moderately 

a l k a l i n e  ( s e e  below) and t h i s  i s  presumed t o  be inf luenced 

p r imar i ly  by t h e  g l a c i a l  d r i f t  which extends i n t o  t h e  a r e a  

from t h e  e a s t  r a t h e r  than  by t h e  bedrokk. This  d r i f t  

has  a s i g n i f i c a n t  l imestone con ten t  (Edwards, 1938) 

and, a l though previous ly  mapped a s  not  extending a s  f a r  

west a s  Sawley Dene (Edwards, z. c i t . ;  Palmer, 1966) ,  

it probably cont inues s e v e r a l  km f u r t h e r  (J. Palmer, pe r s .  

comma; s e e  a l s o  p. 60).  The r e l e v a n t  d r i f t  s h e e t  of t h e  

l - inch  Geological Survey ( s h e e t  6 1 ,  d r i f t )  has  n o t  been 

publ ished.  

This g l a c i a l  d r i f t  i s  known a s  t h e  "newer d r i f t "  

( R a i s t r i c k ,  1933) and i s  be l ieved t o  d a t e  from t h e  l a s t  

g l a c i a l  re-advance i n  t h e  a rea .  Further  west, remnants of 

an "o lder  d r i f t "  occur which a r e  thought t o  d a t e  from a 



previous g l a c i a l  per iod;  t h e s e  a r e  s e v e r e l y  d i s s e c t e d  and 

d e c a l c i f i e d  (Penny, 1974) and would be  expected t o  y i e l d  

ion-poor waters  s i m i l a r  t o  those  of t h e  Mi l l s tone  G r i t  

bedrock. Measurements of t h e  pH of t h e  Sawley Dene water 

give v a l u e s  i n  t h e  range 7.6 - 8.2 (Table 6)  and t h e s e  

c o n t r a s t  w i t h  v a l u e s  obtained from water-bodies beyond t h e  

apparent  wes tern  l i m i t  of t h e  newer d r i f t  ( s e e  p. 6 0 ) -  

Chemical ana lyses  of two s u r f a c e  water  samples from 

Sawley Dene have been performed by M r .  J. Heron (Freshwater 

~ i o l o g i c a l  Associa t ion ,  Ambleside) and t h e  r e s u l t s  a r e  

given i n  Table 1. Also included i n  t h i s  Table  f o r  

comparative purposes a r e  d a t a  from t h e  l i t e r a t u r e  f o r  some 

a l k a l i n e  l a k e s  elsewhere (Brook, 1964; Reynolds, 1971) .  

The d a t a  from Brook (=. G.) r e f e r  t o  h i s  most a l k a l i n e  

category which ranges  from l a k e s  of s i m i l a r  a l k a l i n i t y  t o  

Sawley Dene t o  t h o s e  very  much more a l k a l i n e  and wi th  high 

i o n i c  concen t ra t ions .  From t h i s  comparison it can be 

een t h a t  none of t h e  i o n i c  concen t ra t ions  d e v i a t e  unduly 

rom "normal" v a l u e s  except  t h a t  su lpha te ,  n o t  recorded by 

rook, i s  somewhat high and r i v a l s  b ica rbona te  as t h e  

predominant anion,  reaching  a  v a l u e  s i m i l a r  t o  t h a t  

recorded by Reynolds (1971) i n  Crose M e r e  which has a 

g e n e r a l l y  r i c h e r  i o n i c  concen t ra t ion  t h a n  Sawley Dene. 

The reason f o r  t h e  high su lpha te  v a l u e  i s  undiscovered; 

according t o  Gorham (1958) t h e  m a j o r i t y  of s u l p h a t e  i n  

su r face  w a t e r s  i s  added through r a i n  and i s  of i n d u s t r i a l  

o r i g i n  b u t  t h i s  would seem u n l i k e l y  t o  apply  i n  t h e  p r e s e n t  

Moss (1973) compares v a l u e s  of a l k a l i n i t y  and pH 

repor ted  i n  t h e  l i t e r a t u r e  and shows t h a t  a l k a l i n i t y  v a l u e s  
- 

of 1.46 - 1.50 ( a s  meq. 1-I HCOj ) a r e  normally a s s o c i a t e d  

with pH 7.9 approx. Brook (1964) found a  r e l a t i o n s h i p  

which would sugges t  a  s l i g h t l y  h igher  va lue  (pH 8.2) .  

The e q u i l i b r i a  involv ing  p H  a r e  d i scussed  more f u l l y  i n  

Hutchinson (1957).  

d )  Lake Morphometry and Bathymetry 

Morphometric d a t a  f o r  Sawley Dene a r e  g iven  i n  

Table 2 .  The measurements of l e n g t h  and a r e a  a r e  based on 

t h e  1:2500 O.S. map (1908/9 survey) and t h e  d a t a  on depth  der 

from a bathymetr ic  survey conducted by t h e  au thor  and 



Table l, Concentra,tions of major ions i n  Sawley Dene and other waters. 

Ions Sawley Dene, surface Range from 1 4  Crose Mere, surface 
(mes. 1-l) 30.4.76 4.11.76 Scot t i sh  Lochs, pH May 1967 

>8,0 (Brook, 1964) ( ~ e ~ n o l d s ,  1971) 

CATIONS 

Total 30484 30378 5 068 

ANIONS 
- 

HCO3 1,498 1.460 . 1,20 - 2.70 3,260 
~ 0 4 ' -  1,282 1,222 no data 1,207 
c l -  0,765 0,753 0092 - 1067 . O o  590 

Note: data from Brook (1964) converted from pop.m. t o  meq, 1-I. 

Table 2, Morphometric data f o r  Sawley Dene, 

Whole lake Large basin only 

Overall length 650 m .525 m 
(inflow - outflow) 

. -. . - . . . . . M a x i m  width - . . .  . ,195 m 

Surface area . 9048 ha 8,46 ha 

Lake' volume 4 3 19.3 X 10 m 18,3 x 10 4 m 3 

Mean depth 2.2 m 

Maximum depth 4,6 m 

Length of perimeter 1 0 9 1  km 1.47 km 
Catchment area (including 0.784 km2 
water surface) (= 78,4 ha,) 



F i g .  5 A e r i a l  v iew of Sawley Dene, looking no r th .  
Arrow i n d i c a t e s  p o s i t i o n  of outf low.  

1 
I F i g .  6 View of  main b a s i n ,  looking  sou th  from 
l 
i t h e  i s l a n d  towards t h e  dam and ou t f low 

l (arrow) . 





M i s s  H.A. Cmiech i n  January  - March 1976, determining 

depths  by l e a d l i n e  along seven t r a n s e c t  l i n e s ;  t h e  depth 

contours  e s t a b l i s h e d  a r e  shown i n  Fig .  7 .  The approximate 

volume of water wi th in  each  0.5 m l a y e r  was c a l c u l a t e d  by 

mul t ip ly ing  t h e  l a y e r  t h i c k n e s s  by t h e  mean a r e a  enclosed 

by t h e  l i m i t i n g  upper and lower contours ,  and t h e  v a l u e s  f o r  

a l l  t h e  l a y e r s  were summated t o  g i v e  a  f i g u r e  f o r  t h e  

volume of water i n  t h e  l a r g e  bas in .  The mean depth  

was c a l c u l a t e d  a s  t h e  r a t i o  of volume : s u r f a c e  a r e a .  The 

e x t e n t  of t h e  catchment a r e a  ( inc lud ing  t h e  l a k e  su r face )  

was est imated a f t e r  p l o t t i n g  t h e  p o s i t i o n s  of  watersheds 

on to  t h e  1:25,000 O.S. map. 

The l a k e  f l o o r  s l o p e s  g e n t l y  from t h e  sha l low upper 

pool ( l a r g e l y  l m i n  dep th )  t o  t h e  maximum d e p t h  of 

4.6 m found c l o s e  t o  t h e  dam. Over ha l f  of t h e  main 

l a k e  a r e a  ( 6 5 % )  i s  less t h a n  2 . 5  m deep. I n  c ross-  

s e c t i o n  t h e  l ake  f l o o r  appears  ve ry  f l a t ,  i n c r e a s i n g  i n  

s l o p e  only  a t  t h e  edges; it i s  t h e r e f o r e  l i k e l y  t h a t  a  

s i g n i f i c a n t  amount of s i l t i n g  has  taken  p lace .  

Fig.  6 shows a  g e n e r a l  view of t h e  main bas in ,  

looking south-west from t h e  i s l a n d  towards t h e  dam and 

outf low (arrow).  The sha l low a r e a  colonised by 

Polygonum amphibium (foreground,  c e n t r e )  r e p r e s e n t s  one end 

of t h e  small  channel s e p a r a t i n g  t h e  i s l a n d  from t h e  north-west 

corner  of t h e  bas in ,  

e )  Climate and Hydrology 

The fol lowing d a t a  ( l a r g e l y  unpublished) a r e  g iven  

c o u r t e s y  of t h e  Meteorological  Off ice ,  Harrogate. 

The c l ima te  of t h e  r e g i o n  around Sawley Dene i s  g e n e r a l l y  

mois t  and no t  prone t o  extremes of temperature.  Annual 

p r e c i p i t a t i o n  a t  Sawley Dene i s  es t imated  t o  be  ca .  825 mm 

(based on 1 9 4 1  - 1970 a v e r a g e s ) ,  which may be compared wi th  

va lues  exceeding 1100 mm over  h igher  ground t o  t h e  west  

and va lues  below 675 mm i n  t h e  Vale of York. A t  t h e  

a l t i t u d e  of Sawley Dene, d a i l y  mean a i r  temperature may 
0 0 

be est imated t o  average 4 - 0  C i n  January and 16.8 C i n  

J u l y  (based on 1931 - 1960 a v e r a g e ) .  

Monthly r a i n f a l l  i s  t y p i c a l l y  below t h e  annual mean 

va lue  from February t o  June, sunshine exceeds t h e  annual  

mean from A p r i l  t o  September and mean d a i l y  a i r  temperature 



Fig, 7, ' Sawley Dene : depth cofitours and 
distribution of emergent macroghyte 
vegetation in main basin, 



i s  above i t s  annual mean from May t o  October. The lowest 

r a i n f a l l  and h i g h e s t  sunshine are t y p i c a l l y  recorded f o r  

June, whi le  t h e  months wi th  h i g h e s t  average d a i l y  maximum 

a i r  tempera tures  a r e  J u l y  ( 2 1 . 4 O ~ )  and August ( 2 0 . 8 O ~ ) .  

No s i n g l e  d i r e c t i o n  of p r e v a i l i n g  wind i s  apparent ,  

a l though W and SW winds a r e  t h e  most f r e q u e n t  i n  summer 

( d a t a  from 1932 - 1938 and 1951 - 1958).  NE and E winds 

a r e  t h e  r a r e s t  i n  annual t o t a l s .  

The a v a i l a b i l i t y  of p r e c i p i t a t i o n  f o r  a d i r e c t  con t r ib -  

u t i o n  t o  l a k e  inf lows depends on seasona l  l e v e l s  of 

evapo t ransp i ra t ion  and t h e i r  cumulat ive e f f e c t  on t h e  

s o i l  water  con ten t .  P o t e n t i a l  e v a p o t r a n s p i r a t i o n  i s  

es t imated  from Penman equat ions  involv ing  evapora t ion  

r a t e s ,  r a d i a t i o n ,  r e l a t i v e  humidity,  wind speed and a i r  

temperature b u t  it appears  t o  be r e l a t i v e l y  conse rva t ive  

over a wide a r e a  (Lockwood, 1967) a l though i t s  i n t e r a c t i o n  

wi th  r a i n f a l l  w i l l  produce va ry ing  l o c a l  p a t t e r n s  of 

s o i l  mois ture .  Smith . (1965: Fig.  11) compares Penman 

d a t a  w i t h  monthly r a i n f a l l  a t  Harlow H i l l ,  Harrogate  

(annual  p r e c i p i t a t i o n  803 mm) and it is  apparent  t h a t  

p o t e n t i a l  e v a p o t r a n s p i r a t i o n  e q u a l s  o r  exceeds r a i n f a l l  

du r ing  May/June/July and t h a t  t h e  s o i l  mois ture  remains 

below f i e l d  c a p a c i t y  u n t i l  e a r l y  September. S i g n i f i c a n t  

run-off ,  and thus  inf low t o  a l a k e  such a s  Sawley Dene, 

must t h e r e f o r e  be confined t o  t h e  months September - A p r i l  

i n  a n  average  year .  

The t h e o r e t i c a l  annual throughput  of  water  f o r  

Sawley Dene may be es t imated  from t h e  p r e c i p i t a t i o n  on 

i t s  catchment a r e a  and c o n s i d e r a t i o n  of t h e  q u a n t i t i e s  

r e t u r n i n g  t o  t h e  atmosphere wi thou t  c o n t r i b u t i n g  t o  l a k e  

outflow. The t h e o r e t i c a l  r e t e n t i o n  time, i . e .  t h e  mean 

res idence  t ime of water i n  t h e  l ake ,  may then  be c a l c u l a t e d  

by comparing t h e  l a k e  volume t o  t h e  mean ( c a l c u l a t e d )  

r a t e  of outf low.  

Values f o r  annual p r e c i p i t a t i o n ,  catchment a rea ,  

s u r f a c e  a r e a  and volume of Sawley Dene have been given 

above (p. 16 and Table 2 ) .  A t  sites i n  t h e  Harrogate a rea ,  

t h e  annual  p o t e n t i a l  e v a p o t r a n s p i r a t i o n  over t u r f  (est imated 

from meteorologica l  d a t a  by t h e  Penman method) has been 

c a l c u l a t e d  a s  412  mm a s  a long-term mean (16-22 ins :  Smith, 

1 9 6 4 )  and a s  3 7 1  mm, 390 mm and 4 1 0  mm f o r  s p e c i f i c  r e c e n t  



years (Lockwood & Venkatasawrny, 1975).  However, where 

runoff and r a i n f a l l  have been measured d i r e c t l y  over l a r g e  

and small catchments i n  t h e  a rea ,  a  d i f f e r ence  c l o s e  t o  

356 mm (14.0 i n s )  between t h e  two annual f i g u r e s  i s  

c h a r a c t e r i s t i c a l l y  observed (Penman, 1950; Smith, 1 9 6 6 ;  

Lockwood & Venkatasawmy, 1975) which i s  due p r i n c i p a l l y  

t o  t he  e f f e c t  of evapotranspi ra t ion ,  I n  t h e  p r e sen t  

ca lcu la t ion ,  t he r e fo re ,  t h e  value  of 356 mm w i l l  be used 

ins tead of t h a t  derived by t h e  Penman method t o  represen t  

annual evapo t ransp i ra t ion  over t h a t  p a r t  of t h e  catchment 

area  not occupied by open water,  

Evaporation from t h e  water su r face  may a l s o  be 

ca lcu la ted  by t h e  Penman method (Smith, 1964) but ,  again,  

observed va lues  a r e  s l i g h t l y  lower and t h e  f i g u r e  of 

487 mm ( 1 9 . 1 6  ins:  Smith, 1 9 6 4 )  w i l l  be used i n  t h e  

ca l cu l a t i on  below. The r a t i o  of observed va lue s  f o r  

evapotranspi ra t ion  over t u r f  : evaporation from open water 

i s  356:487 o r  0.73, which i s  s t i l l  c lo se  t o  t h e  va lue  of 

0.75 given by Peixnan (1948) with h i s  o r i g i n a l  de sc r ip t i on  

of t h e  method f o r  de r iv ing  t he se  values  by c a l c u l a t i o n .  



Area of catchment 2 78.4. ha (m X 104) 

Mean annual  p r e c i p i t a t i o n  .825 mm 

Annual volume of water 4 3  
= 64.7 X 10 m 

f  a l l . ing  i n  catchment 

Area of catchment 68.9 ha 
under v e g e t a t i o n  

Estimated annual amount" 
of evapo t ransp i ra t ion  

4 3 Annual - w a t e r  l o s s  = 24.5 X 10 m ( g )  = ( 3 )  X ( 4 )  
through evapo t ransp i ra t ion  

A r e a  of open water 9.5 ha (5)  

Estimated annual  amount 487 mm 
of evapora t ion  

Annual water  l o s s  4 3 
' =  4 . 6  X 10 m 

through evaporat ion 
from open water  , 

T h e o r e t i c a l  r a t e  of 4 3 -1 
= 3 5 . 6 ~ 1 0  m y  (g) 

outf low from lake  
(= in£ low l e s s  = (5) - ( g )  - ( c ) ,  per  year 
d i r e c t  evapora t ion)  

Volume of l a k e  4 3 
19.3  X 10 m (g) 

Th'e'or 'e't i'ca'l' R e ' t  e'nt i'o n  = 0.542 y = ' (g>/(g> ;, 

Time - - . '6' '5. m.n.yh' . . S a  ppr ox . 

It i s  probable t h a t  marked d e v i a t i o n s  from t h i s  t h e o r e t i c a l  

va lue  w i l l  occur i n  p r a c t i c e  wi th  only a  small  v a r i a t i o n  

i n  annual  r a i n f a l l .  T e s t  c a l c u l a t i o n s  sugges t  t h a t  a 

20% i n c r e a s e  i n  annual r a i n f a l l ,  w i th  no change i n  

evapo t ransp i ra t ion  r a t e s ,  would r e s u l t  i n  a  25% decrease  

i n  r e t e n t i o n  t i m e ,  whi le  a  20% decrease  i n  annual  r a i n f a l l  

would cause  t h e  r e t e n t i o n  time t o  i n c r e a s e  by 55%. 

The t h e o r e t i c a l  r e t e n t i o n  time of 6.5 months c a l c u l a t e d  

f o r  Sawley Dene i s  unusual ly  long f o r  a  small  lake ;  f o r  

comparison, Blelham Tarn ( a r e a  1 0 . 2  ha) has  a r e t e n t i o n  t ime 

of 1% monthsxwhile Windermere, Englandf S l a r g e s t  lake ,  

has  a  r e t e n t i o n  t ime of ca.  9 months (Lund, 1969) .  Some 

of t h e  Shropshi re  Meres, however, have very  long r e t e n t i o n  

t imes  (1 - 6 years:  Reynolds, 1976a) .  



f )  Na tu ra l  His to ry  and Management 

B io log ica l  a s p e c t s  of t h e  l a k e  a p a r t  from t h e  p lanktonic  

alga'e have n o t  been s y s t e m a t i c a l l y  i n v e s t i g a t e d ;  t h e  

fol lowing information i s  included a s  a pre l iminary  .account 

based on c a s u a l  observa t ions  'by t h e  author  and supplemented 

by informat ion  from M r .  T.S. Crosby on f lower ing  p l a n t s  

and M r .  E.E.  Binns on f i s h i n g  and 1ake.management. 

The most f r equen t  zooplankton organisms seen were t h e  

Cladoceran Daphnia sp.  wi th  t h e  R o t i f e r s  X e r a t e l l a  c o c h l e a r i s  

and - K. quadra ta .  Cyclops sp.  (Copepoda) was occas iona l ly  

p r e s e n t  a s  w e r e  a few Heliozoa, t h e  most n o t i c e a b l e  of 

which were s p e c i e s  of Acan'tho'cys'tis a'nd Raphidocys t i s  

( see  p. 5 4 ) .  

The l a k e  i s  used p r i n c i p a l l y  f o r  f i s h i n g  and i s  stocked 

each s p r i n g  wi th  some 200 - 250 Brown Trout  (Salmo t r u t t a  

morpha f a r i o )  and a s i m i l a r  number of Rainbow Trout 

(Salmo g a i d n e r i  i r i d e u s ) .  Apart  from t h e s e  f i s h  t h e  

only s p e c i e s  t o  be found. i n  t h e  l a k e  i s  t h e  .eel ,  Anguilla 

a n g u i l l a  . 
A v a r i e t y  of water b i r d s  v i s i t  Sawley Dene b u t  no 

l a r g e  f l o c k s  have been seen during t h e  p r e s e n t  s tudy.  

Species  noted inc lude  Heron, Ardea c i h e ~ e a ;  Mallard,  

Anas p l a  tyrhyncos; Moorhen,' Ga'l'l'i'nula chloropus;  

Candda Goose, Branta canadensis ;  and Grea t  Crested Grebe, 

Podiceps c r i s t a t u s .  

There i s  n o a t e n s i v e  development of macrophyte 

v e g e t a t i o n  a c r o s s  t h e  l a k e  su r face .  A few well-defined 

s t ands  occur  a t  some p a r t s  of t h e  l a k e  margin (Fig .  7 ) ;  

t h e s e  comprise Polygonurn ampliibium L. a long p a r t s  of t h e  

south-eas t  shore,  ' Sc'h'o'eno'p'lec't'us' ' tabernaemontani 

( C . C .  Gmelin) P a l l a  c l o s e  t o  t h e  southern edge of t h e  

i s l a n d  ( v i s i b l e  i n  Fig.  6 )  and small: q u a n t i t i e s  of 

Juncus e f f u s u s  L.  wi th  some Sp'arganium erectum L. i n  

some.places  near  t h e  north-west bank of t h e  main bas in .  

A t r i a n g u l a r  f e n  a rea  occupies t h e  south-west corner  of 

t h e  upper bas in  and con ta ins  Carex v e s i c a r i a  L . ,  Sparganium 

erectum, F i l i p e n d u l a  ulmaria  (L. ) Maxim. and I r i s  pseudacorus L. 

Above t h e  head of t h e  l a k e  l i e s  a reg ion ,  formerly 

marsh, d ra ined  by t h e  channels which e n t e r  t h e  l a k e  from 

t h e  nor th .  This  a r e a  has  been p lanted  w i t h  widely-spaced 
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Populus n i g r a  L. and some S a l i x  spp. ; t h e  bulk  of t h e  

open a rea  con ta ins  a . t a l l ,  g rassy  v e g e t a t i o n  which i s  

c h i e f l y  Calamoqrostis canescens (Weber) Roth and P h a l a r i s  

arundinacea L . ,  t o g e t h e r  wi th  Ir is  pseudacorus, Juncus e f f u s u s  

and F i l ipendu la  u lmar ia .  The north-west bank of t h e  

upper bas in  and most of t h e  i s l a n d  a r e  occupied by 

Rhododendron ponticum ,L. and t h e  remainder of t h e  v a l l e y  

s i d e s  a r e  covered by l a r g e l y  coni ferous  woodland, wi th  

Picea spp.,  Lar ix  dec'idua M i l l e r  ,' Tsuga canadens is  (L.  ) 

Carr.  and Pinus s y l v e s t r i s  L. The few broad-leaved trees 

inc lude  Betula  pubescens Ehrh., Acer pseudoplatanus L. 

and Alnus q l u t i n o s a  (L. ) Gaertn. ,  t h e  l a t t e r  p a r t i c u l a r l y  

a t  t h e  water edges. 

The higher  p a r t s  of t h e  catchment a r e a  (F igs  4 ,  5 )  

a r e  occupied by p a s t u r e . a n d  used f o r  graz ing .  There i s  

a s i n g l e  human dwell ing w i t h i n  t h e  catchment, a c o t t a g e  

above t h e  south-west bank of t h e  main b a s i n  ( v i s i b l e  i n  

F ig .  5 )  which has  'no mains dra inage  and may t h u s  c o n s t i t u t e  

a minor source of n u t r i e n t  i n p u t  t o  t h e  l ake .  

The v e g e t a t i o n  of t h e  r eg ion  has been d i scussed  by 

Lees i n  t h e  c l a s s i c  !'Flora of W e s t  Yorkshire" (1888) ' bu t ,  

a p a r t  from some a d d i t i o n a l  r ecords  i n  t h e  form of a .  

supplement (Eees, 1941) ,  no more r e c e n t  account  of t h i s  

a spec t  of t h e  a r e a  e x i s t s .  
/ 



SECTION 2 SEASONAL PATTERNS OF VARIATION W I T H I N  SAWLEY DENE 

I n t r o d u c t i o n  

Th i s  Sec t ion  p resen t s  informat ion  on v a r i a t i o n  of 

temperature and d i s so lved  oxygen during t h e  s tudy period,  

on changing l e v e l s  of phytoplankton biomass as represented  

by ch lo rophy l l  - a concen t ra t ion  and Secchi  d i s c  v i s i b i l i t y ,  

and on t h e  composition of t h e  success ive  phytoplankton 

communities. Populat ion dynamics of i n d i v i d u a l  spec ies  

w i l l  be  cons idered  i n  d e t a i l  i n  SectLon 3. The p r e s e n t  

Sec t ion  i s  concerned wi th  t h e  c h a r a c t e r i s a t i o n  of Sawley 

Dene i n  t e r m s  of t h e  a l g a l  popu la t ions  it suppor t s ,  w i th  

comparison of phytoplankton biomass and p e r i o d i c i t y  i n  

t h i s  and o t h e r  l akes ,  and wi th ,  a s t a t i s t i c a l  a n a l y s i s  

of community change. 

M a t e r i a l s  and Methods 

(i) The Study Per iod  

The d a t a  presented i n  t h i s  and t h e  fo l lowing Sect ion  

were obta ined  during 75 v i s i t s  t o  Sawley Dene-over t h e  

pe r iod  March 1976 - J u l y  1978. Reference w i l l  be  made 

t o  each sampling v i s i t  by t h e  week i n  which it occurred,  

numbered 1-52 f o r  each year;  t h e  y e a r s  w i l l  be d i s t ingu i shed  

by d e s i g n a t i n g  the.weeks of-  1976 a s  la-52a, 1977 as lb-52b, 

and 1978 a s  lc-52c. A l is t  of sampling d a t e s ,  wi th  t h e  

week t o  which each corresponds,  i s  g iven  i n  Appendix I. 

(ii) General Sampling Procedure 

Two sampling s t a t i o n s  were e s t a b l i s h e d  i n  March 1976 

f o r  r o u t i n e  measurements: S t a t i o n  A, a t  t h e  deepes t  po in t  

i n  t h e  l a k e  (4.6m), ca .  37 m from t h e  dam outf low; and 

S t a t i o n  B ,  i n  t h e  c e n t r e  of t h e  main water body, c a .  97  m 

from t h e  shore  on each s i d e ,  a t  a depth of 2.5 m. The 

p o s i t i o n s  of t h e  sampling s t a t i o n s  a r e  shown on Fig.  7 .  

Both s t a t i o n s  were marked by anchored buoys 'and reached 

by rowing-boat. Sampling took p l a c e  between llOOh and 

1200h except  where o therwise  i n d i c a t e d .  The fol lowing 

measurements/samples were t aken  over  a l l  or  p a r t  of t h e  

s tudy per iod:  no tes  on p r e v a i l i n g  weather cond i t ions ,  water 

l e v e l ,  e x t e n t  of i c e  cover,  e t c . ;  measurements of water 



temperature and d i s s o l v e d  oxygen l e v e l s ;  e s t i m a t i o n  of 

Secchi d i s c  v i s i b i l i t y ;  and c o l l e c t i o n  of net-tow 

samples and volumetr ic  water  samples f o r  c h l o r o p h y l l  

a  es t imat ion ,  a l g a l  i d e n t i f i c a t i o n  and counts ,  and f o r  - 
providing l i v i n g  and f i x e d  m a t e r i a l  f o r  f u r t h e r  s t u d i e s  

(Sect ions  4 and 5 of  t h i s  t h e s i s ) .  

(iii) Temperature and Dissolved Oxygen 

Temperature and d i s s o l v e d  oxygen were measured us ing  

a  Mackareth probe (combined r e s i s t a n c e  thermometer and 

s i l v e r / l e a d  e l e c t r o d e ) ,  express ing  d i s so lved  oxygen l e v e l s  

a s  % s a t u r a t i o n  a t  t h e  measured temperature us ing  a  

c a l i b r a t i o n  c h a r t  supp l i ed  wi th  t h e  ins t rument  (Freshwater 

Bio logica l  Associa t ion ,  Windermere). The probe was 

lowered t o  s e l e c t e d  dep ths  from a s t a t i o n a r y  boa t  c l o s e  t o  

each sampling s t a t i o n .  A t  S t a t i o n  A measurements of 

temperature and d i s s o l v e d  oxygen were taken  a t  t h e  water  

su r face  ( i .e .  w i t h i n  t h e  upper 10 cm), a t  d e p t h s  of 2 m 

and 4 m w i t h i n  t h e  w a t e r  column, and a t  t h e  bottom wi th  

t h e  probe r e s t i n g  on t h e  mud surface ;  a t  S t a t i o n  B 

measurements were t aken  a t  t h e  sur face ,  2 m dep th  and t h e  

bottom. A f t e r  A p r i l  1977 measurements were taken  a t  t h e  

su r f  ace  only.  From October 1977 a  mercury-in-glass 

thermometer was used and t h e  d isso lved  oxygen measurements 

were d iscont inued.  The above measurements were c a r r i e d  

o u t  j o i n t l y  by t h e  au thor  and M i s s  H.A. Cmiech. 

( i v )  Phytoplankton 

Transparency of t h e  w a t e r  a t  t h e  time of  sampling was 
i n v e s t i g a t e d  wi th  a  Secchi  d i s c  of diameter 15.5 cm, which 

was lowered over t h e  shaded s i d e  of t h e  b o a t  and i t s  l i m i t  

of v i s i b i l i t y  recorded a t  each sampling s t a t i o n .  Plankton- 

n e t  'samples were obta ined  by towing a  n e t  of  10 pm nominal 

mesh s i z e  through t h e  s u r f a c e  water i n  t h e  open p a r t  of 

t h e  lake.  V e r t i c a l  tube  samples f o r  ch lo rophy l l  a  

es t imat ions  and a l g a l  coun t s  were taken wi th  a  l e n g t h  of 

polythene hose ( i n t e r n a l  diameter  1 6  mm) lowered t o  a  

depth of 4 m ( S t a t i o n  A) o r  2 m ( S t a t i o n  B ) ,  t h e  sample 

being r e t r i e v e d  us ing  a s t r i n g  a t tached t o  t h e  lower end of 

t h e  hose a s  desc r ibed  by Lund ( 1 9 4 9 ) ;  repea ted  samples 

were bulked t o  g i v e  a  f i n a l  sample volume of  a t  l e a s t  

1 .5 1. Samples were t r a n s p o r t e d  t o  t h e  l a b o r a t o r y  i n  
g l a s s  o r  polythene ' conta iners  wi th in  1 - 2 h  of c o l l e c t i o n .  



The net-tow samples, concen t ra ted  by c e n t r i f u g a t i o n  where 

necessary ,  were examined i n  a Re icher t  Zetopan microscope 

f o r  i d e n t i f i c a t i o n  of t h e  s p e c i e s  p r e s e n t  and f o r  a 

p re l iminary  assessment of t h e i r  r e l a t i v e  abundance. A 

semi -quan t i t a t ive  s c a l e  was adopted whereby t h e  a l g a e  were 

f i r s t  concent ra ted  u n t i l  an  approximately c o n s i s t e n t  "dense" 

suspension w a s  obtained,  judged empi r i ca l ly ,  and a s i n g l e  

drop  of t h i s  was placed on a microscope s l i d e ,  wi thou t  a 

cover - s l ip ,  s u f f i c i e n t  t o  cover  ca .  25 f i e l d s  of view a t  

low power (x10 o b j e c t i v e ) .  The drop was t h e n  scanned f o r  

i n d i v i d u a l s  (i .e.  c e l l s ,  f i l a m e n t s  o r  c o l o n i e s )  of  each 

s p e c i e s ,  which were recorded on t h e  fo l lowing b a s i s :  

ca tegory  4 ("dominant"),  more t h a n  100 i n d i v i d u a l s  p e r  

f i e l d  of view a t  low power; ca tegory  3 ("abundant") , 
10 - 100 i n d i v i d u a l s  per  f i e l d  of view; ca tegory  2 

("common"), 1 - 10 i n d i v i d u a l s  pe r  f i e l d  of view; 

ca tegory  1 ( " s p a r s e " ) ,  1 i n d i v i d u a l  every few f i e l d s  of 

view, o r  approximately 3 - 25 i n d i v i d u a l s  i n  t h e  whole 

drop; and ca tegory  "+" ' ( " t r a c e " ) ,  less than  3 i n d i v i d u a l s  seen 

i n  t h e  drop.  This  s c a l e  t h e r e f o r e  r e f l e c t s  t h e  r e l a t i v e  

abundance of organisms i n  an .approximate ly  logar i thmic  manner; 

t h e  e x t e n t  of  i t s  correspondence wi th  t h e  r e s u l t s  of more 

p r e c i s e  coun t s  based on t h e  tube  samples w i l l  be d i scussed  

l a t e r .  

Cons idera t ion  of t h e  complete set of net-tow r e c o r d s  

enabled t h e  constancy (average % presence over  t h e  two- 

year  pe r iod)  of each s p e c i e s  t o  be  c a l c u l a t e d .  However, 

a l lowance w a s  necessary f o r  t h e  f a c t  t h a t  some summer pe r iods  

were p a r t i c u l a r l y  wel l - represented  i n  t h e  samples, whi l e  

a few gaps occurred a t  o t h e r  t imes.  It was t h e r e f o r e  

decided t o  a s s e s s  constancy on a f o r t n i g h t l y  b a s i s ,  a l l  

occurrences  noted wi th in  any one f o r t n i g h t  count ing  a s  one 

record .  Three f o r t n i g h t s  over  t h e  two-year pe r iod  were 

n o t  r ep resen ted  by any samples; t h e s e  were weeks 

26a/27at 1 0 c / l l c  and 24c/25c. I n  t h e s e  cases ,  s u i t a b l e  

v a l u e s  were i n t e r p o l a t e d  f o r  s p e c i e s  which could  be presumed- 

t o  have had an un in te r rup ted  presence over t h e  f o r t n i g h t  i n  

ques t ion .  Constancy r a t i n g s  were then  ass igned t o  each 

s p e c i e s  a s  fol lows:  c l a s s  A ( " c o n s t a n t " ) ,  p r e s e n t  i n  over 



75% of records ;  c l a s s  B ( " r e c u r r e n t " ) ,  p r e s e n t  i n  55 - 75% 

of records;  c l a s s  C ( " i n t e , m i t t e n t V ) ,  p r e s e n t  i n  35 - 55% 

of records ;  c l a s s  D ( " o c c a s i o n a l " ) ,  p r e s e n t  i n  15 - 35% 

of records;  and c l a s s  E ( " i n f r e q u e n t " ) ,  p r e s e n t  i n  l e s s  

than 15% of r ecords .  

Por t ions  of t h e  net-tow samples were preserved by 

add i t ion  of Lugol 's  i o d i n e  ( 2 - 3 drops p e r  15 m 1  sample) 

and subsequent s t o r a g e  i n  t h e  dark a t  12Oc .  These samples 

were used t o  check any r e c o r d s  where a l g a l  i d e n t i t y  o r  

abundance might be c a l l e d  i n t o  ques t ion  a t  a l a t e r  d a t e .  

Chlorophyll  de terminat ions  were c a r r i e d  o u t  us ing  

t h e  method of T a l l i n g  ( i n  Vollenweider, 1974) ,  incorpora t ing  

t h e  c o r r e c t i o n  f o r  phaeophytin. Whatmans GF/C f i l t e r  

paper was used t o  f i l t e r  t h e  organisms from a known 

volume of t u b e  sample and ch lo rophy l l  w a s  e x t r a c t e d  

using 9 0 %  ace tone  i n  t h e  dark  f o r  1 h a t  ~ O C .  ~ b s o r b a n c e  

of t h e  e x t r a c t  was measured a t  750 nm and 6 6 5  nm, before  

and a f t e r  a c i d i f i c a t i o n  wi th  a drop of 1 N  HC1,  us ing 

a Unicam SP 600 spectrophotometer and g l a s s  c u v e t t e s  of 

path-length 1 cm. Chlorophyll  a concen t ra t ions  were - 
ca lcu la ted  from t h e  abbrevia ted  formula of T a l l i n g  & 

Driver  (1963).  

(v)  S t a t i s t i c a l  Procedures 

A s t a t i s t i c a l  method w a s  sought which would enable  

t h e  changes i n  community s t r u c t u r e  t o  be d isp layed g r a p h i c a l l y  

upon axes r e p r e s e n t i n g  t h e  i n t r i n s i c  s p e c i e s  d i v e r s i t y  

of t h e  phytoplankton i n  t h i s  system. By t h i s  means 

it was envisaged t h a t  d e t e c t i o n  of a seasona l  p a t t e r n  and 

of between-year v a r i a b i l i t y  would be more s t r a igh t fo rward ,  

while a t  t h e  same t ime informat ion  on a g r e a t e r  number of 

spec ies  could be incorpora ted  than  would be p o s s i b l e  wi th  

more t r a d i t i o n a l  methods of d a t a  summary. 

Appropriate  s t a t i s t i c a l  methods, which w i l l  produce 

a p l o t  on which t h e  d i s t a n c e  between p o i n t s  (samples) 

r e f l e c t s  t h e i r  degree  of f l o r i s t i c  s i m i l a r i t y ,  have been 

reviewed r e c e n t l y  by Whittaker (1978) . For computational 

ease  t h e  nonparametric method of Bray & C u r t i s  (1957) 

was appl ied  t o  t h e  p r e s e n t  da ta ;  more complex analyses ,  
e .g .  p r i n c i p a l  components a n a l y s i s ,  could a l s o  be employed, 

b u t  t h e i r  suggested improved " o b j e c t i v i t y "  (Anderson, 1 9 7 1 )  



does n o t  remove t h e  most impor tant  l i m i t a t i o n s  of t h e  

method, such a s  t h e  d i s p r o p o r t i o n a t e  in f luence  of ou t ly ing  

p o i n t s  ( i . e .  anomalous samples) ,  o r  t h e  probable non- 

l i n e a r i t y  of axes of v a r i a t i o n  i n  na tu re .  I n  any case,  

p r i n c i p a l  components a n a l y s i s ,  when appl ied  t o  phytoplankton 

popula t ions ,  produces s i m i l a r  o r g a n i s a t i o n s  of t h e  d a t a  

t o  those  der ived  by s impler  methods ( B a r t e l l ,  1973, 

i n  B a r t e l l  e t  a l . ,  1978) .  -- 
S i m i l a r i t y  c o e f f i c i e n t s  between samples a r e  r equ i red  

f o r  t h e  s t a t i s t i c a l  a n a l y s i s ;  t h e s e  may be based simply on 

t h e  number of s p e c i e s  two samples have i n  common compared 

w i t h  those  unique t o  each sample, o r  may incorpora te  some 

measure of abundance s o  t h a t  two samples wi th  a  dominant 

s p e c i e s  i n  common a r e  considered more s i m i l a r  than  two 

samples wi th  a  r a r e r  s p e c i e s  i n  common. Such d i s t i n c t i o n s  

have been t h e  s u b j e c t  of some d i s p u t e  ( B a r t e l l  e t  a l . ,  1978) ,  -- 
b u t  were considered of s u f f i c i e n t  v a l u e  t o  adopt i n  t h e  

p r e s e n t  procedure. The semi-quant i ta t ive  s c a l e  descr ibed  

above (p.  25) was used as t h e  numerical  b a s i s  f o r  t h e  

s t a t i s t i c a l  a n a l y s i s  and s i m i l a r i t y  between any two 

samples (e.g.  sample "M" and sample "N") w a s  expressed 

us ing  a modified S$rensen c o e f f i c i e n t  (Van d e r  Maarel, 1969):  

c o e f f i c i e n t  of s i m i l a r i t y ,  C = 2 P inn 

where P;m r e p r e s e n t s  t h e  sum of s p e c i e s  abundance va lues  i n  

sample M, and Pn l ikewise  f o r  sample N: Pmn r e p r e s e n t s  

t h e  sum of t h e  smaller  abundance va lues  f o r  each s p e c i e s  

common t o  both samples. A specimen c a l c u l a t i o n  i s  g iven  

i n  Appendix 111. The abundance va lues  a r e  on t h e  s c a l e  

0 - 4 ,  w i th  "+" transformed t o  0 .5  i n  order  t o  inc lude  it 

i n  t h e  c a l c u l a t i o n .  

Data on e ighteen  s p e c i e s  ( a l l  t h e  "major" spec ies  

l e s s  Cryptomonas and Coelosphaerium, f o r  which complete 

d a t a  s e t s  were lacking)  were used a s  t h e  b a s i s  f o r  community 

d e s c r i p t i o n ' a n d  t h e  c a l c u l a t i o n  of s i m i l a r i t y  c o e f f i c i e n t s  

( s e e  Appendix 111). The remaining spec ies  f l u c t u a t e d  t o o  

c l o s e  t o  t h e  l i m i t  of d e t e c t i o n  f o r  t h e  e f f e c t s  of sampling 

e r r o r  t o  be discounted.  

The cons t ruc t ion  of t h e  o r d i n a t i o n ,  by which a  g r a p h i c a l  



summary of t h e  d a t a  i s  produced, was c a r r i e d  o u t  according 

t o  Bray & C u r t i s  (1957),  X- and Y- va lues  being assigned 

t o  each sample on t h e  b a s i s  'of i t s  r e l a t i v e  s i m i l a r i t y  t o  

" reference  s e t s "  r e p r e s e n t i n g  major axes  of v a r i a t i o n  wi th in  

t h e  d a t a  ( s e e  Appendix 111). On t h e  r e s u l t i n g  p l o t s ,  

po in t s  possess ing  a high degree of f l o r i s t i c  s i m i l a r i t y  

a r e  ord ina ted  t o  s i m i l a r  reg ions ,  while  long d i s t a n c e s  

sepa ra te  h i g h l y  d i s s i m i l a r  po in t s .  I n s e r t i o n  of a 

chronologica l  a x i s ,  l i n k i n g  t h e  p o i n t s  r e p r e s e n t i n g  success ive  

samples through t h e  season, enables  r a t e s  of community 

change t o  be es t ima ted  from t h e  d i s t a n c e s  between t h e  po in t s ;  

t h e  community s t r u c t u r e  a t  any one time i s  r e f l e c t e d  by 

t h e  l o c a t i o n  of t h e  equ iva len t  p o i n t  on t h e  p l o t .  

Resu l t s  

(i) Temperature and Dissolved Oxygen 

Surface  water  temperatures  w e r e  t aken  b e f o r e  noon and 

thus  may n o t  r e p r e s e n t  t h e  maximum d a i l y  v a l u e s  which occur,  

but  t h e  r e s u l t s  from S t a t i o n  B (Figs  8 - 10) show an annual 

range from f r o z e n  c o n d i t i o n s  t o  va lues  approaching 25O~.  

Measurements from S t a t i o n  A fo l low t h e  S t a t i o n  B va lues  s o  

c l o s e l y  . (wi th in  0 . 3 O ~  on most occasions,  s e e  Fig .  11) t h a t  

t h e  S t a t i o n  B v a l u e s  a r e  r e p r e s e n t a t i v e  of t h e  p a t t e r n  

f o r  each year  and a l low t h i s  t o  be compared w i t h  monthly 

c l i m a t i c  d a t a  es t imated  f o r  t h e  r eg ion  a s  a whole, which 

a r e  a l s o  inc luded i n  F i g s  8 - 10. 

I n  1976 t h e  t h r e e  months June - August had temperatures  

c o n s i s t e n t l y  above average wi th  very  low r a i n f a l l ,  and t h e  
1 

e x t e n t  of s t r a t i f i c a t i o n  i n  t h e  water column was measured 

a t  both s t a t i o n s ;  t h e  d a t a  from S t a t i o n  A,  where t h e  

deepes t  column could be sampled, a r e  presented  i n  F ig .  1 2  

a s  a depth-time diagram. P e r s i s t e n t  summer s t r a t i f i c a t i o n  

was found n o t  t o  occur al though temporary thermal  g r a d i e n t s  

of up t o  ~ O C  between bottom and su r face  were found on two 

occasions fo l lowing pe r iods  of r ap id  su r f  ace  hea t ing .  

The water was i so thermal  on many occasions i n  spr ing ,  summer 

and autumn, and temperature inve r s ion  occurred  when cond i t ions  

approached f r e e z i n g  i n  December. Measurements made i n  

t h e  s h o r t e r  water  column a t  S t a t i o n  B showed s i m i l a r  behaviour 

t o  t h a t  of t h e  upper 2 m of t h e  column a t  S t a t i o n  A. 



Figo 8, Water temperature and climat'ic data, 1976, 

Figo 9, Water telnperature and climatic data, 1977. 
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Fig, 10, Water temperature and climatic data, 1978, 

Fig. 11, Water temperature: variation between sampling stations 
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Fig. 12, Depth - time variat ion i n  water temperature, Station A ,  1 ~ 7 6 ~  
 s so therms i n  'C) 

ire 
DEPTH 
.metres , 

. . .  r O  

13 
. . .  . . 

. . 
A 4.6 

1976 
25 30 35 40 45 50 

I ~ I I ! I I I I I I I I I I I I I ~ I I ~ ~ ~ I ~ I I ~ I  
-- 

MAY I JUN 1 JUL AUG 1 SEP I OCT 1. (NO?/ -- p?- p 

. . ... _ . , . , - areas also showing oxygen depletion t o  < 2% s a h ~ a t i o n  ..... (see text ) ,  

! 

Table 3, Dissolved oxygenlevels, May -November1976. i 

Oxygen l eve l  ($ saturation) Nunber of 
Sample point mean range SODo deterbinations 

STATION A 
surf ace 850 9 66 - 14.5 18,40 2 2 
2 m depth 75-7 51 - 113 14,11 2 0 
4 m depth 580 5 5 - 92 25.80 21 
bottom 140 9 3 - 35 8085 18 

STATION B 
surf ace 

, 2 m depth 72& 27 - 90 13.73 .21 
bottom 2101 , , 7  - 35 8,78 18 



Dissolved oxygen l e v e l s  were monitored a t  s e l e c t e d  

depths a t  both  s t a t i o n s  from May 1976 t o  A p r i l  1977 

but  v a l u e s  showed cons iderable  week-to-week f l u c t u a t i o n s ,  

t h e  only  c l e a r  t r e n d  being t h a t  of d e c l i n i n g  oxygen wi th  

inc reas ing  depth  (Table 3 ) ,  a p a r t  from a s m a l l  degree 

of deoxygenation i n  t h e  bottom 0.5 m of water  a t  S t a t i o n  A 

a t  t imes dur ing  t h e  summer (Fig .  1 2 )  . 
(ii) Phytoplankton 

Peaks of biomass were d e t e c t e d  by .ch lorophyl l  - a 

analyses  dur ing  1976 and were found a l s o  t o  be  r e f l e c t e d  

i n  Secchi  d i s c  readings  which were cont inued over a  

longer pe r iod .  S ince  t h e  t h e o r e t i c a l  c o r r e l a t i o n  between 

Secchi d i s c  depth  (ZSD)  and t h e  c o n c e n t r a t i o n  of l i g h t -  

s c a t t e r i n g '  p a r t i c l e s  i s  of an i n v e r s e  type  (see p. 3 7 ) ,  

a p l o t  of l / Z S D  w i l l  show biomass peaks i n  a s i m i l a r  manner 

t o  those  r e s u l t i n g  from es t ima t ions  of ch lorophyl l '  - a, 

and t h e  two t y p e s  of d a t a  have been combined i n  Fig.  13  

t o  show t h e  seasona l  d i s t r i b u t i o n  of biomass throughout t h e  

study per iod .  

Fig.  13  shows t h e  biomass peaks found by sampling a t  

each s t a t i o n .  I n  t h e  p r e s e n t  c o n t e x t  t h e  S t a t i o n  B 

va lues  w i l l  be considered a s  r e p r e s e n t a t i v e  of t h e  open, 

moderately shal low water which makes up most of t h e  

main b a s i n  and which i s  t h e  source  of t h e  net-tow samples; 

however, it i s  necessary t o  r e f e r  t o  S t a t i o n  A f o r  deep- , 

water r ead ings  of ZSD i n  t imes of ve ry  low biomass. 

Peak v a l u e s  each year occur i n  l a t e  summer ( J u l y  - 
1 

September) and i n  winter / spr ing  (December - March) , 
t h e  l a t t e r  peaks being r a t h e r  lower than  t h o s e  of t h e  summer. l 

The in te rven ing  per iods ,  cen t red  on May and November, a r e  

t y p i c a l l y  low i n  phytoplankton, a l though a  l a t e r  sp r ing  

peak occurred  i n  May 1 9 7 7 .  During t h e  l a t e  summer peak 
-3 i n  1976, v a l u e s  of ch lorophyl l  a  reached 21.8 - 26.3 mg m - 

a t  S t a t i o n  B, and 35.3 - 38.0 mg m-3 a t  S t a t i o n  A; over 

t h e  winter / spr inq  peak i n  1976/7, v a l u e s  a t  both  s t a t i o n s  

reached 13.3 - 19.2 mg m-3 on occasions between December and 

March. During t h e  l a t e  summer peaks of biomass, ZSD 
readings  i n  t h e  range  0.55 - 0 . 4  m were obtained which 

may be compared wi th  readings  of 4 . 6  (+) - 3.0 m i n  pe r iods  

without s i g n i f i c a n t  peaks ( ch lo rophy l l  a  below 5 mg mm3) . - 





The winter / spr ing  peaks were r e f l e c t e d  by decreases  i n  

t ransparency,  SD 
va lues  of 2.25 - 1.3  m being recorded,  

b u t  t h i s  decrease  was l e s s  marked than  t h a t  accompanying 

t h e  l a t e  summer peaks. 

Forty-two spec ies  of a l g a e  were i d e n t i f i e d  i n  t h e  

net-tow c o l l e c t i o n s  usi,ng l i g h t  microscopy; t h e s e  a r e  

l i s t e d  i n  Table 4 ,  t o g e t h e r  wi th  t h e i r  constancy r a t i n g s  

( s e e  p .25) .  The m a j o r i t y  o f  t h e s e  spec ies  are i l l u s t r a t e d  

by . l i g h t  micrographs i n  F i g s  1 4  - 58. ,The purpose of 

t h e s e  i l l u s t r a t i o n s  i s  t h r e e f o l d :  t o  show t h e  range of 

s i z e  and form of t h e  s p e c i e s  r ep resen ted  i n  t h e  plankton; 

t o  provide  evidence of i d e n t i t y  i n  c a s e s  of t h e  more 

" c r i t i c a l "  t axa ;  and t o  p rov ide  a sound b a s i s  f o r  any 

taxonomic amendments as.may become necessary  a t  a f u t u r e  

d a t e .  Other spec ies ,  which were i d e n t i f i e d  on t h e  b a s i s  

of e lectron-microscopic c h a r a c t e r s ,  a r e  considered i n  . 

Sec t ion  4 .  The success ion  of dominant s p e c i e s  i s  descr ibed  

below and w i l l  be r e l a t e d  t o  t h e  peaks of biomass a l r e a d y  

recorded.  

I n  sp r ing ,  t h e  diatom' As'ter'ibne'l'la' 'formo'sa predominates, 

i n c r e a s i n g  i t s  numbers throughout  February from a r e l a t i v e l y  

low mid-winter s tock  and producing i t s  maximum popula t ions  

i n  February/March (weeks 12br  9c) . As'  As' ter ' ionella d e c l i n e s  

9n A p r i l  and May, o t h e r  a l g a e  may i n c r e a s e  a l t h o u g h ' t h e  

o v e r a l l  biomass may now be decreas ing:  F r a g i l a r i a  capucina 

produced smal l  popula t ions  i n  1976 and 1978 b u t  f a i l e d  t o  

develop i n  1977; Dinobryon d ivergens  was prominent i n  March 

1977 and A p r i l  1978. I n  1976 (28a) a b r i e f  development of 

Melos i ra  i t a l i c a  subsp. s u b a r c t i c a  followed t h a t  of F r a g i l a r i a .  

Ear ly  summer, i . e .  May/June, i s  s t i l l  a per iod  of 

comparat ively low biomass and i s  occupied by development 

of f u r t h e r  popula t ions  of chrysophytes  (Dinobryon o r  

Urbg'l'ena' 'ai-rieri'c'ana ) and/or g reen  a l g a e  (Volvox aureus , 
Eudorina e l e g a n s  , S tau ' r a s t r 'w '  cingulum, Pedias  t r u m  duplex 

and o t h e r  s p e c i e s )  i n  va ry ing  combinations i n  d i f f e r e n t  

years .  ~ r e e n  a lgae  were most prominent i n  1976, b u t  i n  

1977 and 1978 were subordina te  t o  t h e  chrysophytes. 

Blue-green a l g a e  r a p i d l y  became dominant i n  l a t e  June, 

1976 and whi le  i n  1977 they  increased  more 

s lowly dur ing  weeks 19b - 25b. I n  each case  Anabaena s o l i t a r i a  



Table 4, Species recorded i n  Sawley Dene net collections. 

Species Illustration Constancy rating 
(see p. 25 ) 

hstaricnella forncsa &ss. Figs 14, 15 
Zhqilaria capucina Desm. Figs 16, 17 
Melcsira italica Kutz. subsp. subarctica Mull. Figs 18, 19 

I 
I 

CHRYSoParPEs 

Dinobryon bivergens Imhcf Figs 20, 21 
, Mallomonas acamides Perty var. striatula fie 241 25 

Asmund 
1 Mallomonas akokonos Pascher ex Ruttner 

Paraphysomonas vestita (stokes) De Saedeleer Fig. 219 
Synura petersenii Korsh. Figs 239, 240 
Umslena americana Calkins Figs 22, 23 

j GREEN ALGAE 

Anlistmdesms fdlcatus (~orda) Ralf s 
dsterococcus suuerbus (~ienk.) Scherff. 
EkJaqydornonas sp(p) . 
Clcsterium acutum Breb. var. variebile Krieger 
Closterium cf. littorale Gay 
Coelastrum sp. 
Dictyosphaerium uulchellum Wood 
Elakatothrix gelatincsa Wille 
Eudorina elegar-S Ehrenb . 
Pandorina Bory 
Pediastm duplex Meyen 
Scenedesms ~rcuatus Lemn. 
Staurastrun cf. cinylurn (W. & G.S. W-st) I 

G.M. Smith 
Volvox aweus Ehrenb. 

Fig. 27 
fig. 34 

fig. 33 
Fig. 31 
Fig. 28 
,g. 291 
Fig. '32 
Fig. 26 
Fig. 35 

Fig. 30 

Ceratium hirundinella O.F. Mull. 
Gymnodinium sP(?). 
Peridinium cinctum Ehrenb. 

Fig.' 36 C 
D 

Figs 260, 261 C 

I Cryptornonas *a Ehrenb. (sens. lat. ) 
, Rhodomonas minuta Skuja 
\ 

Fie. 37 

' EUGLENOIDS 
1 

I Euglena cf. velata KLebs 

, Trachelomonas volvocina Ehrenb. 
l Trachelomonas sp. 

Fig. 41 

g;:: :f l 
/ BLUE-GREEN ALGAE 

I Annbaena flos-aquae Breb. ex Born. et Flah. 
1 habaena solitaria KLebs 

=gs 44, 45 
Figs 42, 43 
Figs 46, 47 
Figs 50, 51 

Anabaena sniroides Klebs 

j A w r o m e n o n  flos-aquae Rdfs ex brn .  
I et Flah. 
1 Coelospherium naegelianum (~nger) Lemm. 
, Gloeotrichia echinulata J.E. Smith 
1 Microcystis aeruginosa Kutz. emend. Elenk. 

Oscillatoria agardhii Gomont 

Fig. 49 
Figs 54, 55 
Fig. 48 
Figs ' 52, 53 

. . 
Acanthocystis erinaceoides Peters. et Hans. Fig. 58 E 
Acanthocgstis turfacea Carter Figs 56, 57 E 
Raphidocystis tubif era Pe~ard Figs 286 - 294 D 



FIGS 1 4  - 31  Light  micrographs of l i v i n g  and 
f i x e d  phytoplankton organisms from - 

Sawley Dene, I. 

F i g s  1 4  - 1 9 :  diatoms 
F i g s  20 - 25: chrysophytes 
F i g s  26 - 31: green  a lgae  

I l lumina t ion  systems on microscope: a n o p t r a l  c o n t r a s t  ( A C ) ,  
b r i g h t  f i e l d  (BF), dark ground ( D G )  o r  phase c o n t r a s t  (PC). 

Fig.  1 4 :  As te r ione l l a  formosa (two c o l o n i e s )  X 100 AC. 

Fig: 15: A s t e r i o n e l l a  f o m o s a  ( p o r t i o n  of colony) , 
X 1,000 AC. 

Fig.  1 6 :  F r a g i l a r i a  capucina ( f i l a m e n t )  , X 250 DG.' 

Fig.  17 :  F r a g i l a r i a  capucina ( p o r t i o n  of f i l a m e n t ) ,  
1,000 AC. 

Fig.  18: Melosira i t a l i c a  subsp. s u b a r c t i c a  ( f i l a m e n t ) ,  
X 250 BF. 

Fig.  1 9 :  Melosira i t a l i c a  subsp. s u b a r t i c a  ( p o r t i o n  
of f i l a m e n t ) ,  X 1 ,000 AC. 

F ig .  20: Dinobryon divergens. ( co lony) ,  X 250 AC. 

Fig.  21 :  Dinobryon divergens ( c e l l ) ,  X 1,000 AC. 

Fig.  22: Uroglena G e r i c a n a  ( c o l o n y ) ,  x 250 AC. 

Fig.  23: -- Uroglena americana ( p o r t i o n  of colony, 
f l a t t e n e d ) ,  X 1,000 AC. 

Fig.  24: Mallornonas aca ro ides  v a r .  s t r i a t u l a  ( c e l l ) ,  
X 500 AC. 

Fig. 25: Mallornonas aca ro ides  v a r .  s t r i a t u l a '  (detached 
s c a l e s ) ,  X 1,000 AC. 

Fig.  26:  Scenedesmus a rcua tus  (coenobium) , X 500 AC. 

F ig .  27:  Closterium acutum v a r  . v a r i a b i l e  ( c e l l )  , 
X 500 AC. 

Fig.  28: Eudorina elegans a f f .  (colony,  f l a t t e n e d )  , 
X 500 AC. 

Fig.  29: Pandoriria morum (co lony) ,  X 500 AC. 

Fig;  30: Volvox aureus ( co lony) ,  X 250 DG. 

Fig.  31: E laka to th r ix  g e l a t i n o s a  ( c o l o n y ) ,  X 500 AC. 





FIGS 32 - 47 L i g h t  micrographs  of  l i v i n g  and f i x e d  
phytoplankton organisms from Sawley Dene, 11. 

F i g s  32 - 35: g r e e n  a l g a e  
F ig .  36:  d i n o f l a g e l l a t e s  
F i g s  37 - 38: cryptomonads 
F i g s  39 - 41:  eug leno ids  
F i g s  4 2  - 47: . blue-green a l g a e  

~ l l u m i n a t i o n  systems a b b r e v i a t e d  a s  i n  legend t o  F i g s  1 4  - 31. 

Fig .  32: Pedias t rum duplex  (coenobium) , X 500 AC 

Fig.  33: Dictyosphaerium pulchel lum (co lony)  , . 
X 500 AC. 

Fig.  34: Clos te r ium l i t t o r a l e  ( c e l l ) ,  X 500 AC. 

F ig .  35: S t au ra s t rum c f .  cingulum ( c e l l ) ,  X 500 AC. 

. . 
,Fig. 36: Cerat ium h i r u n d i n e l l a  (two c e l l s ) ,  X 250 AC. 

F ig .  37: Rhodomonas l a c u s t r i s ~ ( c e l l ) ,  X .  1 ,000  AC. 

Fig .  38 : Cryptomonas c f .  o v a t a  ( c e l l )  , X 1 ,000  AC. 

Fig .  39: 

F ig .  40: 

Fig.  41:  

Fig.  42 :  

F ig;  43: 

Fig.  44 :  

F ig .  45: 

Fig .  46: 

Fig.  47:  

Trachelomonas vo lvoc ina  (two c e l l s ) ,  
X 1 ,000 BF.  

Trachelomonas 2. ( c e l l ) ,  X 1 ,000 BF. 

Euglena c f .  v e l a t a  ( c e l l ) ,  X 500 PC. 

Anabaena s o l i t a r i a  ( f i l a m e n t s )  , X 100 DG. 

Anabaena s o l i t a r i a  ( p o r t i o n  of f i l a m e n t )  , 
X 500 AC. 

Anabaena f  10s-aquae ( f i l a m e n t )  , x  100 AC. 

Anaba,ena f l o s - aquae  ( p o r t i o n  of  f i l a m e n t ) ,  
X 500 AC. 

Anabaena s p i r o i d e s  ( f i l a m e n t )  , X 100 DG. 

Anabaena s p i r o i d e s  ( f ragment  of f i l a m e n t )  , 
X 500 AC. 





FIGS 48 - 58 

F i g s  48 - 55: 
F i g s  56 - 58: 

I l l u m i n a t i o n  

F ig .  48: 

F ig .  49: 

F ig .  51: 

F ig .  52: 

F ig .  53: 

F ig .  54: 

F ig .  55: 

F ig .  56: 

Fig .  57: 

F ig .  58: 

L igh t  micrographs  of  l i v i n g  and f i x e d  
phytoplankton organisms from Sawley Dene, 111. 

blue-green a l g a e  
he l iozoans  

ystems abb rev ia t ed  a s  i n  legend t o  F i g s  1 4  - 31. 

Mic rocys t i s  ae rug inosa  ( c o l o n y ) ,  X 250 AC. 

Coelosphaerium naegelianum ( c o l o n y ) ,  X 
500 BF. 

I 

Aphanizomenon - f l o s - aquae  ( a g g r e g a t i o n s  of 
f i l a m e n t s )  ,X 100 DG. 

Aphanizomenon - f 10s-aquae ( f i l a m e n t s )  , 
X 500 AC. 

O s c i l l a t o r i a  a g a r d h i i  ( f i l a m e n t s )  , X 100 DC-  - - 
O s c i l l a t o r i a  a g a r d h i i  ( d e t a i l  of  f i l a m e n t s )  , 
X 500 AC. 

G l o e o t r i c h i a  e c h i n u l a t a  ( 'colony) , X 50 DG. 
- 

G l o e o t r i c h i a  e c h i n u l a t a  ( c e n t r a l  p o r t i o n  
of co lony) ,  X 500 AC. 

Acanthocys t i s  t u r f a c e a  ( c e l l ) ,  X 100 DG. 

Acanthocys t i s  t u r f a c e a  ( d e t a i l  of s p i n e s ) ,  
X 1,000 AC. 

Acanthocys t i s  e r i n a c e o i d e s  ( c e l l ,  f l a t t e n e d ) ,  
X 500 AC; n o t e  de t ached  s p i n e s  ( a r r o w s ) .  





predominated a t  f i r s t ,  a l though i n  1977 it was l a t e r  

superseded by Aphanizomenon flos-aquae and O s c i l l a t o r i a  

aga rdh i i .  I n  1 9 7 6  A. s o l i t a r i a  remained dominant over - 
t h e  whole season (28a - 39a) ,  o t h e r  blue-green a lgae  

producing s u b s i d i a r y  peaks w i t h i n  t h i s  pe r iod ,  v i z .  

Gloeot r ich ia  e c h i n u l a t a  (30a - 32a) and Aphanizomenon 

(40a onwards): sma l l e r  amounts of Microcys t i s  aeruginosa,  

Coelosphaerium naegelianum and o t h e r  Anabaena spp. were 

a l s o  p r e s e n t  dur ing  t h e  main peak period.  

S i g n i f i c a n t  c o n t r i b u t i o n s  t o  t h e  peak summer biomass 

i n  1976 w e r e  provided by t h e  l a r g e  d i n o f l a g e l l a t e s  

Ceratium h i r u n d i n e l l a  and Peridinium cinctum, which never 

produced comparable popula t ions  again  dur ing  t h e  s tudy 

period. A f t e r  t h e  main peak per iod  was over,tAphanizomenon 

p e r s i s t e d  i n  t h e  plankton longer  than  t h e  o t h e r  blue-green 

a lgae ,  occur r ing  through t o  52a where it was found under 

i c e  cover.  

' A .  s o l i t a r i a  r e a c h e d s i m i l a r  l e v e l s  i n  1977 t o  those  of - 
t h e  previous year  b u t  o t h e r  spec ies  of blue-greens produced 

l a r g e r  peaks, Aphanizomenon becoming a CO-dominant a t  about  

31b, and O s c i l l a t o r i a  succeeding a s  dominant f o r  36b - 41b. 

I The o t h e r  blue-green s p e c i e s  became s c a r c e  over  t h i s  f i n a l  

per iod b u t  Aphanizomenon p e r s i s t e d  i n  t h e  plankton i n t o  

December a s  i n  t h e  previous  year .  

Only t h e  beginning of t h e  1978 summer peak f e l l  w i t h i n  

t h e  s tudy pe r iod ,  b u t  t h i s  w a s  again found t o  be dominated 

by A. s o l i t a r i a .  - 
The t h i n  autumn plankton c h a r a c t e r i s t i c a l l y  comprised 

p e r s i s t e n t  aggrega t ions  of Aphanizomenon t o g e t h e r  with t h e  

diatom Melosira i t a l i c a  subsp. subarc t i ca ,  which tended t o  

become more prominent about  October. Trachelomonas volvocina,  

p resen t  a l l  year  round, was a l s o  f a i r l y  numerous a t  t h i s  

time of year;  i n  1976, Mallomonas spp. ( c h i e f l y  M. aca ro ides )  - 
and cryptomonads were a l s o  p resen t .  A s t e r i o n e l l a  reappeared 

i n  l a t e  October (43a, 44b) t o  produce an i n i t i a l  peak i n  

November/Decemher be fo re  a temporary mid-winter dec l ine ,  

usua l ly  a s s o c i a t e d  wi th  pe r iods  of i c e  cover.  Dinobryon 

and Eudorina were p r e s e n t  i n  winter  1976/7 b u t  were l a r g e l y  

absent  i n  t h e  succeeding win te r .  

Various "minor" spec ies ,  notably a Euglena sp.  and 

small  Chlorococcales;  appeared s p o r a d i c a l l y  i n  t h e  plankton 



Fig, 59. h~otated annual biomass curves (diagrammatic, re-drawn 
from Fig, 13), 
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Uroqlena + W1 
J F M A M J J A S O N D  



bu t  were n o t  r e g u l a r l y  a s s o c i a t e d  w i t h  any seasona l  communities. 

P lanktonic  he l iozoans  (Raphidocyst is  and Acanthocyst is  spp.)  

were found i n  t h e  summer of 1 9 7 6  b u t  were r a r e l y  seen 

t h e r e a f t e r  . 
The a c t u a l  net-tow records  f o r  each s p e c i e s  a r e  

included i n  Sec t ion  3 where they  w i l l  be d i scussed  i n  

more d e t a i l  b u t  c e r t a i n  f e a t u r e s  have been summarised i n  

t h e  form of a  t a b l e  (Appendix 11) and an annota ted  diagram 

(Fig.  5 9 ) ,  where t h e  i n d i v i d u a l  peaks seen i n  Fig.  1 3  

a r e  re-drawn and a r e  i d e n t i f i e d  according t o  t h e i r  major 

c o n s t i t u e n t s .  Also included i n  t h i s  f i g u r e  a r e  t h e  

p o s i t i o n s  of seasonal  maxima f o r  s p e c i e s  which formed 

important  s u b s i d i a r y  components of ' t h e  p lankton  b u t  which 

d i d  n o t  c o n t r i b u t e  s o  s t r o n g l y  t o  t h e  biomass peaks recorded. 

(iii) S t a t i s t i c a l  Analysis  

S ix ty - f ive  samples ( i n d i v i d u a l  n e t  c o l l e c t i o n s  taken 

between June 1976 and J u l y  1978) were used f o r  t h e  o rd ina t ion ,  

- each sample providing d e t a i l s  of t h e  abundance, on t h a t  

d a t e ,  of t h e  e ighteen '  s e l e c t e d  s p e c i e s  ( s e e  p. 2 7 )  . 
Reference s e t s  w e r e  s e l e c t e d  a s  desc r ibed  i n  Appendix 111, 

t h e s e  be ing  samples 9b and 35b f o r  the X-axis, and samples 

28c and 43a f o r  t h e  Y-axis. Each of t h e s e  two p a i r s  

of samples possesses  a very  low degree of s i m i l a r i t y  

(C= 0.16 and 0.29, r e s p e c t i v e l y ) ,  and they  r e p r e s e n t  

independent axes  of v a r i a t i o n  w i t h i n  t h e  da ta .  An X- 

and a  Y- co-ordina te  could then  be c a l c u l a t e d  f o r  each 

sample ,a f t e r  comparison with t h e  r e f e r e n c e  sets, and t h e s e  

were used t o  produce a  g r a p h i c a l  p l o t  of t h e  samples which, 

f o r  convenience, i s  presented  i n  s e v e r a l  p a r t s .  

The f i r s t  of t h e s e  graphs (Fig.  60) shows ' t he  

d i s t r i b u t i o n  of summer and win te r  samples dur ing  t h e  two 

f i e l d  seasons.  Autumn and sp r ing  assemblages a r e  omitted 

from t h i s  p l o t  f o r  purposes of c l a r i t y .  The l eng ths  of t h e  - 

two p e r i o d s  under comparison were chosen t o  inc lude  t h e  

main a r e a s  of s t a b i l i t y  found i n  t h e  complete o r d i n a t i o n  

(see below). From t h i s  graph it may be seen t h a t ,  while  

t h e  two y e a r s '  samples r e t u r n  t o  t h e  same g e n e r a l  a r e a  of 

t h e  p l o t  i n  corresponding seasons,  t h e  sample groupings 

a r e  b a s i c a l l y  d i s t i n c t  i n  t h e  two yea r s .  With t h e  except ion 





of t h e  samples f o r  winter  1977/8, t h e  p o i n t s  a r e  c l o s e l y  

grouped which i n d i c a t e s  s t a b l e  communities wi thout  r a p i d  

r a t e s  of change. 

I f  a chronologica l  a x i s  i s  now i n s e r t e d  it becomes 

p o s s i b l e  t o  fo l low t h e  changing s t r u c t u r e  of t h e  phytoplankton 

community through each year;  t h i s  i s  presented  on two 

graphs,  F i g s  6 1  and 6 2 .  Each a r e a  of t h e  graph corresponds 

t o  a community of a d i s t i n c t  t y p e  and t h e  t r a c e  moves 

through t h e s e  a r e a s  a t  a v a r i a b l e  r a t e  of change, suggested 

by t h e  v a r i a t i o n  i n  d i s t a n c e  between success ive  p o i n t s  

on t h e  p l o t .  Because it i s  n o t  p o s s i b l e  t o  r e p r e s e n t  more 

than  two independent axes of v a r i a t i o n  on a two-dimensional 

p l o t ,  some unre la ted  communities may be  o rd ina ted  t o  a 

s i m i l a r  a r e a  of t h e  graph a l though they  may be  separa ted  

by an unseen dimension; such super imposi t ion  can normally 

be d e t e c t e d  by inspec t ion  and checked by c a l c u l a t i o n  of a 

C-value between r e p r e s e n t a t i v e s  of each community. An 

example of t h i s  superimposi t ion occurs  i n  each graph b u t  

does n o t  complicate  t h e  i n t e r p r e t a t i o n  unduly. . 

I n  ~ i g . 6 1  t h e  chronologica l  a x i s  fo l lows an  ant ic lockwise  

pa th  between c e r t a i n  per iods  of r e l a t i v e  s t a b i l i t y ,  

with5.n which are seen smal l -sca le  d e v i a t i o n s  o r  c y c l i c  

phenomena independent of t h e  o v e r a l l  an t i c lockwise  t r end .  

The summer pe r iod  of s t a b i l i t y  comprises 28a - 40a and 

c o n t a i n s  smal l  d e v i a t i o n s  c e n t r e d  on 29a/30a and 33a/34a, 

A f t e r  4 0 a  a pe r iod  of r a p i d  t r a n s i t i o n  commences u n t i l  by 

45a t h e  t r a c e  has  entered  t h e  win te r  r eg ion  of t h e  p l o t ,  

where it remains up t o  15b a l though a d e v i a t i o n  i s  seen 

dur ing  9b - 12b. The sp r ing  t r a n s i t i o n  pe r iod  extends 

from 15b t o  22b and incorpora tes  a r a p i d  r a t e  of change a s  

t h e  community t r a c e  v i s i t s  new a r e a s  of t h e  p l o t  be fo re  

approaching t h e  summer reg ion  aga in .  I t  i s  n o t i c e a b l e  

t h a t  21b/22b f i t  w e l l  i n  t h e  b a s i c a l l y  c i r c u l a r  p a t t e r n ,  

whi le  25a t h e  previous year occupies  a d i f f e r e n t  p o s i t i o n ,  

a lmost  superimposed on 41a (wi thout  a 'high degree of 

s i m i l a r i t y :  C= 0 .44) .  25a i n  f a c t  f i t s  b e t t e r  wi th  t h e  

a l t e r n a t i v e  sp r ing  p a t t e r n  seen  i n  t h e  p l o t  f o r  t h e  1978 

samples, below. 

Weeks 22b - 30c a r e  shown ord ina ted  on F ig .  62,  

which a t  f i r s t  s i g h t  c o n t r a s t s  w i t h  t h e  preceding p i c t u r e .  





Fig. 62. Path of comrn&ity trace; May 1977 - July 1978 
(samples identified by week number). 
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This, however, is due to the superimposition of the spring 

and autumn portions of the trace, although these are not 

fundamentally similar; for example, between 46b and 16c, 

C= 0.40, and between 23c and 42b, C= 0.34, both of these 

being relatively low values. This indicates that an 

unrepresented dimension separates these two portions of 

the trace and it is likely that the path is again basically 

circular although on a plane inclined to that of the 

trace in Fig. 61. 

The most stable portion of this summer period is 

remarkably homogeneous and lasts from 26b.to 36b, after 

which a rapid change to a new and non-transitional community 

occurs (37b - 41b). Eventually the typical autumn 

transition is seen (42b/44b) and the winter community is 

established, but large excursions occur through the period 

to 12c which contrast with the behaviour of the previous 

year. 16c - 23c involve a spring trend of a new type, 
as explained above, but which may possess similarities with 

the behaviour in spring 1976, represented only by 25a on 

the previous plot (Fig. 61) . However, a rapid change then 

occurs until by 27c/28c the trace is more similar to its 

position during 19b - 21b the previous spring, and by 30c 
the trace is approaching the summer coqunities once more. 

In order to assist interpretation of these traces in 

the Discussion, portions of the plots have been correlated 

with the most important species predominating at different 

times of the year (see Fig.59 and Appendix 11). These 

annotated plots are presented as Figs.63 and 64 

corresponding to Figs 61 and 62, respectively. 

Discussion 

Certain features of the data on temperature and 

dissolved oxygen are of relevance to the present Section, 

while others will be considered in Section 3. For the 

purpose of characterising the lake and for investigating 

its annual variability, the most significant features 

are (i) the annual temperature regime of the surface 

water; (ii) the extenk of summer stratification, as 

reflected by temperature and dissolved oxygen measurements; 
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(iii) t h e  r e l a t i o n  between water temperature and genera l  

c l i m a t i c  p a t t e r n s  i n  s p e c i f i c  years;  and ( i v )  p o s s i b l e  

v a r i a t i o n s  i n  temperature between t h e  two sampling s t a t i o n s ,  

i n  comparison wi th  any observed d i f f e r e n c e s  i n  t h e i r  

phytoplankton. 

The seasona l  v a r i a t i o n  i n  temperature found i n  t h e  

su r face  water of Sawley Dene i s  unexcept ional  and does 

no t  po in t  t o  an  unduly exposed o r  s h e l t e r e d  s i t u a t i o n .  

I t s  phytoplankton, t h e r e f o r e ,  might be expected t o  be 

q u a l i t a t i v e l y  s i m i l a r  t o  t h a t  of many o t h e r  lowland bodies 

of water i n  t h e  B r i t i s h  Isles of comparable n u t r i e n t  s t a t u s  

and s i z e ,  Complete i c e  cover occurred i n  each  win te r  

of t h e  s tudy pe r iod  and t h i s  would undoubtedly in f luence  

t h e  growth and suspension of  p lanktonic  a l g a e ,  i n  c o n t r a s t  

t o  t h e  s i t u a t i o n  i n  deeper  l a k e s  where i c e  cover  i s  l e s s  

r egu la r  o r  complete. The f a c t  t h a t  p e r s i s t e n t  summer 

s t r a t i f i c a t i o n  was absen t  even i n  1976, which was an 

excep t iona l ly  h o t  and d r y  yea r ,  suggests  t h a t  t h e  l a k e  

does not  normally s t r a t i f y ,  and t h i s  s e p a r a t e s  it from many 

l akes  i n  B r i t a i n  which do s t r a t i f y  over t h e  summer and 

whose p e r i o d i c i t y  has  been s tudied .  

The d i f f e r e n c e s  i n  s u r f a c e  temperature f o r  comparable 

t imes i n  success ive  y e a r s  a r e  of s i m i l a r  magnitude t o  t h e  

d i f f e r e n c e s  shown i n  t h e  averages of d a i l y  mean a i r  temperature 

over t h e  r eg ion  a s  a  whole. It is l i k e l y  t h a t  t h e  

temperatures  a t  t h e  t ime of day when v i s i t s  w e r e  normally 

made a r e  c l o s e r  t o  t h e  mean d a i l y  a i r  tempera ture  than  t o  

t h e  maximum, a l though t h e  d i u r n a l  f l u c t u a t i o n  has  n o t  been 

inves t iga ted .  From t h e  meteorologica l  d a t a  inc luded on 

Figs  8 - 10 some noteworthy f e a t u r e s  of each year  can 

be seen; t h e  f i r s t  e i g h t  months of 1976 were t h e  culminat ion 

of t h e  d r i e s t  sixteen-month per iod  on record ,  whi le  September 

and October t h a t  year  were excep t iona l ly  wet. The sumher 

of 1 9 7 6  was cons ide rab ly  h o t t e r  than average and t h a t  of 

1 9 7 7  was a  l i t t l e  coo le r .  Other f e a t u r e s  o f  t h e s e  d a t a  

w i l l  be considered where a p p r o p r i a t e  l a t e r .  

Dif ferences  i n  t h e  maximum biomass measured a t  t h e  

two s t a t i o n s ,  t o g e t h e r  wi th  o t h e r  d i f f e r e n c e s  which w i l l  

be descr ibed i n  Sec t ion  3, seem un l ike ly  t o  b e  due t o  

any d i f f e r e n c e  i n  exposure a s  r e f l e c t e d  i n  s u r f a c e  temperature,  



s ince  Fig.11 sugges ts  t h a t  no sys temat ic  d i f f e r e n c e  i s  

d e t e c t a b l e  and t h a t  a  s l i g h t  s c a t t e r  of p o i n t s  occurs  only 

above 20°c. I t  w i l l  t h e r e f o r e  be necessary t o  a t tempt  t o  

r e l a t e  any a l g a l  d i f f e r e n c e s  found t o  o t h e r  f a c t o r s ,  e.g.  

t h e  depth of water a t  each s t a t i o n  and/or t h e  proximity of 

S t a t i o n  A t o  t h e  outflow. 

The r e s u l t s  of t h e  phytoplankton i n v e s t i g a t i o n s  presented 

so f a r  a l low c e r t a i n  conclus ions  t o  be drawn concerning 

t h e  t r o p h i c  s t a t u s  of Sawley Dene. The l a k e  may be s a i d  

t o  be eu t roph ic  on t h e  fo l lowing grounds: (i) it supports  

high l e v e l s  of a l g a l  s t a n d i n g  crop  a t  c e r t a i n  t imes  of 

t h e  year;  (ii) it d i s p l a y s  t h e  c h a r a c t e r i s t i c  s h i f t  

i n  dominance between diatoms i n  winter / spr ing  and b lue-  

green a l g a e  i n  l a t e  summer; and (iii) t h e  s p e c i e s  

predominating a r e  t y p i c a l  of  eu t roph ic  cond i t ions ,  whi le  

spec ies  wi th  s t r i c t l y  o l i g o t r o p h i c  tendencies  a r e  absent .  

The degree t o  which each of t h e s e  c h a r a c t e r i s t i c ;  i s  developed 

may be seen by comparison w i t h  o t h e r  eu t roph ic  l akes .  

High l e v e l s  of s t and ing  c rop  a r e  t y p i c a l  of  product ive  

s i t u a t i o n s  where removal through p reda t ion  o r  outwash i s  

n o t  excessive;  s t r a i g h t f o r w a r d  c o r r e l a t i o n s  between 

p r o d u c t i v i t y  and maximum s tand ing  crop  have been demonstrated 

by Brylinsky & Mann (1973) and Schindler  (1978), and t h u s  

product ive  ( i .e .  eu t roph ic )  l a k e s  can be demarcated when 

maximum s tanding  crop exceeds a  s p e c i f i c  l e v e l .  Vollenweider 

( 1 9  6 8 )  sugges ts  t h a t  t h e  boundary between mesotrophic 

and eu t roph ic  cond i t ions  occurs  when maximum biomass 
3  -3 l e v e l s  of 3-5 cm m a r e  reached,  which would correspond 

t o  chlorophyl l  a  concen t ra t ions  of  ca .  12-20 rng us ing  - 
t h e  approximate r e l a t i o n s h i p  found by Lund ( i n  Ridley,  1970) .  

On t h i s  b a s i s ,  t h e  Lake D i s t r i c t  l akes ,  f o r  example, 

range from Wastwater, which w i t h  a  maximum ch lo rophy l l  a  - 
l e v e l  of 1.25 rng m-3 i s  c l e a r l y  o l igo t roph ic ,  t o  Blelham Tarn 

and Esthwaite  Water, where e p i l i m n e t i c  ch lorophyl l  a  - 
-3 l e v e l s  may exceed 100 mg m , wel l  i n t o  t h e  eu t roph ic  

range (Jones,  1972).  Sawley Dene shows a  maximum 

chlorophyl l  a  l e v e l  of 38 mg and on t h i s  b a s i s  may be 

c l a s s e d  a s  eu t rophic ,  a l though l e s s  so than some of t h e  

o t h e r  product ive l a k e s  i n v e s t i g a t e d  i n  t h i s  count ry  ( s e e  

Wilson -- e t  a l . ,  1975; P h i l l i p s ,  1 9 7 7 ) .  



Secchi  d i s c  t ransparency ( Z S D )  r ead ings  a r e  i n v e r s e l y  

p r o p o r t i o n a l  t o  t h e  t u r b i d i t y  of t h e  water (Tyler ,  1968)* 

and, p a r t i c u l a r l y  wi th in  5 - 7 m of t h e  su r face ,  t h i s  i s  

p r i m a r i l y  dependent upon phytoplankton d e n s i t y  (Vollenweider, 

1960, i n  Vollenweider, 1968) .  Thus c l e a r  i n v e r s e  

c o r r e l a t i o n s  between ZSD and ch lo rophy l l  - a  l e v e l s  can be 

found (Carlson,  1977) ,  a l though e x a c t  correspondence i s  

n o t  t o  be expected s i n c e  d i f f e r e n t  forms of a l g a e  may 

a t t e n u a t e  l i g h t  t o  d i f f e r e n t  degrees  and t h e  chlorophyl l  

a  c o n t e n t  of c e l l s  can va ry  (Eppley, 1968) .  Nevertheless ,  - 
from t h e  d a t a  of Carlson ( l o c .  c i t . ) ,  ZSD l e v e l s  of 1 m 

o r  less a r e  normally a s s o c i a t e d  wi th  ch lo rophy l l  a  va lues  - 
i n  excess  of 15 mg m-3 and t h e r e f o r e  probably wi th  a  

eu t roph ic  cond i t ion  a s  suggested above. Analys is  of 

p re l iminary  d a t a  from Sawley Dene sugges t s  t h a t  Z SD 
read ings  of less than  1 m correspond wi th  ch lo rophy l l  a  - 
v a l u e s  of over 13 mg m-3 when blue-green a l g a e  a r e  

dominant and probably a t  l e a s t  twice  t h i s  f i g u r e  dur ing  

maxima of A s t e r i o n e l l a .  

Eut rophic  waters  of s u f f i c i e n t  s i z e  t o  be  termed 

l a k e s  c h a r a c t e r i s t i c a l l y  show biomass peaks i n  sp r ing  and 

l a t e  summer (Round, 1 9 7 1 ) ,  dominated by diatoms and blue- 

green  a l g a e  r e s p e c t i v e l y .  Sometimes Ceratium may be 

dominant with,  o r  e f f e c t i v e l y  r e p l a c e ,  t h e  blue-green 

a l g a e  (Reynolds, 1978).  The two community types ,  which 

a r e  t o  some e x t e n t  mutual ly  exc lus ive ,  comprise t h e  

"eut rophic  diatom" and t h e  "myxophycean" plankton types  

i n  t h e  scheme of Hutchinson (1967).  Blue-green a l g a e  

( o r  Cerat ium)appear  t o  r e t a i n  t h e i r  e c o l o g i c a l  advantage 

only a s  f a r  a s  t h e  e f f e c t s  of n u t r i e n t  l i m i t a t i o n  a r e  s t i l l  

s i g n i f i c a n t  i n  l a t e  summer; i n  y e t  more h igh ly  eu t roph ic  

s i t u a t i o n s ,  o r  i n  smaller  water-bodies where r a t e s  of 

n u t r i e n t  supply per  u n i t  volume of water  may be h igher ,  

green a l g a e  ( e s p e c i a l l y  Chlorococcales)  may predominate 

(Reynolds, 1973 a; S t o e m e r ,  1978) . Blue-green a l g a e  

and Ceratium a r e  markedly less abundant i n  waters  which 

a r e  n o t  eu t roph ic ,  whereas t h e - d i a t o m s  forming t h e  sp r ing  

peak, o f t e n  wi th  a  r e l a t e d  peak i n  l a t e  autumn, may s t i l l  

produce s i g n i f i c a n t  popula t ions  i n  l e s s  product ive  l akes  



( P e a r s a l l  & P e a r s a l l ,  1925) . The r e l a t i v e  importance 

( a s  biomass) of diatom and blue-green a l g a l  peaks t h e r e f o r e  

tends t o  a l t e r  a s  a range of t r o p h i c  types  i s  t r ave r sed  

and thus  forms an approximate index of t r o p h i c  s t a t u s .  

I n  Sawley Dene, t h e  sp r ing  diatom peaks i n  1 9 7 7  and 

1978 were of v a r i a b l e  i n t e n s i t y  b u t  were always exceeded 

by the  l a t e  summer blue-green peaks, a s  recorded by 

chlorophyl l  - a measurements and/or ZSD r ead ings ,  even al lowing 

f o r  some p o s s i b l e  discrepancy a s  suggested above. 

Ca lcu la t ions  of a l g a l  volumes ( s e e  p. 55) provide s i m i l a r  

evidence. Th i s  s i t u a t i o n  i s  found a l s o  i n  t h e  two 

"eut rophic"  Lake D i s t r i c t  l akes ,  judging from c e l l  counts  

of t h e  a l g a e  concerned (Lund, 1972a, 1978) and i n  t h e  most 

t y p i c a l  of t h e  Shropshire/Cheshire meres (Reynolds, 1 9 7 6  a). 

By c o n t r a s t ,  i n  t h e  south  b a s i n  of Lake Windermere, descr ibed  

by Lund (1973) a s  " n e i t h e r  c l e a r l y  o l i g o t r o p h i c  nor eu t rophic" ,  

and wi th  a lower maximum e p i l i m n e t i c  ch lo rophy l l  - a va lue  

than t h a t  of Sawley Dene (Jones,  1 9 7 2 ) ,  biomass i n  t h e  l a t e  

summer i s  l e s s  t h a n  t h a t  i n  t h e  sp r ing  ( d a t a  of Lund, i n  

Macan, 1970) , and a s i m i l a r  cond i t ion  i s  documented f o r  

o the r  l e s s  eu t roph ic  waters ,  e.g. "Stage 3 "  i n  t h e  scheme 

of Stoermer (1978) f o r  t h e  t r o p h i c  evo lu t ion  of t h e  

Great Lakes. I n  t h i s  r e s p e c t ,  t h e r e f o r e ,  Sawley Dene 

behaves . l i k e  t h e  epi l imnion of a .  t y p i c a l  eu t roph ic  l a k e  

of l a r g e r  s i z e .  By comparison, Abbot 's  Pond, Somerset 

(Moss & Abdel Karim, 1969; Hickman, 1974) and C h i l l i n g t o n  

Pool, S t a f f o r d s h i r e  ( I r i s h ,  1977) a r e  examples of smal ler ,  

eutrophic water-bodies where a r e g u l a r  p a t t e r n  of a sp r ing  

diatom peak and a l a r g e r ,  late-summer blue-green peak i s  not  

found. Sawley Dene may be j u s t  above t h e  th resho ld  of 

s i z e  a t  which l a r g e  ponds grade i n t o  lakes.  

Sca t t e red  informat ion  upon t r o p h i c  p re fe rences  ,of 

c e r t a i n  a l g a e  i s  contained i n  many pub l i ca t ions ;  Moss 

( 1 9 7 2 )  consul ted  70 papers  f o r  d a t a  on only some twenty 

spec ies ,  Few papers ,  however, ' provide a comprehensive 

and r e l i a b l e  body of information concerning spec ies  of a 

wide range of t r o p h i c  types ;  of these ,  Round & Brook 

(1959) and Stoermer (1978) a r e  probably t h e  most va luab le .  

Co l l a t ion  of t h e  r e s u l t s  of t h e s e  authors  i n  r e s p e c t  of 

those  spec ies  found dur ing  t h e  p resen t  i n v e s t i g a t i o n  



sugges ts  t h e  fol lowing groupings on t h e  b a s i s  of t r o p h i c  

preference:  

(i) Species  common on ly  i n  eu t roph ic  wa te r s ,  r a r e  

or  absent  elsewhere: F r a g i l a r i a '  'capilcina, Pedias ' t r 'm duplex, ' 

Staurastrum cingulurn: Volvox aur'eus, Cryp'tomonas spp. 

(C.  - erosa/C - . ova ta )  , Trachelomonas volvo'c'ina , Ap'hanizomen'on 

f  10s-aquae, Microcys t i s  aerugino'sa. 

(ii) Species  most common i n  eu t roph ic  waters ,  b u t  

occurr ing  elsewhere t o  a  l e s s e r  ex ten t :  ' Me'l'o's'iLa' 'i'ta'l'ica 

subsp. s u b a r c t i c a ,  .Ankistrodesmus f  alc'a'tus,' Euaorina' '~il'e'gans, 

Ceratium h i r u n d i n e l l a ,  Coelosp'haer'im' na'ege'l'ia'nm, 

O s c i l l a t o r i a  acrardhii. 

(iii) Species  most common i n  o l igo-  o r  mesotrophic 

waters ,  b u t  found elsewhere t o  a  l e s s e r  e x t e n t :  

D inobryon d ivergens  , Mallombna S 'a'lp'ina, Urog lena'  'meri'c'ana . 
( i v )  Species  common on ly  i n  o l i g o t r o p h i c  waters:  

None found. 

( V )  , Species  widely d i s t r i b u t e d ,  common i n  waters  of 

v a r i e d  types:  A s t e r i o n e l l a  f ormosa,' Rliod'omohas m'i'nuta, 

Dictyosphaerium pulchel'lum. 

Mesotrophic l a k e s  c h a r a c t e r i s t i c a l l y  possess  elements 

of an  o l i g o t r o p h i c  f l o r a  i n  coex i s t ence  wi th  t h e  more 

eu t roph ic  spec ies ,  a s  may b e  seen  i n  t h e  f u l l  d a t a  of 

Round & Brook (1959) and Stoermer (1978) . The absence 

of such an element from Sawley Dene c l e a r l y  i n d i c a t e s  i t s  

a f f i n i t i e s  wi th  o the r  t r u l y  eu t roph ic  lakes .  

The eu t roph ic  s t a t u s  of Sawley Dene may be asc r ibed  

t o  t h e  ca lcareous ,  moderately ion- r i ch  w a t e r ' d e r i v i n g  from 

i t s  catchment a r e a  ( s e e  p. 1 6 )  wi thout  n e c e s s a r i l y  implicaging 

any a r t i f i c i a l  sources. of enrichment.  The g l a c i a l  d r i f t  

on which Sawley Dene i s  s i t u a t e d  cont inues  t o  t h e  e a s t ,  

where it extends i n t o  t h e  V a l e  of York; it i s  probable 

t h a t  s i m i l a r ,  n a t u r a l l y  e u t r o p h i c  l a k e s  might be found i n  

t h i s  a rea .  On t h e  e a s t e r n  margin of t h i s  g l a c i a l  d r i f t ,  

ca .  28 km nor th-eas t  of Sawley Dene, t h e  small  l ake  of 

Gormire was found t o  possess  many eut rophic  s p e c i e s  during 

an i s o l a t e d  v i s i t  i n  May ( S c o t t ,  1948) ,  among which were 

Ceratium h i r u n d i n e l l a  and "Anabaena sp ." .  However, 

t h e  water of Gormire may a l s o  b e  inf luenced by t h e  

ca lca reous  g r i t  of Whitestone C l i f f  below which it stands.  

*See a l s o  p .  50. S toermer ' s  (1978) d a t a  show a eu t roph ic  
' pre fe rence  f o r  t h i s  s p e c i e s  al though Brook (1965) sugges ts  

o therwise .  



To t h e  west of Sawley, Eavestone Lake ( s e e  p. 6 0 )  

i s  c l o s e  t o , t h e  western l i m i t  of t h e  g l a c i a l  d r i f t  and 

appears t o  be of s i m i l a r  t roph ic  s t a t u s  t o  Sawley Dene, 

( see  p. 85) whi le  beyond t h i s  i s  an ex tens ive  a c i d i c  

region  of m i l l s t o n e  g r i t ,  covered i n  p l a c e s  by a heav i ly  

leached "o lde r  d r i f t "  (Edwards, 1938) which would be 

ion-poor. Sawley Dene and Eavestone Lake, t h e r e f o r e ,  a r e  

probably t h e  l a s t  eu t roph ic  l akes  which might be found 

f o r  a cons ide rab le  d i s t a n c e  t o  t h e  west;  f o r  example, 

B r i m  Bray Pond and Lumley Moor Reservoir  (Fig,  3) 

a r e  both a c i d i c  i n  na tu re .  An except ion  i s  Malham Tarn, 

37 km west of Sawley, which i s  surrounded by h igh- level  

l imestone and suppor t s  a eu t rophic  plankton w i t h  A s t e r i o n e l l a  

in ,  sp r ing  and Anabaena flos-aquae a s  t h e  dominant blue-green 

a l g a  (Lund, 1 9 6 1 ) .  

Elsewhere i n  B r i t a i n ,  eu t rophic  c o n d i t i o n s  a r e  

a s soc ia ted  p r i m a r i l y  wi th  f e r t i l e  lowland r e g i o n s  such 

a s  those  surrounding t h e  Shropshire/Cheshire Meres 

(Reynolds, 1973a, 197681, p a r t s  of t h e  Norfolk Broads 

( P h i l l i p s ,  1977; Moss, 1977) and v a r i o u s  lowland r e s e r v o i r s  

(Ridley,  1970; Wilson -- e t  a l . ,  1975).  I n  t h e  l a t t e r  

examples, c h l o r o p h y l l  a concen t ra t ions  r e g u l a r l y  exceed - 
100 mg m-3 and win te r  maximum l e v e l s  of n i t r o g e n  and 

phosphorus may be ve ry  high ( s e e  P h i l l i p s ,  1977) .  

Two l a k e s  i n  which t h e  seasonal  success ion  has  a 

s t rong  s i m i l a r i t y  w i t h  t h a t  of Sawley Dene a r e  Slapton Ley, 

Devon (Benson-Evans e t  a l . ,  1 9 6 7 )  which has a mean depth 
7- 

of ca.  1.5 m,. and Balgavies  Loch, Angus, Scot land 

(Brook, 1 9 6 4 ;  S tewar t  -- e t  a l . ,  1977) of mean dep th  

ca.  3 m b u t  w i t h  a maximum depth of ca.  10 m. I n  

Slapton Ley t h e  success ion  i s  s i m i l a r  t o  t h a t  i n  Sawley 

except t h a t  t h e  " sp r ing"  diatoms ( A s t e r i o n e l l a ,  F r a g i l a r i a  

capucina and T a b e l l a r i a  f e n e s t r a t a )  tend t o  p e r s i s t  

through much of t h e  year .  Dinobryon cyl indricum appears  

i n  p lace  of D. d ivergens  i n  l a t e  sp r ing ,  and t h e  p r i n c i p a l  - 
blue-green a l g a e  a r e  Microcys t i s ,  Anabaena f los-aquae,  and 

Gloeot r ich ia .  Balgavies  Loch has t h e  common "spr ing"  

diatoms, Dinobryon d ivergens  and a.late-summer blue-green 

peak dominated by Microcys t i s  f los-aquae bu t  a l s o  wi th  

Aphanizomenon, Coelosphaerium, Anabaena c i r c i n a l i s  and 

o the r  Anabaena spp. ,  'and Ceratium. Examples of o t h e r  



lakes  where a  s i n g l e  blue-green a lga  tends  t o  predominate 

i n  summer a r e  common, e .g .  Microcys t i s  aeruginosa i n  

Rostherne Mere (Reynolds, 1978) , O s c i l l a t o r i a  a g a r d h i i  

i n  some I r i s h  loughs (Round & Brook, 1959) ,  and Aphanizomenon 

i n  Esthwaite Water (Lund, 1 9 7 2  a); however, t h e r e  appears  

t o  be no account i n  t h e  l i t e r a t u r e  of a  l ake  r e g u l a r l y  

dominated by Anabaena s o l i t a r i a .  The d i s t r i b u t i o n  of t h i s  

a l g a  a s  a  s u b s i d i a r y  component i n  t h e  plankton of o t h e r  

l akes  w i l l  be  reviewed i n  Sec t ion  3. 

Between-year v a r i a t i o n  i n  l akes  complicates  t h e  i n t e r -  

p r e t a t i o n  of p a t t e r n s  found i n  any s i n g l e  y e a r ,  a  cons iderable  

body of d a t a  from o t h e r  y e a r s  being requ i red  be fo re  a  

"normal" year  can be recognised wi th  confidence (Lund, 

1 9 6 4 ;  Round, 1971) .  The v a r i a b i l i t y  of t h e  Sawley Dene 

phytoplankton i s  b e s t  shown i n  Fig.  59 and F i g s  63 - 6 4 ;  

here  it may be seen t h a t  w i n t e r ,  mid-summer and autumn 

p a t t e r n s  a r e  more c o n s i s t e n t  than  those  of l a t e  sp r ing  o r  

l a t e  summer. A n o t a b l e  f e a t u r e  i s  t h e  occurrence o r  

prominence of some s p e c i e s  i n  c e r t a i n  years  only,  f o r  example 

Ceratium and Gloeo t r i ch ia  i n  1976, O s c i l l a t o r i a  i n  1977, 

and Uroglena i n  1977 and 1978. 

From t h e  s t a t i s t i c a l  a n a l y s i s  t h e  most s t a b l e  summer 

per iods  may be seen t o  be weeks 32a - 36a (1976) and 

26b - 36b (1977) ,' dur ing  which small-scale d e v i a t i o n s  a r e  

superimposed on t h e  broad c y c l i c  seasonal  p a t t e r n ( ~ i g s  6 1 ,  6 2 ) .  

These small  d e v i a t i o n s  r e p r e s e n t  f l u c t u a t i o n s  i n  subs id ia ry  

elements of t h e  plankton dur ing  per iods  of s t a b l e  dominance 

by t h e  major s p e c i e s  and would perhaps be rep resen ted  more 

a c c u r a t e l y  i f  d a i l y  obse rva t ions  were a v a i l a b l e ,  depending 

on how f a r  t h e  e f f e c t s  of sampling e r r o r  could be el iminated.  

I f  t h e i r  p r e c i s e  n a t u r e  could be es t ab l i shed  it might then 

be p o s s i b l e  t o  r e l a t e  them t o  small-scale  f l u c t u a t i o n s  i n  

environmental f a c t o r s ,  something which i s  n o t  p o s s i b l e  on 

t h e  p resen t  d a t a .  However, t h e  e f f e c t s  of d i u r n a l  v a r i a t i o n s  

would then be more marked and t h e s e  would have t o  be taken i n t o  

account a l s o ,  complicat ing t h e  p i c t u r e  cons iderably  

( c f .  Maulood e t  a l . ,  1978) .  -- 
During t h e  two win te r  pe r iods  t h e  main d e v i a t i o n s  of 

t h e  t r a c e  a r e  found when A s t e r i o n e l l a  temporar i ly  d e c l i n e s  

under i c e  cover l eav ing  a  t h i n  plankton of v a r i a b l e  composition; 

a s  A s t e r i o n e l l a  resumes i t s  growth t h e  t r a c e  r e t u r n s  t o  t h e  



v i c i n i t y  of i t s  former p o s i t i o n .  The renewed growth of 

A s t e r i o n e l l a  i n  e a r l y  J u l y  1978 (27c/28c) d i s t o r t s  t h e  

c y c l e  i n  F ig .  6 2 .  The r a p i d  autumn t r a n s i t i o n  i n  each 

year fo l lows  a  very  s i m i l a r  p a t h  and i s  cen t red  on weeks 

42  - 4 4  i n  each case ,  b u t  t h e  s p r i n g  t r a n s i t i o n  shows two 

d i s t i n c t  p a t t e r n s  d i f f e r i n g  i n  t h e i r  r e l a t i v e  propor t ions  of 

Volvox, Uroglena, Dinobryon and F r a g i , l a r i a .  I t  i s  p o s s i b l e  

t h a t  o t h e r  combinations might a l s o  be found i n  d i f f e r e n t  

yea r s  . 
Since  t h e  c l i m a t i c  c o n d i t i o n s  i n  1976 were s o  unusual,  

t hose  of 1 9 7 7  being much c l o s e r  t o  t h e  average,  it i s  

l i k e l y  t h a t  t h e  i n d i v i d u a l  c h a r a c t e r i s t i c s  seen  i n  t h e  1976 

d a t a  a r e  t h e  more except ional ,  e.g. t h e  dominance of 

Anabaena s o l i t a r i a  over t h e  e n t i r e  blue-green peak, t h e  

e a r l y  peak of Gloeot r ich ia  and t h e  occurrence of Ceratium 

and Peridinium i n  quan t i ty .  Spring 1977 was n o t a b l e  f o r  

a  bloom of Uroglena which was n o t  seen  t h e  previous  year  

b u t  t h i s  a l g a  has  been recorded a s  of sporad ic  appearance 

i n  d i f f e r e n t  y e a r s  by o the r  a u t h o r s  ( s e e  p, 4 7 ) .  The 

behaviour of A s t e r i o n e l l a  i n  1978 w a s  d i f f e r e n t  from t h a t  

i n  t h e  two previous years ,  forming only  a  smal l  s p r i n g  

maximum b u t  reappearing wi th  t h e  s t a r t  of t h e  blue-green 

a l g a l  peak. More yea r s  of r e c o r d s  would be r e q u i r e d  

b e f o r e  t h e  "normal" p e r i o d i c i t y  of t h i s  a l g a  i n  Sawley Dene 

could be  e s t a b l i s h e d .  

Much of t h e  emphasis i n  s t u d i e s  of long-term v a r i a b i l i t y  

i n  phytoplankton p a t t e r n s  (e .g .  Lund, 1 9 7 2  a,1973, 1978) 

has  been on t h e  d e t e c t i o n  of g radua l  t r e n d s  of  change 

a g a i n s t  a background of me teoro log ica l  and b i o l o g i c a l  

"noise" .  I t  i s  t h e  n a t u r e  of t h e  l a t t e r  which i s  of t h e  

g r e a t e s t  s i g n i f i c a n c e  f o r  a  short- term s tudy b u t  t h i s  has 

rece ived  cons iderably  less a t t e n t i o n  from r e s e a r c h e r s  

(Macan, 1970) .  It has been shown by Lund (1964) t h a t  

b i o l o g i c a l  f a c t o r s  such a s  f u n g a l  paras t i sm may be important  

i n  a f f e c t i n g  t h e  seasonal  success ion  i n  a d d i t i o n  t o  t h e  more 

obvious meteorologica l  i n f l u e n c e s  and, f u r t h e r ,  any 

i n t e r a c t i o n  of such f a c t o r s  may produce repe rcuss ions  i n  

success ive  seasons by, f o r  example, a f f e c t i n g  pools  of 

n u t r i e n t s  a v a i l a b l e  f o r  subsequent a l g a l  growth o r  by 

a l t e r i n g  t h e  s i z e  of "inoculurn" popula t ions .  While it i s  

c l e a r  t h a t  ~ b s e r v a t ~ o n s  over two o r  t h r e e  f i e l d  seasons 



alone cannot a l low many deduct ions t o  be made about t h e  

causes of t h e  v a r i a t i o n  observed, they  do i n d i c a t e  t h e  

na ture  and e x t e n t  of t h e  v a r i a b i l i t y  which can occur and 

so  suggest  how much confidence can be placed i n  d a t a  

from a s i n g l e  year .  



SECTION 3 P E R I O D I C I T Y  OF THE PRINCIPAL PHYTOPLANKTON 

ORGANISMS 

In t roduct ion  

.I The p e r i o d i c i t y  of phytoplankton spec ies  was followed 

I using inverted-microscope coun t s  over t h e  f i r s t  year  of 

t h e  study period and net-tow es t imat ions  over both  years .  

Both types  of r ecords  omit ve ry  small  s p e c i e s  and t h o s e  

which may only  be i d e n t i f i e d  by t h e  use  of e l e c t r o n  

microscopy (Sect ion  4 )  ; i n  add i t ion ,  c a s u a l  s p e c i e s  a r e  

genera l ly  omit ted.  A smal l  number of non-algal s p e c i e s  

(planktonic  Heliozoa) a r e  included s i n c e  t h e s e  could be 

recognised i n  t h e  samples and t h e i r  occurrence .is of 

i n t e r e s t  wi th  r e s p e c t  t o  o t h e r  a s p e c t s  of t h e  i n v e s t i g a t i o n  

(Sect ions 4 and 5 ) .  

Mate r i a l s  and Methods 

Tube samples from S t a t i o n s  A and B w e r e  c o l l e c t e d  

over t h e  per iod May 1976 - A p r i l  1 9 7 7  a s  desc r ibed  e a r l i e r  

(Phytoplankton, p. 2 4 ) .  A l iquo t s  of t h e s e  samples were 

concentrated i f  necessary  ( e .g .  by X 15 i n  p e r i o d s  

of very low biomass) and one p o r t i o n  of each sample was 

placed i n  a sedimentat ion chamber (Lund e t  a l . ,  1958) ,  
v- 

two drops of Lugol ' s  i o d i n e  added and t h e  organisms allowed 

t o  s e t t l e  f o r  a minimum of 3 h. The samples were then  

examined i n  a P r i o r  i n v e r t e d  microscope and counted under 

a X 10 o b j e c t i v e ,  enumerating 50 - 70 i n d i v i d u a l s  ( c e l l s ,  

co lon ies  o r  f i l a m e n t s )  i f  p o s s i b l e  o r  o therwise  a l l  t h e  

ind iv idua l s  i n  t h e  sample. The r e s u l t s  were expressed 

a s  ind iv idua l s  per  m 1  of t h e  o r i g i n a l  (unconcentrated)  

sample. 

In  t h e  curves  a s  p l o t t e d  here  (Figs  65 - 9 9 )  t h e  

S t a t i o n  B va lues  a r e  r ep resen ted  by t h e  c losed  c i r c l e s  and 

t h e  continuous l i n e  whi le  t h o s e  from S t a t i o n  A a r e  shown 

a s  sepa ra te  open c i r c l e s .  Peak va lues  i n d i c a t e d  on t h e  

curves r e f e r  t o  S t a t i o n  B. The lower p a r t  of each graph 

inc ludes  t h e  semi -quan t i t a t ive  e s t ima t ions  based on net-tow 

records  ( s e e  p.  25 )  over t h e  whole study period.  

Measurements from Sawley Dene ind iv idua l s  were used 

I 
a s  t h e  b a s i s  f o r  c a l c u l a t i o n s  of a l g a l  volume (Table 5 ) ,  



approximating ind iv idua l s  t o  r e g u l a r  geometr ical  shapes.  

The accuracy of t h e  e s t i m a t i o n s  i s  not  so g r e a t  a s  some 
/ 

o t h e r s  i n  t h e  l i t e r a t u r e  (e .g .  Wil len,  1 9 7 6 )  bu t  they  a r e  

be l ieved t o  r e p r e s e n t  t h e  Sawley m a t e r i a l  more c l o s e l y  

than  would d a t a  taken from o t h e r  au thors  ( s e e  Table 5) . 
These v a l u e s  were used i n  con junc t ion  with t h e  a l g a l  

counts  t o  produce a  composite diagram represen t ing  t h e  

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

c a l c u l a t e d  t o t a l  biomass over t h e  f i r s t  year of t h e  study. 

Resu l t s  and Discussion 

a )  Diatoms 

A s t e r i o n e l l a  formosa (Fig.  65) showed a  genera l  

win te r / sp r ing  p e r i o d i c i t y ,  be ing  absen t  over t h e  per iod  

June - October i n  1976 and 1977, a l though i n  1978 an 

e a r l y  summer peak occurred (27c/28c).  The absence of 

A s t e r i o n e l l a  i n  summer i s  c h a r a c t e r i s t i c  of t h e  epi l imnion 

of s t r a t i f i e d  l akes ,  ,whereas smal l e r  lakes  comparable t o  

Sawley Dene f r e q u e n t l y  suppor t  popula t ions  of As't'erio'n'ella 

and o t h e r  "spr ing"  diatoms throughout  t h e  year  (e.g.  

Slapton Ley: Benson-Evans -- e t  a l . ,  1 9 6 7 ) .  The numbers of 

A s t e r i o n e l l a  ' i n  Sawley Dene i n  spr ing.  1977 (l, 200 c o l s .  

r n l - l ,  equ iva len t  t o  a t  l e a s t  10,000 c e l l s  m l - l )  approach 

t h o s e  found i n  n u t r i e n t - r i c h  l a k e s  such a s  Abbot 's  Pond 

(MOSS, 1 9 6 9 ) ,  Crose Mere (Reynolds, 1973b) and Blelham 

Tarn (Lack & Lund, 1974) , and a r e  cons iderably  higher  than  
-1 

peak va lues  of ca .  100 - 500 c e l l s  m 1  t y p i c a l  i n  

Malham Tarn (Lund, 1 9 6 1 )  and C h i l l i n g t o n  Pool ( I r i s h ,  1977) .  

A s t e r i o n e l l a  was abundant i n  Sawley Dene c h i e f l y  during 

c o l d  pe r iods  (measured water  temperature below 1 2 0 ~ )  b u t  
0 i n  Ju ly  1978 development occurred  a t  over 15 C. Other 

i n s t a n c e s  of warm-water development have been repor ted  

elsewhere (Stoermer & Ladewski, 1976) and t h e  d e c l i n e  of 

of t h i s  s p e c i e s  i n  e a r l y  summer cannot  t h e r e f o r e  be 

a t t r i b u t e d  t o  inc reas ing  water  temperature.  S imi la r ly ,  

a l though A s t e r i o n e l l a  d e c l i n e s  a t  t h e  onset  of s t r a t i f i c a t i o n  

i n  l a r g e r  l a k e s  (Lund, 1978) t h i s  cannot be t h e  cause of 

c e s s a t i o n  of growth i n  Sawley Dene; it i s  most l i k e l y  

t h a t  chemical cond i t ions  a r e  r e spons ib le ,  i n s p a r t i c u l a r  

s i l i c a t e  d e p l e t i o n  ( c f .  Lund, 1 9 4 9 ,  - 1 9 6 4 ) .  The secondary 

development of A s t e r i o n e l l a  i n  e a r l y  summer 1978 may be 
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r e l a t e d  t o  a  smaller  sp r ing  populat ion than usua l ,  poss ib ly  

l imi ted  by c l i m a t i c  c o n d i t i o n s  i n  Apr i l ,  which may have 

f a i l e d  t o  exhaust t h e  a v a i l a b l e  s i l i c a t e  t o  t h e  usua l  

, e x t e n t  and thus  permi t ted  renewed growth of A s t e r i o n e l l a  

l a t e r  i n  t h e  season. 

Melosira i t a l i c a  subsp. subarc t i ca  (Fig.  66) formed 

a  t r a n s i e n t  l a r g e  popu la t ion  i n  J u l y  1 9 7 6  (week 28a) 

and t h e r e a f t e r  f l u c t u a t e d  e r r a t i c a l l y ,  being most prominent 

i n  autumn 1 9 7 6  and 1977. I t s  r a p i d  i n i t i a l  development 

i s  unexplained and does n o t  appear t o  be r e l a t e d  t o  sudden 

wind-induced mixing as has  been noted elsewhere (Lund, 1954, 

1971a: it occurred a t  t h e  t ime of peak water temperature 

during which t h e  l a k e  was e f f e c t i v e l y  s t agnan t .  One 

f e a t u r e  of t h e  Melosira  t r a c e  can, however, b e  a sc r ibed  t o  

t h e  e f f e c t  of turbulence ,  v i z .  t h e  reappearance of t h e  

a l g a  i n  t h e  plankton i n  s p r i n g  1977 and 1978 (7b, 12c) 

a f t e r  t h e  breakdown of i c e  cover.  A s t e r i o n e l l a ,  by 

c o n t r a s t ,  maintained a  reduced populat ion under i c e  each 

winter  (Fig.  65) . 
With t h e  except ion  of t h e  i n i t i a l  peak, Melosira 

i n  Sawley Dene reached maximum l e v e l s  of approx. 20 

f i l ament s  m l - l  (ca .  300 c e l l s  m l - l )  which i s  a. low v a l u e  

compared wi th  those  found i n  t h e  eut rophic  Lake D i s t r i c t  

l a k e s  (Lund, 1971.a; Lack & Lund, 1974) . However, t h e r e  

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

unexplained, f o r  example i t s  apparent  absence from t h e  

Shropshire  Meres (Reynolds, 1973a) .  

F r a g i l a r i a  capucina (Fig.  6 7 )  was s i g n i f i c a n t  only i n  

June 1 9 7 6  and April/May 1977; t h e  maximum S t a t i o n  B 
-1 

va lue  i n  t h e  former i n s t a n c e ,  7.7 X 100 p f i l a m e n t s  m 1  , 
-1 

corresponds t o  ca .  150 c e l l s  m 1  . No c l e a r  p a t t e r n  i s  

shown by t h i s  a lga :  i n  1 9 7 6  it occurred dur ing  an unusual ly 

waFm s p e l l  (water temperature ca .  18Oc) and i n  1978 it 

developed during a  co ld  pe r iod  (8 - 1 2 O C ) ,  a l though i n  each 

c a s e  it fo1lowed.a d e c l i n e  i n  t h e  numbers of A s t e r i o n e l l a .  

Its v i r t u a l  absence i n  t h e  in te rven ing  21-month period 

sugges ts  t h a t  t h i s  a l g a  does n o t  occupy a  s i g n i f i c a n t  p l a c e  

i n  t h e  Sawley Dene success ion ,  i n  c o n t r a s t  t o  i t s  prominent 

appearance i n  some o t h e r  eu t roph ic  l akes  (Round & Brook, 1959) .  

I s o l a t e d  c e l l s  of a  number of o the r  diatoms were found 

i n  t h e  n e t  c o l l e c t i o n s  b u t  were no t  i d e n t i f i e d  t o  spec ies ,  







including members of t h e  genera Navicula, P i n n u l a r i a ,  

S u r i r e l l a  and Gyrosigma. It i s  l i k e l y  t h a t  many of t h e s e  

c e l l s  o r i g i n a t e d  from t h e  bottom muds ( c f .  Round, 1957a) 

and entered  t h e  plankton through wind-induced turbulence  

wi th in  t h e  r e l a t i v e l y  s h o r t ,  u n s t r a t i f i e d  water  column. 

b)  Chrysophytes 

Dinobryon d iverqens  (Fig.  70) tended t o  be a  sp r ing  

form i n  Sawley Dene b u t  was very common on ly  in '1976 ,  

when it peaked i n  J u l y  (28a/29a) a f t e r  t h e  d e c l i n e  of 

A s t e r i o n e l l a  and F r a g i l a r i a .  P e a r s a l l  (193 2 )  documented 

a  s i m i l a r  tendency i n  t h e  more eut rophic  Engl ish  Lakes; 

although t h e r e  i s  some c o n f l i c t i n g  evidence,  it does appear 

t h a t  c e r t a i n  Dinobryon s p e c i e s  a r e  adapted t o  e x p l o i t  low 

phosphorus c o n d i t i o n s  such a s  may occur a f t e r  peaks of 

o the r  a l g a e  (Lehrnan, 1976) and a r e  of t e n  s u c c e s s f u l  i n  

o l igo t roph ic  wa te r s  (Brook, 1 9 6 4 ) ,  presumably f o r  a  

s i m i l a r  reason.  The J u l y  1976 Dinobryon peak reached 1 4  
-1 co lon ies  m 1  , comparable wi th  t h a t  of 85 c e l l s  rnl-I 

recorded i n  Blelham Tarn a f t e r  e u t r o p h i c a t i o n  (Lund, 1972b) 

bu t  cons iderably  l e s s  than  numbers found p r i o r  t o  eu t roph ica t ion  

o r  i n  t h e  Blelham experimental  tubes  a f t e r  r e d u c t i o n  of 

n u t r i e n t  supply (Lund, S. c i t .  ) . 
Uroglena americana (Fig.  7 2 )  was n o t  seen  i n  1 9 7 6  

bu t  produced occas iona l  l a r g e  popula t ions  i n  sp r ing  1977 and 

1978, notably  a t  weeks 20b/21b when it w a s  a c l e a r  dominant 

(ca.  60 c o l o n i e s  m l - l )  . Apart from a small  development 

i n  1978 (14c) i t s  main pe r iods  of abundance occurred during 

f a i r l y  warm weather (13 - 1 8 O ~ )  , concurr ing w i t h  t h e  information 

i n  Lund (1972a) and   to er her & Ladewski (1976);  t h e  l a t t e r  
0 authors  found an  apparent  optimum temperature of 18.5 C 

f o r  t h i s  a l g a  i n  Lake Michigan. It i s  l i k e l y  t h a t  

Uroglena i s  dependent on f a i r l y  c r i t i c a l  weather cond i t ions  

f o r  i t s  maximum development; i n  some y e a r s  it has produced 

very l a r g e  popu la t ions  a t  c e r t a i n  s i t e s  (Lund, 1 9 6 1 ;  

Gorham e t  a l . ,  1 9 7 4 )  whi le  i n  o the r  yea r s  i t s  c o n t r i b u t i o n  -- 
has been i n s i g n i f i c a n t .  

Mallomonas aca ro ides  v a r  . s t r i a t u l a  (Pig.  71) was 

prominent only i n  autumn and winter  1 9 7 6 ,  forming a  b r i e f  

peak i n  October (43a)  a f t e r  which many c e l l s  encysted.  Small 

numbers of c e l l s  were seen through t h e  winter ,  some i n  







c o l l e c t i o n s  under i c e .  M. aca ro ides  i s  a  f a i r l y  common - 
Mallomonas s p e c i e s  ( see  Sec t ion  4 ,  p. 61 )  b u t  i k  has  r a r e l y  

been recorded i n  LM-based surveys and i t s  p e r i o d i c i t y  i s  

poorly known. Asmund (1959) r e c o r d s  it a s  c h i e f l y  a  

sp r ing  and autumn form. 

Mallomonas akrokomos (Fig .  6 9 )  occurred c h i e f l y  a t  

low temperatures  (below ~ O C )  i n  Sawley Dene, i n  small  

numbers; a t  o t h e r  s i t e s ,  however, it can produce l a r g e r  

popu la t ions  i n  autumn/winter ( H a r r i s ,  1958; Reynolds, 1973a) 

and be found over much of t h e  year  except  i n  summer. 

EM i n v e s t i g a t i o n s  have shown t h i s  s p e c i e s  t o  be widespread 

( s e e  Sec t ion  4,  p. 6 9 )  and it i s  one of t h e  few Mallomonas, 

s p e c i e s  f o r  which r e l i a b l e  L M  r e p o r t s  e x i s t  (Lund, 1 9 4 2 ;  

Belcher & Storey ,  1968; I r i s h ,  1 9 7 7 ) .  

Paraphysomonas v e s t i t a  (Fig.  68) was prominent on 

only  one occasion i n  Sawley Dene, i n  a  sample taken through 

t h e  i c e  i n  January 1977 (4b) .  I t s  h e t e r o t r o p h i c  mode of 

n u t r i t i o n  would presumably be a  compet i t ive  advantage 

i n  c o n d i t i o n s  of poor i l l u m i n a t i o n .  This  s p e c i e s  has  

r a r e l y  been recorded from f reshwate r  b u t  i ts s c a l e s  a r e  

among t h e  commonest o b j e c t s  seen i n  EM p repara t ions  

(Balonov, 1972; see  Sec t ion  4 ,  p. 75) . On t h e  p r e s e n t  

evidence it would seem t o  favour  small  water-bodies 

and only  occas iona l ly  develop t r u l y  p lank ton ic  populat ions.  

c )  Green Algae 

The green  a l g a e  on which d a t a  a r e  included here  belong 

t o  t h e  genera Eudorina and Volvox of t h e  Volvocales; 

E l a k a t o t h r i x  of t h e  Te t raspora les ;  Asterococcus,  

Dictyosphaerium, Pediastrum and S'cen'edesmus of t h e  

Chlorococcales  j and C l o s t e r i ' m  and' S'taurastrum of t h e  

Desmidiales. , 

Eudorina elegans ' ( ~ i g .  7 3 )  ,was p r e s e n t  a lmost  

cont inuous ly  over t h e  s tudy pe r iod ,  a  s i t u a t i o n  p a r a l l e l l e d  

on'ly by Trachelomonas volvocina ( s e e  below). Small 

q u a n t i t i e s  of Pandorina morum Bory were probably a l s o  

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

j u v e n i l e  Eudorina colonies ;  t h e y  a r e  included i n  t h e  

Eudorina counts .  The numbers of Eudorina f l u c t u a t e d  

markedly over  1 9 7 6  and 1 9 7 7 ,  r i s i n g  t o  over 100 co lon ies  

rnl-I i n  J u l y  1 9 7 6  (31a) b u t  d e c l i n i n g  t o  ca.  2 co lon ies  





-1 m 1  on occasion t h e r e a f t e r  (34a, 40a) .  S i m i l a r  t r e n d s  

were seen a t  each sampling s t a t i o n  and they must t h e r e f o r e  

r ep resen t  a  genera l  p a t t e r n  i n  t h e  lake  popula t ion  r a t h e r  

than a  chance sampling e f f e c t .  Eudorina w a s  p l e n t i f u l  under 

i c e  i n  winter  1976/7 b u t  v i r t u a l l y  absent  i n  t h e  corresponding 

period of 1977/8. 

Although Eudorina (and Pandorina) i s  sometimes seen i n  

mesotrophic o r  even o l i g o t r o p h i c  s i t u a t i o n s  (Round & Brook, 

1959) ,  i t s  main h a b i t a t  appears  t o  be eu t roph ic  l a k e s  i n  

e a r l y  summer whi le  inorgan ic  n u t r i e n t s  a r e  r e l a t i v e l y  

p l e n t i f u l  (Hickman, 1974; Reynolds, 1976b) . Thus t h e  

d i s t r i b u t i o n  of Eudorina i n  Sawley Dene might r e f l e c t  t h e  

a v a i l a b i l i t y  of n u t r i e n t s ,  e.g. n i t rogen  or  phosphorus, 

over t h e  summer per iod;  t h e  two populat ion minima i n  1 9 7 6  

(34a, 40a) can be seen  t o  coinc ide  wi th  minor " s t r a t i f i c a t i o n "  

events  i n  t h e  water  column (Fig.  1 2 ) ,  a l though a  previous  

such event  (28a/29a) corresponds t o  only  a  s l i g h t  decrease  

i n  Eudorina a t  S t a t i o n  B and an inc rease  a t  S t a t i o n  A. 

From October 1977 t o  J u l y  1978 t h e  numbers of 

Eudorina were lower t h a n  previous ly  and on occas ion  it was 

absent  a l t o g e t h e r .  The p r e s e n t  information i s  i n s u f f i c i e n t  

t o  expla in  t h i s  apparent  change i n  behaviour. 

Volvox aureus  (Fig.  7  4 )  con t r ibu ted  s i g n i f i c a n t l y  t o  

t h e  e a r l y  summer g reen  a l g a l  per iod i n  1 9 7 6  a l though small  

numbers of c o l o n i e s  w e r e  involved. Another peak was seen . 

i n  May 1977 (19b) ,  immediately p r i o r  t o  a l a r g e  development 

of Uroglena americana. V. aureus i s  apparen t ly  confined - 
t o  neutrophic waters  (Round & Brook, 1959; Brook, 1 9 6 4 )  

where it poss ib ly  s h a r e s  some of f h e  environmental  

requirements of Eudorina (Reynolds, 1976b) , al though i t s  

maxima tend t o  be t r a n s i e n t  (e.g. Abdel Karim, 1965).  I n  

Sawley Dene, t h e  1976 popula t ions  of Volvox showed t h e  most 

v a r i a b i l i t y  of any a l g a  between t h e  two sampling s t a t i o n s .  

Members of t h e  T e t r a s p o r a l e s  and Chlorococcales were 

most f requent  over 1 9 7 6 ,  t h e  p e r i o d i c i t y  involv ing  

Pediastrum duplex i n  June (Fig.  7 9 )  and E l a k a t o t h r i x  

g e l a t i n o s a  and Scenedesmus a r c u a t u s  i n  ~ctober/November 

(Figs  75, 78) ; t h e  o t h e r  s p e c i e s  mentioned above were 

p resen t  only o c c a s i o n a l l y  over t h e  r e s t  of t h e  s tudy 

period.. Two s p e c i e s ,  Asterococcus superbus and Dictyosphaerium 

pulchellum, d i d  s l i g h t l y  b e t t e r  than  t h e  r e s t  i n  1 9 7 7  b u t  
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numbers were s t i l l  low (F igs  7 6 ,  7 7 ) .  

Chlorococcales tend  t o  favour condi t ions  where 

n u t r i e n t s  a r e  r a r e l y  l i m i t i n g ,  even i n  s m e r  (Stewart  

e t  a l . ,  1 9 7 7 ;  Stoermer, 1978) and they may be common where -- 
i npu t  of organic  m a t t e r  i s  s i g n i f i c a n t  (Reynolds, 1973a);  

it has sometimes been suggested t h a t  t h e i r  appearance i n  

eut rophic  l a k e s  i n  s m e r  might be r e l a t e d  t o  t h e  senescence 

of l a r g e  popula t ions  of o t h e r  a l g a e  (Reynolds, 1 9 7 1 )  . I n  

Sawley Dene numbers were g e n e r a l l y  low and t h e r e  i s  l i t t l e  

evidence of a c l e a r  p e r i o d i c i t y  i n  success ive  years .  

Dictyosphaerium pulchellum i s  no t  r e s t r i c t e d  t o  eu t roph ic  

l a k e s  (Round & Brook, 1959; Stoermer, 1978). 

Three spec ies  of desmids were recorded i n  t h e  Sawley 

Dene plankton; Closter ium acutum var  . v a r i a b i l e  (Fig.  81) 

and Staurastrum c f .  cingulum (Fig.  82) developed s i g n i f i c a n t  

populat ions i n  summer 1976, while  Closterium c f .  l i t t o r a l e  

(Fig.  80) appeared s p o r a d i c a l l y  i n  t h e  n e t  c o l l e c t i o n s .  

The p rov i s iona l  de te rmina t ion  of t h e  Staurastrum s p e c i e s  

a s  S. cingulum was based on Brook (1959: PI.  1 2 ,  F i g s  4 - 6 )  - 
although S. pingue T e i l i n g  i s  a poss ib le  a l t e r n a t i v e  - 
i d e n t i f i c a t i o n .  S. pingue has a somewhat more eu t roph ic  - 
d i s t r i b u t i o n  khan S. cingulum (Brook, 1965).  - 

Canter & Lund (1966) c o r r e l a t e  t h e  appearance of 

desmids wi th  warm water  temperatures  i n  Windermere al though 

t h e  s p e c i e s  concerned, a r e  n o t  s t a t e d .  (A l a t e r  paper,  

Lund, 1971b, i d e n t i f i e s  only  Staurastrum lunatum and two 

Cosmarium spec ies  i n  t h e  Windermere p lank ton) ,  Staurastrum 

"paradoxum", a name former ly  appl ied  t o  many forms of t h e  

S. cingulum/S. pingue type  (Brook, 1959) has been found t o  - - 
dominate t h e  plankton of some European l akes  i n  summer 

( s e e  Hutchinson, 1 9 6 7 ) .  

d )  Dinof l a g e l l a t e s  

The two d i n o f l a g e l l a t e s  Ceratium h i r u n d i n e l l a  (Fig.  83) 

and Peridinium cinctum (Fig.  84) were prominent dur ing  

1 9 7 6  and con t r ibu ted  s t r o n g l y  t o  t h e  t o t a l  biomass i n  

l a t e  summer ( s e e  F ig .100) .  Both spec ies  were a l s o  seen 

i n  successive y e a r s  b u t  never developed extensi.ve popula t ions .  

Ceratium i s  commonly recorded i n  t h e  summer plankton of 

eu t rophic  l akes ,  a l though it may a l s o  occur i n  waters  of 

lower t r o p h i c  s t a t u s '  (Round & Brook, 1959) ; it appears  







t o  r each  i t s  maximum abundance i n  r e l a t i v e l y  l a r g e  water 

bodies  (e .g .  Heaney, 1976; Reynolds, 1978) . The a b i l i t y  

of Ceratium t o  grow i n  e p i l i m n e t i c  waters  l a r g e l y  deple ted  

of n u t r i e n t s  enables  it t o  compete e f f e c t i v e l y  with t h e  

blue-green a lgae ,  which it may eventua l ly ,  r e p l a c e  i n  l a t e  

summer (Reynolds, 1976a) .  P a r t  of t h e  success  of Ceratium 

under t h e s e  condi t ions  may be  a t t r i b u t a b l e  t o  i t s  c a p a b i l i t y  

f o r  v e r t i c a l  migrat ion on a  d a i l y  b a s i s  ( T a l l i n g ,  1971),  

enabl ing  c e l l s  t o  o b t a i n  n u t r i e n t s  from t h e  lower l a y e r s  of 

a  s t r a t i f i e d  lake.  The absence of Ceratium i n  q u a n t i t y  

dur ing  1977 and e a r l y  1978 may be t h e  " t y p i c a l "  cond i t ion  

f o r  Sawley Dene, which, because of i t s  l i m i t e d  depth,  

probably does no t  provide t h e  i d e a l  s i t u a t i o n  f o r  t h i s  

a l g a ;  t h e  1 9 7 6  populat ion may r e f l e c t  a  g r e a t e r  degree of 

n u t r i e n t  s t r e s s  occurr ing  i n  t h a t  summer and it i s  note- 

worthy t h a t  tEe rap id  i n c r e a s e  i n  Ceratium seen over weeks 

31a - 33a co inc ides  with a  temporary c o l l a p s e  of t h e  

Eudorina populat ion ( s e e  p, 48) . 
Peridinium cinctum developed i n  a very  s i m i l a r  manner 

t o  Ceratium during l a t e  summer 1976, implying t h a t  t h e  

environmental  requirements  of t h e  two s p e c i e s  a r e  probably 

comparable, I n  t h e  succeeding seasons i t s  p e r i o d i c i t y  

was aga in  s i m i l a r  t o  t h a t  of Ceratium a l though on some 

occas ions  it was p resen t  i n  s l i g h t l y  g r e a t e r  numbers than  t h e  

l a t t e r  spec ies .  I n  c o n t r a s t  t o  Ceratium, t h e  genus 

Peridinium has  a  number of f r e shwate r  r e p r e s e n t a t i v e s  and 

t h e  summer p e r i o d i c i t y  of P. cinctum i s  n o t  t y p i c a l  of t h e  - 
genus a s  a  whole ( c f .  Round, 1971) .  

A small  Gyrnnodinium sp. ( o r  p o s s i b l y  s e v e r a l  s p e c i e s )  

was seen f o r  t h e  f i r s t  t i m e  i n  summer 1 9 7 7  (Fig.  85) 

b u t  t h e  i d e n t i t y  of t h e  c e l l s  was n o t  e s t a b l i s h e d .  

e )  Cryptomonads 

Small cryptornonads were sometimes f a i r l y  f r equen t  i n  

t h e  n e t  c o l l e c t i o n s  (Fig.  86) b u t  were only counted 

o c c a s i o n a l l y  i n  t h e  volumetr ic  samples, e.g. on wks 

18b/19b when peak l e v e l s  (ca .  2 0  c e l l s  m l - l )  were encountered* 

Most of t h e  c e l l s  corresponded t o  Rhodomonas minuta 

(=Rhodomonas l a c u s t r i s  Pascher e t  Ruttner  i n  Javornicky, 

1 9 7 6 )  w i th  occasional  l a r g e r  c e l l s  of t h e  Cryptornonas ovata 

type  ( s e e  F i g s  37, 38) a l though exac t  de terminat ion  was 
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usua l ly  d i f f i c u l t .  

Cryptomonads a r e  undoubtedly widely d i s t r i b u t e d  

( c f .  Lund, 1 9 6 2 )  bu t  they"  a r e  probably sometimes overlooked 

when p r e s e n t  only  i n  small  numbers and many a s p e c t s  of 

t h e i r  ecology remain obscure.  They tend t o  p r e f e r  

eu t rophic  s i t u a t i o n s  (Round, 195733) where t h e y  may be 

f r equen t  on t h e  bottom muds; some of t h e  l a r g e r  s p e c i e s  

can become prominent i n  t h e  plankton a l s o ,  f o r  example 
-1 

Cryptomonas ovata  i n  Crose Mere ( 2,500 c e l l s  m 1  i n  

spring: Reynolds, 1973b) and C .  e rosa  i n  Abbot 's  Pond 

(Hickman, 1974) -  I t  would t h e r e f o r e  appear t h a t  Sawley 

Dene i s  comparat ively poor i n  cryptornonads; t h i s  i s  

somewhat s u r p r i s i n g  cons ide r ing  i t s  eut rophic  s t a t u s  and 

t h e  g e n e r a l l y  s h o r t  water  column which might f a c i l i t a t e  

t r a n s f e r  of cells  from t h e  benthos t o  t h e  plankton. 

E )  Euglenoids 

Trachelomonas volvocina  (Fig.  88)  was t h e  most cons tan t  

a l g a  recorded i n  t h i s  survey, occurr ing i n  49 of t h e  52 

fo r tn igh t -pe r iods  desc r ibed  on p. 25.  A second 

Trachelomonas sp. (Fig.  4 0 )  was a l s o  p r e s e n t  i n  t h e s e  

c o l l e c t i o n s  and has  been included i n  t h e  counts  f o r  

T. volvocina,  of which it t y p i c a l l y  comprised 5 - 10% of - 
t h e  t o t a l .  Numbers of Trachelomonas showed some tendency 

t o  be h i g h e s t  i n  summer and were s u f f i c i e n t  t o  make a  small  

b u t  d e t e c t a b l e  c o n t r i b u t i o n  t o  t h e  summer biomass i n  

1976 ( s e e F i g .  100 and p. 5 6 ) .  A "f reak"  h i g h c o u n t  of 

Trachelomonas was recorded from t h e  s i n g l e  sample taken 

through t h e  i c e  i n  wk 52a and t h i s  probably r e f l e c t s  l o c a l  

aggregat ion of t h e  c e l l s  a t  a  p a r t i c u l a r  p o i n t  s i n c e  a  

s i m i l a r  high va lue  was no t  found i n  t h e  n e t  c o l l e c t i o n  

from t h a t  d a t e  o r  under i c e  i n  t h e  subsequent year.  

Trachelomonas has  been shown by Round (1957b) and 

Hickman ( 1 9 7 4 )  t o  be favoured by deoxygenated, poorly 

i l luminated  cond i t ions  low i n  t h e  water column and probably 

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

p e r s i s t e n c e  i n  t h e  Sawley Dene plankton may t o  some ex ten t  

r e f l e c t  t h e  proximity of t h e  bottom muds t o  t h e  water 

su r face  and it seems t o  have produced i t s  h i g h e s t  popula t ions  

i n  t h e  ho t  summer of 1 9 7 6  wi th  a s soc ia ted  temporary development 

of deoxygenation near  t h e  bottom muds (Fig.  12)  . 





A Euglena spec ies ,  p r o v i s i o n a l l y  i d e n t i f i e d  a s  

E .  v e l a t a ,  occurred i n  small  q u a n t i t i e s  on a  number of - 
occasions (Fig .  8 7 ) .  I n  f r e s h  c o l l e c t i o n s  c e l l s  r a p i d l y  

sank o u t  and it i s  t h e r e f o r e  l i k e l y  t h a t  t h i s  spec ies  

t y p i c a l l y  i n h a b i t s  t h e  lower p a r t  of t h e  water  column 

i n  Sawley Dene and occurs i n  t h e  su r face  plankton only 

a f t e r  t u r b u l e n t  mixing.. Round (1957b) noted a  number 

of Euglena spp. on mud s u r f a c e s  i n  t h e  English Lakes, 

p a r t i c u l a r l y  i n  t h e  more product ive  waters .  

g)  Blue-Green Algae 

The p e r i o d i c i t y  of t h e  blue-green a lgae  i n  Sawley 

Dene i s  t o  be  considered i n  d e t a i l  by H.A. Cmiech ( t h e s i s  

i n  p r e p a r a t i o n )  and only pre l iminary  comments w i l l  be 

inc luded he re .  

Anabaena s o l i t a r i a  (Fig.  89) reached s i m i l a r ,  dominant 

l e v e l s  i n  each year  of t h e  s tudy  per iod;  i s o l a t e d  observat ions  

from 1 9 7 4  and 1 9 7 9  suggest  t h a t  t h i s  a l g a  i s  t h e  most 

r e g u l a r  blue-green dominant i n  Sawley Dene, a l though i t s  

predominance over  t h e  whole p e r i o d  of peak biomass i n  

1976 was perhaps a t y p i c a l  ( s e e  previous d i s c u s s i o n ,  

p. 4 2 ) .  Aphanizomenon flos-aquae (Fig.  93) and 

O s c i l l a t o r i a  a g a r d h i i  (F ig .  92) a l s o  reached dominant 

p ropor t ions  i n  1977. Of t h e  s p e c i e s  which produced 

noteworthy sub-dominant popu la t ions ,  Gloeo t r i ch ia  e c h i n u l a t a  

(Fig.  96) formed a su r face  bloom e a r l y  i n  t h e  1 9 7 6  peak 

pe r iod  (29a) , t h e  very l a r g e  colony s i z e  (Table 5 )  

compensating f o r  t h e  low numbers of co lon ies  i n  t h e  water  

column and producing 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  

biomass. Anabaena flos-aquae and A. s p i r o i d e s  (Figs  90, 9 1 )  - 
were more prominent i n  1 9 7 7  than  1 9 7 6 ,  whi le  Microcys t i s  

aeruginosa (Fig .  9 4 )  and Coelosphaerium naegelianum 

(Fig .  95) remained r e l a t i v e l y  minor c o n s t i t u e n t s  of t h e  

blue-green a l g a l  f l o r a  each yea r .  

The counts  fo,r Anabaena s o l i t a r i a  a r e  noteworthy i n  

t h a t  t h i s  s p e c i e s  con t r ibu ted  most s t r o n g l y  t o  t h e  1 9 7 6  

peak summer biomass ( see  p.  56) and thus  would account f o r  

much of  t h e  chlorophyl l  a  recorded during t h i s  p e r i o d  - 

(Fig .  1 3 ) .  The l a t t e r  r e s u l t s  show a  d i f f e r e n c e  between 

t h e  two sampling s t a t i o n s ,  S t a t i o n  A d i s p l a y i n g  a  s h o r t e r ,  
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more i n t e n s e  ch lo rophy l l  peak than S t a t i o n  B. By comparison, 

t h e  A.  s o l i t a r i a  counts  (made on a l i q u o t s  of t h e  same - 
samples) show no evidence of peak populat ions of t h i s  

spec ies  being c o n s i s t e n t l y  higher  a t  S t a t i o n  A than  a t  

S t a t i o n  B, a l though t h e  eventua l  d e c l i n e  i s  more r a p i d  

a t  S t a t i o n  A a s  i n  t h e  chlorophyl l  da ta .  There would 

thus  appear t o  be some l i m i t a t i o n s  on t h e  r e l a t i o n s h i p  

between a l g a l  coun t s  and chlorophyl l  a  de terminat ions ;  - 
t h i s  po in t  w i l l  be g iven  f u r t h e r  cons ide ra t ion  i n  t h e  

General Discussion (p.  111) . 
Of t h e  o t h e r  blue-green a lgae ,  t h e  counts  f o r  

Aphanizomenon show cons ide rab le  f l u c t u a t i o n s  and a r e  perhaps 

t h e  l e a s t  r e l i a b l e ,  owing t o  t h e  markedly non-random 

d i s t r i b u t i o n  of f i l a m e n t s  of t h i s  a lga  ( a s  aggrega tes  o r  

" f l a k e s " )  i n  t h e  samples sedimented f o r  count ing.  An 

element of u n c e r t a i n t y  a l s o  e x i s t s  f o r  t h e  Mic rocys t i s  

de terminat ions  s i n c e  a cons ide rab le  v a r i a t i o n  i n  colony s i z e  

was observed, 

h)  Heliozoans 

The t h r e e  s p e c i e s  of Heliozoa de tec ted  w i t h  t h e  l i g h t  

microscope (Acanthocyst is  t u r f a c e a ,  A .  e r inaceo ides  'and - 
Raphidocystis t u b i f e r a ,  F i g s  97 - 9 9 )  were o c c a s i o n a l l y  

p resen t  i n  t h e  Sawley plankton i n  autumn 1976 b u t  were 

r a r e l y  found t h e r e a f t e r .  I t  might t h e r e f o r e  be assumed 

t h a t  t h e  unusual  weather cond i t ions  of 1 9 7 6  could  have been 

respons ib le  f o r  t h e  appearance of t h e s e  organisms i n  t h e  

plankton b u t  i n s p e c t i o n  of Fig.  8 r e v e a l s  t h a t  t h e  two 

l a t t e r  s p e c i e s  were found both  during t h e  e x c e p t i o n a l l y  d ry  

period (July/August) and dur ing  t h e  two months wi th  heavy 

r a i n  (September/October). A s t r a igh t fo rward  response 

t o  some c l i m a t i c  f a c t o r  t h u s  appears un l ike ly ;  an 

a l t e r n a t i v e  p o s s i b i l i t y  i s  t h a t  t h e  appearance of t h e s e  

spec ies  i s  r e l a t e d  t o  t h e  populat ion dynamics of some 

a l g a l  or protozoan food organism o r  of b a c t e r i a  feeding  on 

decomposing a l g a e ,  b u t  information on t h i s  p o i n t  i s  lacking.  

Acanthocyst is  t u r f a c e a  has  been recorded a  number of 

t imes from B r i t a i n  (Wailes 1921, including a  Yorkshire 

record from West & West) and i t s  p re fe r red  h a b i t a t  i s  

descr ibed a s  " l a k e s ,  ponds and moorland pools"  (Wailes, 

loc .  c i t .  ) . A. e r inaceo ides  i s  known from i t s  type  - -  - 



Figs 97 - 99. Periodicity of Acanthocystis turfacea, Acanthocystis erinaceoides and Raphidocystis tubifera, 

Acan-tlioc;ysti_s turf acea 
Carter 

Acanthocystis erinaceoides 1 1 1: 1 1 Feterso et Hans, 

0 I0 0 0 1 0  

Raphidocystis tubifera 
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l o c a l i t y  i n  Denmark (Pe te r sen  & Hansen, 1960) and from 

Scot land (source  of a  c u l t u r e  depos i ted  with C.C.A.P. ,  

Cambridge: s e e  George, 1976) .  Raphidocystis t u b i f e r a  

i s  p r e v i o u s l y  unrecorded f o r  B r i t a i n ;  f u r t h e r  information 

on t h i s  s p e c i e s  i s  given i n  Sec t ion  5 (p.  104) . 

Volumetric Es t imat ion  of Biomass from Algal Counts 

Es t imat ions  of t h e  c e l l  volumes of d i f f e r e n t  spec ies  

a r e  r equ i red  i f  t h e  c o n t r i b u t i o n  of each t o  t h e  t o t a l  

biomass i s  t o  be c a l c u l a t e d .  Values a r e  a v a i l a b l e  i n  t h e  

l i t e r a t u r e  (See Table 5 ) b u t  t h e s e  show some d i sc repanc ies  

i n  i n d i v i d u a l  cases  even when an  a t tempt  i s  made by some 
/ au thors  t o  measure s e v e r a l  hundred c e l l s  (e.g.  Willen,  

1976);  it seems t h a t  t h e  d i f f e r e n c e  i n  s i z e  between t h e  

c e l l s  of d i f f e r e n t  popula t ions  may render  previous  

de te rmina t ions  i n a p p l i c a b l e  even i f  t h e  l i t t e r  were very 

p r e c i s e .  I n  t h e  p resen t  i n v e s t i g a t i o n  c e l l  volumes were 

c a l c u l a t e d  according t o  t h e  dimensions found here ,  approximating 

each t o  a  sphere,  cy l inder  o r  r ec tangu la r  box a s  appropr ia te ;  

some i n a c c u r a c i e s  w i l l  i n e v i t a b l y  have occurred owing t o  

t h e  approximations used o r  t o  v a r i a b i l i t y  i n  t h e  n a t u r a l  

popu la t tons  b u t  it is  hoped t h a t  t h e s e  a r e  l e s s  s e r i o u s  than  

those  which might be introduced i f  va lues  were merely taken 

from t h e  l i t e r a t u r e .  

For c o l o n i a l  a lgae  f u r t h e r  approximations a r e  necessary 

a s  t h e  a c t u a l  number of c e l l s  o r  f i l ament s  p e r  colony 

sometimes cannot  be es t imated  d i r e c t l y .  The va lues  

adopted h e r e  a r e  f i r s t - o r d e r  approximations only  and would 

need t o  be r e f i n e d  i f  more d e t a i l e d  q u a n t i t a t i v e  s t u d i e s  were 

t o  be rrlade; i n  t h a t  case ,  however, it would a l s o  be 

necessary  t o  monitor changes i n  c e l l  o r  colony s i z e  over 

t h e  season and t o  pay more a t t e n t i o n  t o  t h e  s t a t i s t i c a l  

r e l i a b i l i t y  of t h e  counts.  

Two s p e c i e s  of complex shape requi red  a  more involved 

c a l c u l a t i o n :  f o r  Staurastrum t h e  volumes of t h e  c e l l  body 

and t h e  protuberances were es t imated  s e p a r a t e l y  and t h e  

va lues  added toge the r ,  whi le  f o r  Ceratium t h e  c a l c u l a t i o n  

of w i l l &  ( 1 9 7 6 )  was followed. The counts f o r  Trachelomonas 

included two spec ies  of d i f f e r e n t  s i z e ;  i n  t h i s  c a s e  t h e  

approximate r a t i o  of t h e i r  r e s p e c t i v e  c e l l  numbers was 

taken  i n t o  account i n  determining a "mean" c e l l  volume. 



Table 5, Values fo r  algal  volumes used i n  calculation 
o f  Fig, 100, 

Species Volume per Basis of estimation Values ~iven 
"inClividua2." by other..iruthors 

(p3 (P') 

Asterionella f ormosa - 5,500 550 p per cell; per cell: 3 

(colony) av. 10 cells per colony 

.550 5 
6,800 340 p 3 per cell; per cell: 

20 cells per 100 p 486 (1); 200 (4) 
Melosira italica subsp. 7,000 470 pm3 per cell; 
subarc t i m l a m e n t  ) 15 cells per filanent 

5,500 225 3 per cell; per cell: 
20 cells per colony S00 (2); 110 (5) 

Mallomo~as acaroides 900 

3 Volvox aureus 40,000 40 pm per cell; colony: 
-(colony) 1,000 cells per colony 27,000 (1) ; 

30,OOp (4) 
~uddrina ele ans 2,900 180 pm 3 per cell; 
v n y +  

13,500 (1); 
16 cells per coLofiy 4,000 (2) ; 

3,000 (4) 
Staurast-m cf. 7,600 "par:d;mm" : 
cin,.ulum (cell) 20,000 2 

Peridinih cinctum 45,000 Pd willei: 
(cell)- - 

4 0 , m 2 )  

Ceratium hirundinella 42,000 as in 'dillin (5) 

. . m . . 
3 Trachelomonas spp. 2,100 1,530 pm for small large cells: 

(per cell, average) cells (c30 9%); 2,800 (5)  
5,600 pm for large 

cells 

Ane-baena soli taria 3,500 filament length 90 p ,  
' - e r  diameter 7 pm . . 

2,500 filament length 200 pm, 
diameter 4 p 
40 p3 per cell; . per cell: 30 (1) ; 

1,500 cells per colony colony: 100,000 
(2); 100,000 (3) 

Coelosphaerim 15,000 jO p! per' cell ; .per cell: 20 (5) 
naeaelianum (colony) 500 cells per colony 

Gloeotrichia 14,000,000 filament length 500 
echinulata (colony) p, diameter 6 p ;  

1,000 filaments per 
colony 

References : [l) = Bellinger (1974) ; (2 = Findenegg, in Vollenweider (1974) ; 
3) = Nalewajko (1966); (4 '=  Nauwerck (1963); (5) = Willen (1976). 
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Prel iminary  c a l c u l a t i o n s  suggested t h a t  t h e  t o t a l  

c a l c u l a t e d  biomass i n  summer 1976 would exceed 100 X 10 5  

m and t h e r e f o r e  a  l e v e l  of 1 x 105 pm3 m l - l  was 

chosen t o  r e p r e s e n t  t h e  minimum " s i g n i f i c a n t "  c o n t r i b u t i o n  

by any one spec ies .  This  l e v e l  corresponds t o  0 . 1  m3 1-l 

o r  0 . 1  cm3 m-3 a s  expressed elsewhere i n  t h e  l i t e r a t u r e .  

From t h e  v a l u e s  g iven  i n  Table 5  it i s  c l e a r  t h a t  d i f f e r e n t  

spec ies  would reach  t h i s  l e v e l  wi th  d i f f e r e n t  numbers of 
5 i nd iv idua l s .  For example, i n  1 m l ,  l X 10 F 3  would 

be provided by approximately 110 c e l l s  of Mallomonas, 

29 f i l a m e n t s  of Anabaena s o l i t a r i a ,  18 c o l o n i e s  of 

A s t e r i o n e l l a  o r  2.4 c e l l s  of Ceratium; t h e  same l e v e l  would 

be provided by 1.7 Microcys t i s  c o l o n i e s  o r  0.0007 of 

a  Gloeo t r i ch ia  colony. The minimum " s i g n i f i c a n t "  l e v e l  

was c a l c u l a t e d  f o r  each s p e c i e s  and compared with recorded 

va lues  t o  enab le  pe r iods  of s i g n i f i c a n t  biomass t o  be 

i d e n t i f i e d ,  w i t h i n  which t h e  volumetr ic  c o n t r i b u t i o n  of 

each s p e c i e s  was c a l c u l a t e d .  

F igure  100 shows t h e  t o t a l  c a l c u l a t e d  biomass f o r  

S t a t i o n  B and t h e  r e l a t i v e  c o n t r i b u t i o n s  by a l g a e  of each 

c l a s s .  The t o t a l  biomass c a l c u l a t e d  f o r  S t a t i o n  A i s  

a l s o  shown (broken l i n e )  where t h i s  d i f f e r s  apprec iably  

from t h a t  f o r  S t a t i o n  B. The 1976 summer peak commencing 

i n  J u l y  i s  seen  t o  be due p r i n c i p a l l y  t o  t h e  blue-green 

a l g a e  a l though small  amounts are c o n t r i b u t e d  by diatoms 

(Melos i ra ) ,  green a l g a e  ( c h i e f l y  Eudorina and Staurastrurn) 

and euglenoids  (Trachelomonas) . From mid-August t o  t h e  end 

of September t h e  d i n o f l a g e l l a t e s  (Peridiniurn and Ceratium) 

form an important  s u b s i d i a r y  component of t h e  biomass; 

a t  t h e  peak l e v e l s  recorded (wk 3 6 a ) ,  t h e  composition 

(by volume) a t  S t a t i o n  B i s  79% blue-green a l g a e  ( inc lud ing  

68.5% from Anabaena s o l i t a r i a ) ,  18.9% d i n o f l a g e l l a t e s  and 

2 . 1 %  from o t h e r  a lgae .  

The diatoms provide t h e  bulk of t h e  winter -spr ing  crop  

(except  under i c e ,  when no counts  were made) and a l l  of 

t h e  s i g n i f i c a n t  biomass i s  due t o  A s t e r i o n e l l a  . F r a q i l a r i a  

c o n t r i b u t e s  t h e  small  peak a t  wk 25a, reaching  only ca .  

1 x lo5  pm3 m l - l ;  t h i s  i s  a l s o  t h e  maxim& l e v e l  of t h e  

chrysophytes,  Dinobryon a t  wk 29a and Mallomonas a t  wk 43a. 

Some d i s c r e p a n c i e s  a r e  apparent  between t h e  va lues  from 

S t a t i o n s  A and B b u t  i n  genera l  t h e r e  i s  good agreement, 





considering t h a t  counts  of 100 organisms a r e  s u b j e c t  t o  

confidence l i m i t s  of 2 0 %  a t  p = 0.05 (Lund -- e t  a l . ,  1958) 

and t h a t  most of t h e  p r e s e n t  counts  were on 50 - 7 0  

organisms o r  less ( s e e  p. 4 4 ) .  The chief  d i f f e r e n c e s  a r e  

seen a t  wks 33a and 39a and, i n  each case ,  t h e s e  mainly 

r e f l e c t  v a r i a t i o n  i n  t h e  numbers of Anabaena' so ' l i ' t a r i a  

between t h e  two s t a t i o n s .  The S t a t i o n  B t r a c e  shows a 

temporary se tback  a t  wk 34a which b r ings  i t s  t o t a l  va lue  

back t o  t h e  l e v e l  a t  S t a t i o n  'A; t h i s  was caused by an 

abrupt  d e c l i n e  i n  numbers of Glo 'eotr ichia  coupled wi th  a 

l ack  of i n c r e a s e  i n  A.  sol ' i ' tar ' ia from t h e  previous  week. - 
The computed biomass curves  a r e  very s i m i l a r  t o  

those obtained.  from chlorophyl l '  - a and t ransparency d a t a  

(Fig.  13)  which sugges t s  t h a t  t h e  use  of a l g a l  volume 

i s  a sound b a s i s  f o r  weighting t h e  c o n t r i b u t i o n s  of d i f f e r e n t  

spec ies  t o  a biomass t o t a l .  The degree of correspondence 

between p a r t i c u l a r  p o r t i o n s  of t h e  curves w i l l  be  examined 

f u r t h e r  i n  t h e  General  Discussion. 



SECTION 4 ELECTRON-MICROSCOPE STUDIES ON THE D I S T R I B U T I O N  

OF SCALE-BEARING PLANKTONIC ORGANISMS 

I n t r o d u c t i o n  

E34 examination of plankton samples prepared a s  whole 

mounts a l lows some of t h e  smal ler  organisms om'itted from 

Sec t ion  3 t o  be i d e n t i f i e d  from t h e i r  su r face  s c a l e s . .  Such 

s c a l e s  a r e  found c h i e f l y  i n  t h e  fami ly  Synuraceae of t h e  

Chrysophyceae b u t  may a l s o  occur  on f reshwater  organisms of 

some o t h e r  groups. Typica l ly ,  i n d i v i d u a l  scales a r e  

h igh iy  c h a r a c t e r i s t i c  f o r  each spec ies  and s o  even i s o l a t e d  

s c a l e s  can provide a  r e l i a b l e  i n d i c a t i o n  of t h e  presence 

and i d e n t i t y  of a  p a r t i c u l a r  s p e c i e s  i n  t h e  body of water 

fr:om which t h e  sample was taken.  Some of t h e s e  s p e c i e s  

might n o t  be d e t e c t a b l e  i n  any o t h e r  way s i n c e  t h e i r  

d i a g n o s t i c  f e a t u r e s  can be  t o o  small  t o  recognise  i n  t h e  

l i g h t  microscope; o t h e r s  might be omitted from LM-based 

surveys i f  they  occur only  i n  small  q u a n t i t i e s  o r  i f  t h e i r  

popula t ion  maxima a r e  very  b r i e f .  EM study of  t h e  plankton 

samples a i d s  t h e  d e t e c t i o n  o f  such r a r e  ok i n t e r m i t t e n t  

s p e c i e s  s i n c e  l a r g e  q u a n t i t i e s  of m a t e r i a l  a r e  n o t  e s s e n t i a l  

f o r  a c c u r a t e  de terminat ion  t o  s p e c i e s  l e v e l ;  i n  add i t ion ,  

t r a c e s  from previous  maxima may still be  apparent  i f  t h e  

s c a l e s  p e r s i s t  longer  i n . t h e  plankton than  do t h e  l i v i n g  

organisms. 

A survey of some of t h e  Sawley Dene c o l l e c t i o n s  wi th  t h e  

EM would t h u s  add t o  t h e  knowledge of t h e  a l g a l  f l o r a  of 

t h i s  s i t e  and might enable  f u r t h e r  comparisons t o  be made 

wi th  l a k e s  elsewhere. I n  a d d i t i o n ,  wi th in  t h e  Sawley Dene 

h a b i t a t  it might be p o s s i b l e  t o  d i s t i n g u i s h  s p e c i e s  of 

widespread o r  r e s t r i c t e d  d i s t r i b u t i o n :  t h e  occurrence of 

r a r e  s p e c i e s  o r  those  found on ly  i n  a  s p e c i f i c  type  of 

h a b i t a t  would be of g r e a t e r  e c o l o g i c a l  i n t e r e s t  than  t h e  

occurrence of cosmopolitan s p e c i e s  of wide h a b i t a t  t o l e r a n c e .  

Knowledge of t h e  d i s t r i b u t i o n  of t h e s e  organisms elsewhere 

i s  requ i red  be fo re  such d i s t i n c t i o n s  can be made; however, 

examination of t h e  l i t e r a t u r e  showed t h a t  only a  l i m i t e d  

amount of d a t a  e x i s t s  f o r  o t h e r  lakes .  I n  B r i t a i n  none 

of t h e  major bodies  of water have been surveyed a t  t h i s  l e v e l ,  

w i t h  t h e  except ion of c e r t a i n  unpublished obse rva t ions  on 
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~ b b o t '  s Pond and Priddy Pool, Somerset (Abdel Karim, 1 9 6 5 )  . 
Prel iminary  i n v e s t i g a t i o n s  were t h e r e f o r e  undertaken of 

plankton c o l l e c t i o n s  from a number of l a k e s  and pools  i n  

t h e  Sawley a r e a  i n  order  t o  provide some comparative da ta .  

Attempts t o  i d e n t i f y  a l l  t h e  s p e c i e s  i n  c o l l e c t i o n s  

from t h e  Sawley a r e a  met wi th  some d i f f i c u l t y  owing t o  t h e  

s c a t t e r e d  and, i n  some cases ,  incomplete taxonomic d a t a  i n  

t h e  l i t e r a t u r e ;  without  a c c u r a t e  i d e n t i f i c a t i o n s  no 

meaningful eco log ica l  comments could be made. A cons ide rab le  

p a r t  of t h i s  Sec t ion  i s  t h e r e f o r e  devoted t o  e s t a b l i s h i n g  

t h e  c h a r a c t e r i s t i c  f e a t u r e s  and sys temat ic  p o s i t i o n  of 

each s p e c i e s  i d e n t i f i e d ,  t o g e t h e r  wi th  i t s  " c o r r e c t "  name o r  

a  p r o v i s i o n a l  new name i f  t h i s  i s  necessary.  An Ecologica l  

Discussion t h e n  fo l lows i n  which t h e  s t a t u s  of t h e  Sawley 

Dene organisms and of Sawley Dene a s  a  h a b i t a t  w i l l  be  

compared w i t h  r e s u l t s  from elsewhere i n  t h e  s tudy a r e a .  

I n  bo th  t h e  Taxonomic Discussion and t h e  Ecologica l  

Discussion t h e  Chrysophyceae a r e  t r e a t e d  s e p a r a t e l y  from 

t h e  o t h e r  organisms, s ince  t h e  former group have rece ived  

a  g r e a t e r  amount of a t t e n t i o n  from o t h e r  workers and more 

informat ion  i s  a v a i l a b l e  on t h e i r  taxonomy and d i s t r i b u t i o n .  

A s  many of t h e  non-chrysophycean organisms may be protozoa 

r a t h e r  t h a n  t r u e  a l g a e  they  have u s u a l l y  been omit ted from 

p a s t  surveys conducted by b o t a n i s t s  and some a r e  poor ly  

known, i f  known a t  a l l .  For t h e s e  organisms, t h e r e f o r e ,  

t h e  r e s u l t s  presented  here a r e  of a  p re l iminary  n a t u r e  and 

fewer e c o l o g i c a l  conclusions can b e  drawn. 

Material 's and Methods 

A range  of l i v i n g  and preserved net-samples were 

prepared f o r  EM examination by p l a c i n g  a  drop  of suspension 

con ta in ing  organisms onto a  formvar-coated g r i d ,  exposing 

t o  Os04 vapour f o r  f - 1 minute t o  k i l l  l i v i n g  c e l l s  i f  

necessary  and al lowing t o  d r y  a t  room temperature.  Dried 

p r e p a r a t i o n s  were r i n s e d  i n  d i s t i l l e d  water ,  d r i e d  aga in  

and coated wi th  evaporated go1d:palladium (60: 40)  i n  an 

NGN c o a t i n g  u n i t ,  using a  shadowing ang le  of ca .  40°. 

P repara t ions  were examined i n  Siemens Elmiskop lAand 102 

e l e c t r o n  microscopes. 
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Fig, 101, Lakes a d  ponds i n  Sawley region sampled f o r  C-hrysophyceae, 
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(deepest water towards base of each Figure;  o = sampling point) .  



I n  a d d i t i o n  t o  Sawley Dene samples ( see  Appendix I 

f o r  l i s t  of samples i n v e s t i g a t e d )  c o l l e c t i o n s  from a number 

I ;P of o t h e r  l a k e s  and pools  i n  t h e  Sawley area  were prepared 

f o r  EM examination. The l a k e s  were s e l e c t e d  t o  r e p r e s e n t  

a range of h a b i t a t  types  and r i v e r  systems i n  t h e  surrounding 

1 1  area ;  t h e i r  l o c a t i o n s  a r e  shown on F ig .  3 (Sec t ion  1) 

and t h e i r  p r i n c i p a l  f e a t u r e s  a r e  descr ibed  i n  Table 6 

and F ig .  101. A l l  t h e  l a k e s  a r e  a r t i f i c * i a l l y  cons t ruc ted  

and each has  a s loping p r o f i l e  wi th  a dam a t  t h e  deeper 

end. Most of t h e  l akes  a r e  of simple morphometry except  

f o r  Ripley C a s t l e  Lake, which c o n s i s t s  of two bas ins  ly ing  

a t  d i f f e r e n t  a l t i t u d e s  and connected by a weir ,  and 

Eavestone Lake, which has a smal l e r  pool ly ing  above t h e  

head of t h e  l a k e  and flowing i n t o  t h e  main l a k e  v i a  a 

w a t e r f a l l .  

Sawley Dene, Stanks Pond, t h e  Picking G i l l  Pools and 

Eavestone Lake r e p r e s e n t  a range  of water-body types  which 

s h a r e  an a l k a l i n e  na ture ,  apparen t ly  owing t o  t h e i r  s i t u a t i o n  

on ca lca reous  g l a c i a l  d r i f t  ( s e e  p.  1 5 ) .  Brim Bray Pond, 

Lumley Moor Reservoir  and Ripley C a s t l e  Lake a r e  a c i d i c  

i n  c h a r a c t e r  and l i e  beyond t h e  l i m i t  of t h e  g l a c i a l  

d r i f t ,  t h e i r  water c h a r a c t e r  being more inf luenced by t h e  

m i l l s t o n e  g r i t  bedrock. 

R e s u l t s  and Taxonomic Discuss ion  

PART A: CHRYSOPHYCEAE 

Note: The arrangement of s p e c i e s  i n  Mallomonas, t h e  l a r g e s t  

genus and t h a t  most wel l-represented i n  t h e  s tudy  a r e a ,  

mainly fo l lows  P e t e r f i  & Momeu (1976),  whose scheme i s  

der ived  from t h a t  of Har r i s  & Bradley (1960); t h e  ch ie f  

d e p a r t u r e  from P e t e r f i  & Momeu's arrangement i s  t h a t  

Mallomonopsis, i n s t ead  of being absorbed i n t o  Mallomonas, 

i s  he re  r e t a i n e d  a s  a s e p a r a t e  genus, fol lowing t h e  p r a c t i c e  

of H a r r i s  (1970) and K r i s t i a n s e n  (197523). Synura s p e c i e s  

a r e  arranged a s  i n  Balonov & Kuz'min ( 1 9 7 4 )  and s p e c i e s  of 

t h e  remaining genera (Chrysosphaerel la ,  Spiniferomonas 

and Paraphysomonas) a s  i n  Takahashi (1978)- Reference 

should be made t o  t h e  above works f o r  a f u l l e r  taxonomic 

t rea tment ;  a synopsis of t h e  c l a s s i f i c a t i o n  of  Mallomonas 

and Mallomonopsis a s  .adopted h e r e  i s  given i n  Appendix 1V.  



MALLOMONAS 

~ e c t i o  Mallomonas: s e r i e s  aca ro ides  

1. Mallomonas aca ro ides  ~ e r t y  emend . Iwanoff v a r .  

s t r i a t u l a  Asmund (F igs  1 0 2  - 1 0 4 ) .  

Sca les  t r i p a r t i t e ,  i . e .  c o n s i s t i n g  of a dome, s h i e l d  and 

f lange ,  t h e  l a t t e r  two a r e a s  separa ted  by a V-rib ( f o r  

f u r t h e r  exp lana t ion  s e e  H a r r i s  & Bradley, 1960) .  Body 

of s c a l e  bea r ing  p e r f o r a t i o n s ;  r a d i a t i n g  s t r u t s  p r e s e n t  

on f l ange ,  extending a c r o s s  V-rib some d i s t a n c e  onto 

s h i e l d .  B r i s t l e s  of two types:  w i t h  u n i l a t e r a l  s e r r a t i o n s  

and a "helmet" t i p  (Fig.  1 0 3 ) ,  and s i m i l a r  b u t  wi thout  

helmet t i p  (arrow, Fig.  1 0 2 ) ,  t h e s e  l a t t e r  b r i s t l e s  being 

c h a r a c t e r i s t i c  of va r .  s t r i a t u l a  ( F o t t ,  1962)-  This  s p e c i e s  

has been i l l u s t r a t e d  e a r l i e r  from t h e  LM ( F i g s  2 4 ,  25) .  

Occurrence: Abundant i n  Sawley Dene, autumn/winter 1976; 

absent  i n  1977. A few s c a l e s  found i n  Picking  G i l l  Upper 

Pool and Ripley  C a s t l e  Lake. 

Reported D i s  t r i b u t i o n :  Common throughout world ( u s u a l l y  

recorded a s  M. - a c a r o i d e s ) ,  Abdel Karim (1965) found t h i s  

spec ies  t o  be  occas ional  i n  Abbot 's  Pond. 

2.  Mallomonas crassisquama (Asmund) F o t t  (Fig.  105) 

Scales  resembling those  of M. aca ro ides  b u t  w i t h  r e t i c u l a t e  - 
development of thickened s t r u t s  a c r o s s  s h i e l d .  Occasional 

s c a l e s  i n  a popula t ion  show a l e s s e r  degree  of development 

of t h i s  f e a t u r e  and can l ead  t o  confusion w i t h  M. acaro ides .  - 
U n i s e r i a t e  s e r r a t e d - b r i s t l e s  with and wi thout  he lmet- t ips  

present .  

Occurrence: Occasional i n  Sawley Dene, w i n t e r  1 9 7 6 ,  w i th  

M. - acaroides .  Occasional i n  Picking G i l l  Upper Pool and 

Eavestone Lake; common i n  Lumley Moor Reservoi r  (summer 

sample o n l y ) .  

Reported D i s t r i b u t i o n :  Widespread throughout world bu t  no 

previous B r i t i s h  records .  

3. Mallomonas t o n s u r a t a  T e i l i n g  emend. Krieger  (F igs  

106, 107) . 
Some s c a l e s  t r i p a r t i t e ,  o t h e r s  l ack ing  dome. Body of 

s c a l e  wi th  r e l a t i v e l y  l a r g e ,  closely-spaced p e r f o r a t i o n s .  

Scale  r a t h e r  diamond-shaped i n  o u t l i n e ,  c f .  M. a l p i n a  - 
(below). B r i s t l e s  of two types ,  n e i t h e r  wi th  helmet-t ip:  



NOTE. I n  t h e  fo l lowing 18 p l a t e s  (Figs  102 - 2 1 7 ) , ,  
whole c e l l s  a r e  i l l u s t r a t e d  a t  X 3,000 and i n d i v i d u a l  
s c a l e s  a t  X 12,000 a s  f a r  a s  i s  p r a c t i c a b l e .  

FIGS 102 - 107 TEM (whole mounts) of sca le-bear ing  
Chrysophyceae, I .  

Figs  102 - 104 Mallomonas acaro ides  v a r .  s t r i a t u l a .  

Fig.  102: whole c e l l ,  X 3,000; note  s p i n e  without  
helmet t i p  ( a r row) .  

Fig.  103: s c a l e  an-d. sp ine ,  X 6,000. 

Fig.  104: s c a l e  and base  of sp ine ,  X 12,000. 

Fig.  105 : Mallomonas crassisquama: group of 
s c a l e s ,  X 12,000. 

F i g s  106 - 107 Mallornonas tonsura ta .  

Fig.  106: body s c a l e ,  X 12,000. 

Fig. 107: domed s c a l e  and spine,  X 12,000. 

Source of specimens: Sawley Dene (Figs  102 - 104) 

,7 
Picking G i l l  Upper Pool (F ig .  105) 
Lumley Moor Reservoir (F igs  106 - 107) . 





one s h o r t ,  broad, wi th  prominent u n i s e r i a t e  s e r r a t i o n s  

(Fig.  1 0 7 ) ,  t h e  o t h e r  longer  and smooth except f o r  small  

t o o t h  below t i p  ( n o t  i l l u s t r a t e d ) .  

Occurrence: Common, i n  summer samples only, from Lumley 

Moor Reservoir  and Ripley C a s t l e  Lake. 

Reported D i s t r i b u t i o n :  Very common throughout world. 

Found by Har r i s  & Bradley ( 1 9 6 0 )  i n  Berkshire  and Abdel Karim 

(1965) i n A b b o t l s  Pond. According t o  Asmund (1959) it i s  

c h i e f l y  a summer form. 

4 .  Mallomonas a l p i n a  Pascher  e t  Ruttner  ( F i g s  108, 1 0 9 ) .  

syn. M. t o n s u r a t a  v a r .  a l p i n a  (Pascher e t  Rut tner )  Asmund - 
; M. monograptus H a r r i s  e t  Bradley - 

Sca les  t r i p a r t i t e ,  resembling those  of M. ac 'a r0 ' id .e~  b u t  with - 
p e r f o r a t i o n s  a s  'only ornamentation on f lange  and sh ie ld ;  

d i f f e r i n g  from M. a l p i n a  i n  s i z e  and propor t ions  of s c a l e ,  - 
and i n  d e n s i t y  of p e r f o r a t i o n s .  B r i s t l e s  of one type,  

wi th  u n i s e r i a t e  s e r r a t i o n s  and pointed t i p .  

Occurrence: Common i n  Sawley Dene, spr ing  1978 (absent  i n  

1977).  Very common i n  b o t h  Picking G i l l  Pools.  I s o l a t e d  

s c a l e s  i n  Ripley C a s t l e  Lake. 

Reported D i s t r i b u t i o n :  .Very common throughout world; 

according t o  Asmund (1959),  t y p i c a l l y  a sp r ing  and autumn 

form. Recorded by H a r r i s  & Bradley (1960) i n  small  pools  

and l a k e s  i n  ~ e r k s h i r e .  

5. Mallomonas actinoloma Asmund e t  Takahashi. va r .  

maramuresensis P e t e r f i  e t  Momeu (Figs 110, 111) . 
Some s c a l e s  t r i p a r t i t e ,  o t h e r s  (e .g .  those found he re )  

l ack ing  a dome. Sca le  with c h a r a c t e r i s t i c  l a t e r a l  ex tens ion  

t o  s h i e l d ,  forming i n  e f f e c t  an " a n t e r i o r  f l ange" ,  separa ted  

from "f lange"  proper by a pronounced median i n c i s i o n .  Body 

of s c a l e  pe r fo ra ted ,  a n t e r i o r  f l a n g e  ornamented wi th  s h o r t  

r a d i a t i n g  s t r u t s .  Var. maramuresensis i s  c h a r a c t e r i s e d  by 

a h igh ly  developed a n t e r i o r  f l a n g e ,  sometimes wi th  a complex 

p a t t e r n  a t  t h e  apex (arrow, Fig .  110) ,  and by a s e r i e s  of 

p a r a l l e l  r i b s  a c r o s s  t h e  s h i e l d . '  B r i s t l e s  smooth, 

r e l a t i v e l y  s h o r t  and s l i g h t l y  curved. 

Occurrence: Two s c a l e s  only,  from B r i m  Bray Pond. 

Reported ~ i s t r i b u t i o n :  Known only from t h e  t y p e  l o c a l i t y ,  

an a c i d  bog s i t e  i n  Romania ( P e t e r f i  & Momeu, 1 9 7 6 ) .  



FIGS 108 - 1 1 2  TEM of. sca le-bear ing  Chrysophyceae, 11. 

Figs  108 - 109 Mallomonas a l p i n a .  

Fig. 108: por t ion  of s c a l e  c a s e ,  X 3,000. 

Fig.  109: two s c a l e s  and s p i n e s ,  X 12,000. 

F igs  110 - 111 ~al ' l 'omonas actiholoma v a r .  maramuresensis. 

F ig .  110: domed s c a l e ,  X 12,000; n o t e m a r k i n g s  on 
dome (arrow) . 

Fig. 111: domeless s c a l e  and sp ine ,  X 12,000. 

Fig.  1 1 2 :  Mallomonas s t r i a t a :  whole c e l l ,  X 3,000.. 

Source of specimens: Sawley Dene (F igs  108 - 109, 1 1 2 )  
B r i m  Bray Pond ( F i g s  110 - 111). 





M. actinoloma va r .  actinoloma i s  a l s o  r a r e ,  recorded only - 
from Alaska and Japan (Asmund & Takahashi, 1969) ,  a l though 

Takahashi (1978) r e p o r t s  f ind ing  a  v a r i a n t  form i n  Korea. 

MALLOMONAS 

Sec t io  Ma'll'om'ohas (cont  ' d)  : s e r i e s '  's'tr'i'a'tae . 
6. Ma'l'l'omonas' ' s ' t r ' ia ta  Asrnund ( F i g s  112 ,  113) . 
Scales  t r i p a r t i t e ,  comparatively l a r g e ,  b u t  wi th  t h e  small  

dome t y p i c a l  of the '  s t r ' i a ' t a  group ( s e e  H a r r i s  & Bradley, 

1 9 6 0 ) .  Body of s c a l e  with only a  small  group of p e r f o r a t i o n s ,  

i n  apex of V-rib. Shield and f l a n g e  t r a v e r s e d  by r e g u l a r l y -  

spaced r i b s .  B r i s t l e s  (not  i l l u s t r a t e d ) ,  smooth and 

s l i g h t l y  curved. 

Occurrence: I s o l a t e d  s c a l e  groups i n  Sawley Dene, s p r i n g  

1977 and 1978. 

Reported D i s t r i b u t i o n :  F a i r l y  uncommon, known only from 

four  l o c a l i t i e s  throughout t h e  world, v iz .  Denmark (~smund, 19591, 

USSR (Balonov & Kuz'min, 1975 ) ,  Scotland (Bradley, 1 9 6 6 )  

and Dove Nest i n  t h e  Lake D i s t r i c t  (Asmund, 1959) . It  

was n o t  found by H a r r i s  & Bradley (1960),  d e s p i t e  ex tens ive  

c o l l e c t i o n s  i n  Berkshire.  
, 

7 .  Mallomonas s t r i a t a  var .  s e r r a t a  H a r r i s  e t  Bradley (Fig.  1 1 4 ) .  

Sca les  s i m i l a r  t o  those  of- t h e  preceding taxon bu t  s m a l l e r ,  

wi thout  p e r f o r a t i o n s  i n  apex of V-rib, and w i t h  s e r r a t e d  

b r i s t l e s .  

Occurrence: Occasional i n  t h e  two Picking G i l l  Pools. 

Reported D i s t r i b u t i o n :  More widespread than  M. s t r i a t a  b u t  - 
no t  very common. Reported by H a r r i s  & Bradley (1960) from 

shallow, f looded h a b i t a t s  i n  Berkshire .  

8. Mallomonas f l o r a  Har r i s  e t  Bradley (F igs  115 - 117) .  

Sca les  s i m i l a r  t o  those  of M. s t r i a t a  b u t  wi th  c h a r a c t e r i s t i c  - 
p a t t e r n  of pores  and s t r u t s  i n  apex of V - r i b  (Fig.  117) .  

Curved r i b s  p r e s e n t  on dome ( c f .  smooth dome of M. s t r i a t a )  . - 
B r i s t l e s  s i m i l a r  t o  those  of M. s t r i a t a  va r .  s e r r a t a .  

Occurrence: Occasional c e l l s  and s c a l e s  i n  B r i m  Bray Pond; 

i s o l a t e d  s c a l e s  i n  Picking G i l l  Lower Pool and Lumley Moor 

Reservoir .  

Reported D i s t r i b u t i o n :  Rare throughout t h e  world; recorded 

i n  Japan (Takahashi, 19781, USA (Wujek & Hamilton, 1 9 7 2 )  and from 

t h e  type  l o c a l i t y ,  a c i d  ponds i n  ~ e r k s h i r e  ( H a r r i s  & Bradley, 1960) .  



FIGS 113 - 1 1 7  TEM of s ca l e -bea r ing  Chrysophyceae, 111. 

Fig.  113: Mallornonas s t r i a t a :  group of s c a l e s ,  
X 12,000.  

F ig .  1 1 4 :  Mallornonas s t r i a t a  v a r .  s e r r a t a :  s c a l e  
and s p i n e ,  X 12,000. 

F i g s  115 - 1 1 7  Mallornonas f l o r a .  

F ig .  115: whole c e l l ,  X 3,000. 

F ig .  1 1 6 :  s c a l e  and s p i n e ,  X 12,000. 

F ig .  1 1 7 :  d e t a i l  of  p a t t e r n i n g  i n  apex of V-rib,  
X 24,000.  

Source of specimens: Sawley Dene (F ig .  113) 
P i ck ing  G i l l  Upper Pool ( F i g .  1 1 4 )  
Brim Bray Pond (Figs '  115 - 1 1 7 ) .  
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P'IALLOMONAS 

Sect io  Mallomonas ( c o n t l d ) :  s e r i e s  p a p i l l o s a e .  
I 

9 .  Mallomonas p a p i l l o s a  H a r r i s  e t  Bradley (Figs  118, 1 1 9 ) .  

! Scales  t r i p a r t i t e ,  w i t h  a  small  dome. Shie ld  bears  very  

I r egu la r  p a t t e r n  of p a p i l l a e  and i s  unperforated.  Short  

r a d i a l  s t r u t s  extend a c r o s s  a n t e r i o r  margins of s h i e l d .  

B r i s t l e s  s h o r t ,  smooth and curving. 

Occurrence: A few c e l l s  i n  B r i m  Bray Pond; i s o l a t e d  

s c a l e s  i n  Ripley C a s t l e  Lake ( sp r ing  sample) .  

Reported D i s t r i b u t i o n :  Common throughout t h e  world; 

found by H a r r i s  & Bradley (1957, 1 9 6 0 )  i n  Berkshi re  and 

Belcher ( 1 9 6 9 )  i n  Lancashire  i n  shallow, f looded h a b i t a t s .  

10. Mallomonas p i l l u l a  H a r r i s  (Fig.  120) . 
Scales  s i m i l a r  i n  form t o  those  of M. p a p i l l o s a  b u t  wi th  - 
a hexagonal p a t t e r n  of s t r u t s  a c r o s s  t he  s h i e l d .  On 

complete cells s h o r t ,  smooth b r i s t l e s  occur  (Harr i s ,  1967) .  

- Occurrence: P icking  G i l l  Upper Pool and Ripley C a s t l e  Lake 

( a  s i n g l e  s c a l e  only  from each s i t e ) .  

Reported D i s t r i b u t i o n :  Very r a r e  elsewhere i n  the  world; 

a  few s c a l e s  found i n  Ice land (Bradley, 1964) and a 

specimen i n  Alaska (Asmund & Takahashi,. 1 9 6 9 ) ,  i n  a d d i t i o n  

t o  t h e  type  m a t e r i a l  from a woodland l a k e  i n  Berkshire  

(Harr i s ,  1967) .  

11. Mallomonas annula ta  ( H a r r i s  e t  Bradley) Har r i s  

(F igs  1 2 2  - 1 2 4 ) .  

Some s c a l e s  t r i p a r t i t e ,  o t h e r s  diamond-shaped and lacking  

a dome. Body of s c a l e  w i t h  both  p e r f o r a t i o n s  and 

p a p i l l a e ,  a l s o  wi th  rudimentary s t r u t s  extending inward 

from t h e  V-rib, sometimes forming a  more ex tens ive  p a t t e r n  

(e .g .  Fig.  1 2 4 ) .  B r i s t l e s  s h o r t ,  smooth and curved. 

This spec ies  has  a  r a t h e r  confused taxonomic h i s to ry :  s e e  

E a r r i s  ( 1 9 6 7 ) .  

Occurrence: Occasional scale-groups found i n  Sawley Dene, 

spr ing  1977 and 1978; a l s o ,  i n  small  numbers, i n  Picking 

G i l l  Lower Pool and Brim Bray Pond. 

Reported D i s t r i b u t i o n :  F a i r l y  widespread throughout t h e  

world bu t  o f t e n  i n  low numbers. Recorded by Bradley 

( 1 9 6 6 )  from Scot land and H a r r i s  & Bradley (1960) from 

Berkshire.  



FIGS 118 - 1 2 4  

F i g s  118 - 1 1 9  

F i g .  118: 

F i g .  119: 

F i g .  120: 

F i g s  1 2 1  - 1 2 4  

F i g .  1 2 1 :  

F i g .  122: 

F i g .  123: 

F i g .  1 2 4 :  

Source  of s~e :c imen 

TEN of s ca l e -bea r ing  Chrysophyceae, I V .  

Mallomonas p a p i l l o s a .  

p o r t i o n  of c e l l ,  X 6,000. 

s i n g l e  s c a l e ,  X 12,000.  

Mallomonas p i l l u l a :  s i n g l e  s c a l e ,  X 12, 

Mallomo&as a n n u l a t a  . 
whole c e l l ,  X 3,000. 

edge of c e l l ,  X 6,000.  

group of s c a l e s  showing l i t t l e  ornaments 
X 12,000. 

group of s c a l e s  w i t h  more marked 
ornamentation X 12,000. 

S: B r i m  Bray Pond ( F i g s  118 - 1 1 9 .  
1 2 1  - 122) 

P ick ing  G i l l  Upper Pool  (F ig .  120) 
Picking G i l l  Lower Pool (F ig .  123) 
Sawley Dene (F ig .  124)  . 

000. 

t i o n ,  





MALLOMONAS 

Sec t io  Torquatae: s e r i e s  pumilae. 

1 2 .  Mallomonas pumilio Har r i s  e t  Bradley v a r .  "per fora ta"  

var .  nov. ( F i g s  125 - 128) .  

Scales  of t h r e e  t y p e s ,  c h a r a c t e r i s t i c  of s p e c i e s  i n  t h e  

Torquatae: a t  a n t e r i o r  o f  c e l l ,  a r i n g  of " c o l l a r "  s c a l e s  

asymmetric, domed and bea r ing  b r i s t l e s ;  diamond-shaped 

body s c a l e s  wi th  no dome; and diamond-shaped p o s t e r i o r  

s c a l e s  bea r ing  s h o r t  s p i k e s .  Ornamentation s i m i l a r  on 

a l l  s c a l e s ,  c o n s i s t i n g  o f  a hexagonal p a t t e r n  of s t r u t s  

on body of s c a l e ,  enc los ing  groups of 4 - 5 pores  i n  

" r o s e t t e s " .  P o s t e r i o r  margin of s c a l e  b e a r s  a p e r i p h e r a l  r i b  

and a n t e r i o r  margin bea r s  double row of p e r f o r a t i o n s .  

B r i s t l e s  smooth, curv ing  wi th  a sharp p o i n t .  

This  organism resembles M. pumilio i n  g e n e r a l  f e a t u r e s  - 
and i n  t h e  rose t te -groupings  of  pores on t h e  s c a l e ,  b u t  t h e  

r ibb ing  i s  r a t h e r  more d e l i c a t e  than i n  M. pumil io  sens .  - 
s t r i c t .  and t h e  p e r f o r a t e d  margin i s  a new f e a t u r e  ( c f .  

Harr i s  & Bradley, 1960; Asmund & H i l l i a r d ;  1 9 6 1 ;  P e t e r f i  & 

Momeu, 1976) . These f e a t u r e s  a r e  cons tan t  among t h e  p resen t  

populat ion and enab le  t h i s  taxon t o  be r e a d i l y  d i s t ingu i shed  

from M. pumilio. The organism w i l l  t h e r e f o r e  be t r e a t e d  

he re  a s  a new v a r i e t y  of t h e  l a t t e r  spec ies .  

Occurrence: C e l l s  f a i r l y  f requent  i n  B r i m  Bray Pond, 

absent  elsewhere.  

Reported D i s t r i b u t i o n :  Not found elsewhere i n  world. 

M. pumilio va r .  pumil io  h a s  been recorded by a number of - 
o t h e r  workers ( d e t a i l s  given above).  

A d e t a i l e d  d e s c r i p t i o n  of  t h i s  organism i s  given i n  Appendix V. 

13. ~ a l l o m o n a s  "c lavo ides"  sp.  nov. ( F i g s  1 2 9 ,  130) .  

Scales  of t h r e e  t y p e s  a s  i n  t h e  previous s p e c i e s .  

Ornamentation on s c a l e s  c o n s i s t i n g  of t h i c k  i n t e r s e c t i n g  

r idges  which l eave  smal l  depressions of i r r e g u l a r  shape 

between them. Sca le  margins unperforated,  bea r ing  s h o r t  

s t r u t s  resembling a row of t e e t h .  P o s t e r i o r  s c a l e s  with 

s h o r t  sp ikes .  

The ornamentation of  t h e  s c a l e s  i s  s i m i l a r  t o  t h a t  

of M. c lavus Bradley, which, however, has  a d i f f e r e n t  c e l l  form - 
t o  t h e  p r e s e n t  s p e c i e s  ( s e e  Bradley, 1 9 6 4 ) ;  M. c lavus - 

has long p o s t e r i o r  ' spines a s  i s  t y p i c a l  of s p e c i e s  i n  t h e  



FIGS 125 - 130 TEM of sca l e -bea r ing  Chrysophyceae, V .  

F i g s  125 - 128 Mallornonas pumi l io  v a r .  " p e r f o r a t a " .  

F i g .  125: whole c e l l ,  X 3,000; no te  s i n g l e  f  lagellurn.  

F i g .  1 2 6 :  more round'ed c e l l ,  X 6,000. - 
Fig .  127: i n d i v i d u a l  body and c o l l a r  s c a l e s ,  X 

12,000. 

F ig .  128: complete s c a l e  c a s e ,  X 12,000; no te  
t i n y  p o s t e r i o r  s p i n e  (arrow) . 

F i g s  1 2 9  - 130 Mallornonas " c l a v o i d e s "  . 
Fig .  1 2 9 :  whole c e l l ,  X 3,000. 

F ig .  130: another  whole c e l l ,  X 12,000; n o t e  
p o s t e r i o r  s p i n e s  ( a r row) .  

Source of specimens: B r i m  Bray Pond ( a l l  F i g u r e s ) ,  
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s e r i e s  a l l a n t o i d e s  ( c f .  t h e  s h o r t  p o s t e r i o r  sp ikes  of t h e  

p r e s e n t  s e r i e s ,  pumilae) . No s p e c i e s  i s  y e t  descr ibed 

which combines t h e  s c a l e  t y p e  of M. - clavus wi th  t h e  c e l l  

t ype  of t h e  pumilae, a l though one organism ( i d e n t i f i e d  a s  

"M. - clavus"  ) has  been i l l u s t r a t e d  which combines t h e  s c a l e  

t y p e  of - M. pumilio wi th  an a l l a n t o i d e s  c e l l  type  (Kr i s t i ansen ,  

1975b) , which sugges ts  t h a t  some p a r a l l e l  organisms may 

e x i s t  i n  each s e r i e s .  The p r e s e n t  organism thus  r e q u i r e s  

a new name and it i s  s u f f i c i e n t l y  d i s t i n c t  from M. pwni l io ,  

t h e  s p e c i e s  n e a r e s t  t o  it i n  t h e  s e r i e s  pumilae, t o  be  

considered a s e p a r a t e  s p e c i e s .  

A v a r i e t y  of M. pumil io ,  v a r .  s i l v i c o l a  Har r i s  e t  

Bradley, i s  descr ibed  a s  resembling M. - pumilio b u t  lacking  

t h e  r o s e t t e  s t r u c t u r e  of t h e  pore  groups ( E a r r i s  & Bradley, 

1 9 6 0 ) .  While t h i s  d e s c r i p t i o n  could a l s o  apply  t o  

M. - "clavoidesJ1,  comparison of t h e  p resen t  organism wi th  

t h e  micrographs of M. - pumil io  v a r .  s i l v i c o l a  shows t h a t  

t h e  s c a l e  of - M. "clavoides" i s  thickened much more heav i ly  

and it i s  e a s i l y  d i s t i n g u i s h a b l e  from t h e  l a t t e r  taxon. 

M. c lavus ,  a s  d i scussed  he re ,  does no t  inc lude  l.!. eoa - - 
Takahashi, w i th  which it has sometimes been combined 

(e.g. H a r r i s ,  1970) . The scales of M. - eoa bear  a r a t h e r  , 

d i f f e r e n t  p a t t e r n  of ornamentation ( s e e  Takahashi, 1963; 

Bradley, 1966) ,  t h e  r i d g e s  forming a r epea t ing  c i r c u l a r  

p a t t e r n  on t h e  s c a l e .  

Occurrence: A small  number of whole c e l l s  i n  B r i m  Bray 

Pond; n o t  found a t  t h e  o t h e r  si tes s tudied .  

Reported Dis t r ibu t ion :  No evidence of i t s  occurrence 

elsewhere. A d e t a i l e d  d e s c r i p t i o n  of t h i s  organism i s  

g iven  i n  Appendix V. 

1 4 .  Mallornonas sp.  c f .  M. - s c h w m l e i  Glenk (Fig.  131) .  

This  taxon i s  represented  by two c o l l a r  s c a l e s ,  one wi th  an 

a t t ached  b r i s t l e ,  i n d i c a t i n g  a p o s i t i o n  w i t h i n  t h e  

Torquatae. Maze-like p a t t e r n  of r ibb ing  on one of t h e  

s c a l e s  reminiscent  of t h a t  of N. schwemmlei ( c f .  Glenk 

& F o t t ,  1 9 7 1 ) ,  a l though i n  t h e  l a t t e r  spec ies  t h e  r i b s  

a r e  r a t h e r  f i n e  and more closely-spaced.  The second s c a l e  

i n  Fig.  131 shows l e s s  ornamentation and i s  c l o s e r  t o  a 

s c a l e  of M. "c lavoides" ( s e e  above);  it i s  t h e r e f o r e  p o s s i b l e  



FIGS 131 - 134 TEM of scale-bearing C,hrysophyceae, VI. 
sck ~d cmm (G 

Fig .  131: Mallornonas c f .  d e q r ~ u n i l :  two c o l l a r  
s c a l e s  and sp ine ,  X 12,000, 

ao3non i i  
Fig. 132: Mallomonas c f .  . s&wmm~el:  s i n g l e  c o l l a r  

s c a l e ,  ,X 12,000. 

Fig.  133: Mallomonas sp.  (undescribed)  : s i n g l e  
body s c a l e ,  X 12,000. 

Fig.  134: Mallornonas caudata: i s o l a t e d  s c a l e s  and 
sp ines ,  X 3,000. 

Source of specimens: B r i m  Bray Pond (F igs  131 - 133) 
Lumley Moor Reservoir  (Fig;  134) . 
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t h a t  t h e s e  . s c a l e s  r e p r e s e n t  an abe r ran t  form of t h a t  spec ies .  

Occurrence: S i n g l e  record  from B r i m  Eray Pond. 

Reported D i s t r i b u t i o n :  M. - schwemmlei i s  known only from 

Czechoslovakia; M. - "c lavoides"  i s  no t  known from elsewhere. 

MALLOMONAS 

Sec t io  Torquatae: s e r i e s  a l l a n t o i d e s .  

15. Mallornonas sp.  c f .  M. - doignonii  Bour re l ly  (Fig.  132) . 
Single  c o l l a r  s c a l e ,  showing.more pronounced maze-like 

p a t t e r n  than  seen i n  t h e  preceding spec ies ,  wi th  a d d i t i o n a l  

double rows of pores  i n  t h e  spaces between t h e  r i b s .  

Poss ib ly  a s s i g n a b l e  t o  t h e  spec ies  i l l u s t r a t e d  by Har r i s  

& Bradley (1957) a s  M. - coronata  Perrr.. e t  Vinnik. ,  now 

considered t o  r e p r e s e n t  M. - doignonii  ( H a r r i s  & Bradley, 1960) ,  

al though some workers have suggested t h a t  t h e  l a t t e r  spec ies  

i s  p a r t  of a range of forms which should a l l  be r e f e r r e d  

t o  - M: ' coroni fera  Matvienko ( ~ l e n k '  & F o t t ,  1971) .  

Occurrence: S i n g l e  s c a l e  i n  B r i m  Bray Pond. 

Reported D i s t r i b u t i o n :  M, ,  - doignonii  . i s  known from 

Czechoslovakia, France and England ( s e e  Takahashi, 1978).  

MALLOMONAS 

Sec t io  Torqua'tae: s e r i e s  uncer ta in .  

1 6 .  Ma'll'om.o'n'as sp. (undescribed) (Fig.  1 3 3 ) .  

S ingle  body s c a l e ,  apparent ly '  from a s p e c i e s  of t h e  

Torquatae, p l a i n ,  i r r e g u l a r l y  pe r fo ra ted ,  w i t h  a narrow r i b  

i n s i d e  t h e  s c a l e  per imeter  from which s h o r t  s t r u t s  p r o j e c t  

on e i t h e r  s i d e .  I d e n t i c a l  t o  c o l l a r  and body s c a l e s  

i l l u s t r a t e d  by Bradley (1964: Fig. 28) from Iceland,  but  

un-named by him owing t o  s p a r s i t y  of m a t e r i a l .  

Occurrence: S i n y l e  s c a l e  from .Brim .Bray Pond. 

Reported D i s t r i b u t i o n :  Known only from Ice land  (Bradley, 

loc .  c i t .  ) , very  r a r e .  - 

MALLOMONAS 

Sec t io  Planae: s e r i e s  'c.auda'tae. 

1 7 .  ~ a l i o m o n a s  caudata  Iwanoff emend. Krieger  (Figs  134 - 1 3 6 ) .  

syn. - M. f a s t i g a t a  Zacharias 

Scales  of one type  only: broad, f l a t  ova l s ,  tending t o  

have s l i g h t l y  squared corne r s ,  wi th  a thickened margin on 

t h r e e  s i d e s .  Body of s c a l e  pe r fo ra ted ,  b u t  t h e s e  p e r f o r a t i o n s  



FIGS 135 - 137 TEM of s c a l e - b e a r i n g  Chrysophyceae, V 1 1  . 

F i g s  135 - 136 Mallornonas cauda ta .  

F ig .  135: s i n g l e  s c a l e  bea r ing  two s p i n e s ,  
X 6,000. 

F i g .  136: s i n g l e  scale,  X 12,000; n o t e  p o r e  i n  
c e n t r e  of  p o s t e r i o r  r eg ion  of s c a l e .  

,-.f Fig .  137: Mallomonas h e t e r o s p i n a  ( l a r g e  form) : 
s c a l e s  and spanner  b r i s t l e s ,  X 6,000.  

Source  of specimens.: Lumley  Moor Reservoi r  ( F i g s  135-136) 
Sawley Dene (F ig .  137) . 





almost absen t  towards a n t e r i o r  edge of s c a l e ,  A s i n g l e  

l a r g e  pore p r e s e n t  i n  p o s t e r i o r  r eg ion  of s c a l e  (e.g. F ig .  136) .  

B r i s t l e s  of one type  h u t  vary ing  markedly i n  length ,  

unse r ra ted  f o r  most of b r i s t l e  b u t  bearing up  t o  10 l a r g e  

barbs  on one s i d e  of b r i s t l e  below t i p .  Any s i n g l e  s c a l e  

may bear  1 - 3 b r i s t l e s  (no t  i l l u s t r a t e d ) ,  w i t h  no apparent  

s p e c i a l i s e d  attachment r eg ion  ( c f .  t h e  dome i n  t r i p a r t i t e  

s c a l e s  of o t h e r  s p e c i e s ) .  I s o l a t e d  s c a l e s  have s i m i l a r i t i e s  

wi th  those  of c e r t a i n  Mallornonopsis spec ies ,  e.g. M. e l l i p t i c a  - 
( s e e  below). 

B r i s t l e s  and s c a l e s  of M. 'caudata a r e  l a r g e  and - 
d i s t i n c t i v e  and t h e  spec ies  i s  one of t h e  few which can 

be r e l i a b l y  i d e n t i f i e d  by l i g h t  microscopy. 

Occurrence: F a i r l y  f r equen t  i n  t h e  summer sample fron? 

Lumley Moor Reservoir .  

Reported D i s t r i b u t i o n :  Widespread , throughout world; 

o f t e n  common i n  o l i g o t r o p h i c  wa te r s  ( see  Asmund, 1959).  

B r i t i s h  r e c o r d s  inc lude  Brook ( 1 9 6 4 ) ,  Lund (1972a)and o t h e r s  

r e p r e s e n t i n g  a wide range of t r o p h i c  types.  Unpublished 

electron-micrographs of Manton (1967a) show t h i s  s p e c i e s  from 

Windermere S. Basin and Blelham Tarn. 

MALLOMONAS 

S e c t i o  Heterospinae.  

18. Mallornonas he terospina  Lund (Figs '  137 - 1 4 2 ) .  

Sca les  of one type ,  f l a t ,  p e r f o r a t e d  and wi th  complex 

p a t t e r n  of r i b s .  A rudimentary dome normally p r e s e n t  

bu t  no s t r i c t  V-rib. B r i s t l e s  of two types:  s t r a i g h t  

s p i n e s  w i t h  an angled b a s a l  p o r t i o n ,  and s h o r t ,  s l ender  

b r i s t l e s  wi th  d i s t i n c t i v e  spanner-shaped t i p s .  Reports  

of o t h e r  a u t h o r s  (e .g .  Asmund, 1956) d e s c r i b e  c e l l s  bea r ing  

b r i s t l e s  of both  types  toge the r ,  b u t  some dimorphism 

seen i n  t h e  p r e s e n t  m a t e r i a l :  s c a l e s  from Sawley Dene 

( F i g s  137 - 139) a r e  l a r g e  (ca .  3.5 X 5 p), with  t h e  

p r i n c i p a l  t r ' ansverse  r i b  d i v i d i n g  t h e  s c a l e  i n t o  approximately 

equal  ha lves ,  and bear  spanner b r i s t l e s  only; s c a l e s  from 

Lumley Moor Reservoir  (F igs  140 - 1 4 2 )  a r e  smal ler  

(ca.  2 X 3 )un), wi th  t h e  main t r a n s v e r s e  r i b  c l o s e r  t o  

t h e  dome, and bear  s t r a i g h t  s p i n e s  only', Although o t h e r  

spec ies  c l o s e  t o  $5. heterospina  a r e  known, e .g .  M. mult iunca - - 



FIGS 138 - 1 4 2  TEM of s ca l e -bea r ing  Chrysophyceae, V I I I .  

F i g s  138 - 139 .Mallornonas he t e rosp ina  (Large  form) . 
Fig .  138: g r o u p o f  s c a l e s ,  X 3,000.  

F ig .  139: i n d i v i d u a l  s c a l e s ,  X 12,000.  

F i g s  140 - 1 4 2  Mallornonas he t e rosp ina  ( s m a l l  f o r m ) .  

F ig .  140: s c a l e  a.nd s t r a i g h t  s p i n e ,  X 12,000.  

F ig .  1 4 1 :  whole c e l l ,  X 3,000. 

F ig .  1 4 2 :  group of s c a l e s ,  X 12,000; n o t e  one 
s imp le r  s c a l e  p r e s e n t .  

Source of specimens: Sawley Dene (F igs  138-139) 
Lumley Moor Reservoi r  ( F i g s  140 - 1 4 2 )  . 





~smund ,  it appears  t h a t ,  d e s p i t e  t h e  v a r i a t i o n  seen i n  

t h e  p resen t  m a t e r i a l ,  it should never the less  a l l  be assigned 

t o  M. he terospina  ( c f .  Asmund, 1956; Har r i s ,  1970; - 
p e t e r f i  & Momeu, 1 9 7 7 ) .  

Occurrence: Sawley Dene, occas iona l  i n  s p r i n g  1 9 7 7  

( l a r g e  form) ; common i n  Lumley Moor Reservoir ,  spr ing  sample 

(small  form); occas iona l  s c a l e s  i n  Picking G i l l  Upper 

Pool, Eavestone Lake, B r i m  Bray Pond, Ripley C a s t l e  Lake. 

Reported D i s t r i b u t i o n :  Common throughout world. English 

records  inc lude  Lund ( 1 9 4 2 )  from Surrey and Har r i s  g. Bradley 

(1957) from Berkshire ,  

1 9 .  Mallomonas hamata Asmund (Figs  143 - 146) .  

Most body s c a l e s  oval  b u t  somewhat pointed a t  a n t e r i o r  end; 

smooth, r e g u l a r l y  p e r f o r a t e d ,  wi th  thickened r im a t  

p o s t e r i o r  end and rudimentary unperforated dome f r inged  

with t i n y  t e e t h .  Small group of long, smooth sp ines  a t  

a n t e r i o r  end; some s c a l e s  a l s o  bearing s h o r t  spanner 

b r i s t l e s  s i m i l a r  t o  those  o f H .  heterospina.  Some body - 
s c a l e s  r a t h e r  reduced, e s p e c i a l l y  towards p o s t e r i o r  end 

(e.g.  Fig. 1 4 6 ) .  T h i s  s p e c i e s  has  l a r g e  cells which a r e  

d i s t i n c t i v e  i n  t h e  l i g h t  microscope (Asmund, 1959) b u t  

appears  t o  be very rare, 

Occurrence: A few s c a l e  groups i n  Lumley Moor Reservoir.  

s u m e r  sample only.  

Reported D i s t r i b u t i o n :  Known only  from t h e  type  l o c a l i t y  

i n  Denmark (Asmund, G. S. ) , although Asmund r e f e r s  t o  

i t s  unpublished occurrence i n  Berkshire  a l s o .  In  t h e  

Danish l o c a l i t y  it w a s  found i n  an o l i g o t r o p h i c  l ake  i n  

sp r ing  - summer. 

rnLL0MONAS 

I s o l a t e d  spec ies .  

20. Mallomonas akrokomos Pascher ex Ruttner  (F igs  1 4 7  - 151).  

C e l l  of very d i s t i n c t i v e  shape, bearing s c a l e s  of a  number 

of d i f f e r e n t  types.  Domed c o l l a r  s c a l e s  form a r i n g  

a t  a n t e r i o r  end (Fig.  150) and bear  long, segmented 

b r i s t l e s  (F igs  1 4 7 ,  148) .  Body s c a l e s  a r e  small ,  b a s i c a l l y  

o v a l  i n  shape bu t  with poin ted  ends and show a small  

p e r f o r a t e d  a rea  i n  t h e  p o s t e r i o r  reg ion  of t h e  s c a l e ,  



F I G S  143 - 1 4 6  TEM of sca le-bear ing  Chrysophyceae, I X .  

F igs  143 - 1 4 6  , Mallornonas hamata. 

Fig.  143: group of s c a l e s ,  spanner b r i s t l e s  and 
sp ines ,  X 6,000. 

Fig.  1 4 4 :  s c a l e s  and spanner b r i s t l e s ,  X 12,000; 
note  f r i n g e  of t e e t h  a t  a n t e r i o r  of 
s c a l e  ( a r row) .  . 

Fig .  145: fragment o f '  s c a l e  case ,  X 6,000. 

F ig .  1 4 6 :  small  p o s t e r i o r  s c a l e ,  X 12,000. 

Source of specimens: Lumley Moor Reservoir  ( a l l  F igures )  





FIGS 147 - 152 TEM of s c a l e - b e a r i n g  Chrysophyceae, X.  

F i g s  147 - 151 Mallornonas akrokomos. 

F i g .  147: whole c e l l ,  X 3,000; n o t e  f lage l lu rn  
and a p i c a l  s p i n e s .  

F i g .  148: c o l l a r  s c a l e  w i t h  base  of s p i n e ,  X 12,000.  

F i g .  1 4 9 :  body s c a l e ,  x 12,000.  

F i g .  150: body, s c a l e s  and a n t e r i o r  p o r t i o n  of 
" t a i l " ,  X' 12,000.  

F i g .  151: a n t e r i o r  of c e l l  showing r i n g  of 
c o l l a r  s c a l e s ,  X 12,000.  

F i g .  152: Mallomonas i n s i g n i s :  s i n g l e  body 
s c a l e ,  X 12,000.  

Source  of  specimens: Sawley Dene ( F i g s  1 4 7  - 151)  
Picking G i l l  Lower Pool  (F ig .  1 5 2 ) .  





(F igs  1 4 9 ,  1 5 1 ) .  P o s t e r i o r  of c e l l  c o n s i s t s  of a  unique 

" t a i l "  reg ion  formed by s p e c i a l i s e d  Y-shaped s c a l e s  and 

te rminat ing  i n  a  s i n g l e  sp ike .  The a f f i n i t i e s  of t h i s  

1' spec ies  a r e  unclear ;  it possesses  f e a t u r e s  reminiscent  

of t h e  Torquatae, o t h e r s  s i m i l a r  t o  c e r t a i n  Heterospinae 

(e.g.  g. hamata), a s  w e l l  a s  some f e a t u r e s  not  known i n  

any o t h e r  spec ies ,  

Occurrence: Occasional i n  many samples from Sawley Dene, 

common i n  January 1978; s e e  p. 48 f o r  LM records.  

F a i r l y  f r equen t  i n  most of t h e  o t h e r  s i t e s ,  v i z .  Stanks Pond, 

Picking G i l l  Upper Pool, Eavestone Lake, Brim Bray Pond 

and Ripley C a s t l e  Lake. 

Reported Dis t r ibu t ion :  Very common throughout t h e  world. 

Engl i sh  examples s t u d i e d  by H a r r i s  (1958). 

MALLOMONAS 

I s o l a t e d  spec ies .  

21 .  Mallomonas i n s i g n i s  Penard (Fig.  152) . 
Sca les  of s e v e r a l  types ,  inc luding  spined s c a l e s  a t  both 

ends of c e l l  ( s e e  H a r r i s ,  1958).  Indiv idual  body s c a l e s  

(e.g.  Fig.  152) without  sp ine  o r  dome bu t  wi th  s h i e l d  r eg ion  

and complex f lange .  Sh ie ld  b e a r s  honeycomb p a t t e r n  which 

was shown by H a r r i s  (=c. a. ) t o  be an i n t e r n a l  f e a t u r e  

no t  v i s i b l e  on s u r f a c e  r e p l i c a s .  Sca les  very d i s t i n c t i v e  

and u n l i k e  those  of any o t h e r  Mallomonas spec ies ,  more 

s i m i l a r  t o  those  of some Synura spec ies ,  e.g.  - S. c u r t i s p i n a  

(F igs  165, 1 6 7 ) .  The c e l l  of M. - i n s i g n i s  a l s o  resembles one 

c e l l  of a Synura colony i n  having a  cytoplasmic " t a i l "  

covered i n  s c a l e s  ( c f .  Synura p e t e r s e n i i ,  p. 95) . 
Occurrence: A few s i n g l e  s c a l e s  i n  Picking G i l l  Lower Pool. 

Reported Dis t r ibu t ion :  R e l a t i v e l y  uncommon, although 

recognisable  by l i g h t  microscopy; known from Switzerland, 

France and England. H a r r i s  (1958) found it t o  be sometimes 

common i n  temporary, f looded h a b i t a t s  i n  Berkshire.  

S e c t i o  Mallomonopsis. 

1. Mallomonopsis e l l i p t i c a  Fatvienko (Figs 153 - 156) .  

Oval s c a l e s  of one type ,  p e r f o r a t e d  wi th  f a i r l y  l a rge ,  



FIGS 153 - 161 TEM of scale-bearing Chrysophyceae, XI. 

Figs 153 - 156 Mallomonopsis elliptica. 

Fig. 153: single scale, X 12,000. 

Fig. 154: detail of pore in posterior region of 
scale, X 24,000. 

Fig. 155: single spine, X 12,000; note angled, 
flattened foot and blunt tip. 

Fig. 156: group of scales, X 3,000. 

Figs 157 - 158 Mallomonopsis calceolus. 

Fig. 157: single scale and base of spine, X 12,000. 

Fig. 158: group of scales and spines, X 6,000. 

Figs 159 - 161 Mal lomonopsis "minuta" . 
Fig. 159: whole cell, X 12,000. 

Fig. 160: single scale and spine, X 24,000. 

Fig. 161: whole cell, X 3,000; note small size 
relative to other Mallomonas/Mallomonopsis 
SPP 

Source of specimens: Brim Bray Pond (all Figures). 





closely-spaced pores ;  a thickened r i m  surrounding t h e  . 

p o s t e r i o r  h a l f  of t h e  s c a l e ,  i n  t h e  c e n t r e  of which i s  one 

l a r g e  pore (Fig .  1 5 4 ) .  Sca les  reminiscent  of  those  of 

Mallornonas caudata  b u t  smal ler  and more t r u l y  ova l .  

B r i s t l e s  of s t o u t  appearance,  squared a t  t i p ,  wi th  an angled, 

f l a t t e n e d  f o o t .  Some o t h e r  v a r i e t i e s  of t h i s  spec ies  have 

r e c e n t l y  been r a i s e d  t o  s p e c i f i c  l e v e l  by K r i s t i a n s e n  

(1975b) . 
Occurrence: A few s c a l e s  seen i n  Sawley Dene, sp r ing  1978; 

occasional  s c a l e  groups i n  Picking G i l l  Lower Pool and 

B r i m  Bray Pond. 

Reported D i s t r i b u t i o n :  A l i m i t e d  number of r e c o r d s  i n  t h e  

world b u t  probably f a i r l y  widespread. Recorded i n  England 

by Lund (1942: a s  '~Ochromallomonas p e l o p h i l a " )  and H a r r i s  

( 1 9 6 6 ) ;  appears  t o  be sometimes common i n  humus-rich 

environments. 

MALLOMONOPSIS 

Sec t io  P a x i l l a t a e .  

2.  Mallomonopsis c a l c e o l u s  (Bradley) comb. nov. (F igs  157, 158) . 
Basionym: Mallomonas c a l c e o l u s  Bradley 

Scales  t r i p a r t i t e ,  w i th  weakly defined dome. Shie ld  

unperforated,  bea r ing  a l i m i t e d  number of regular ly-spaced 

pap i l l ae ;  f l a n g e  unornamented. B r i s t l e s  s h o r t ,  s l i g h t l y  

curved, smooth b u t  wi th  an  asymmetrically b i fo rked  t i p .  

The form of t h e  b r i s t l e  i s  c h a r a c t e r i s t i c  of t h i s  

sec t ion  of Mallomonopsis b u t ,  when o r i g i n a l l y  descr ibed  

(Bradley, 1 9 6 4 ) ,  t h i s  s p e c i e s  was considered t o  be a 

Mallomonas, a s  o n l y  a s i n g l e  f lage l lum was repor ted .  

Subsequently Belcher ( 1 9 6 9 )  demonstrated t h e  presence of a 

second f l age l lum a l though t h e  t r a n s f e r  t o  Mallomonopsis 

was not  made s i n c e  t h i s  au thor  advocated t h e  suppression of 

Mallomonopsis a s  a genus. I f  Mallornonopsis i s  t o  be 

r e t a ined ,  a s  favoured by t h e  p r e s e n t  t r ea tmen t ,  t h e  change 

i n  nomenclature above becomes necessary.  

Occurrence: Occasional s c a l e  groups i n  B r i m  Bray Pond. 

Reported D i s t r i b u t i o n :  Rather  r a r e  throughout world; 

recorded by Wujek & Van d e r  Veer ( 1 9 7 6 )  from t h e  Netherlands,  

otherwise only  by Bradley ( 1 9 6 4 ,  1 9 6 6 )  from Ice land  arid 

Scotland; Belcher  ( l o c .  c i t .  ) from Lancashire .  - 



3 .  Mallomonopsis "minuta" sp.  nov. (F igs  159 - 161) .  

s c a l e s  l ack ing  a  dome b u t  d iv ided  by a  V-rib i n t o  s h i e l d  

and f lange .  Shie ld  unperfora ted ,  bearing a  hexagonal 

a r r a y  of p a p i l l a e  over whole s u r f a c e ;  f l a n g e  unornamented 

except f o r  a  marginal  th icken ing  resembling a  second 

V-rib. B r i s t l e s  s h o r t ,  curved, wi th  a  s i n g l e  sub-apical  

tooth ;  a t t ached  t o  s c a l e  by a f l a t t e n e d  f o o t  s e t  a t  a  s l i g h t  

angle  t o  t h e  r e s t  of t h e  b r i s t l e .  

This  organism does n o t  correspond t o  any desc r ibed  

spec ies  a l though i s o l a t e d  s c a l e s  s i m i l a r  t o  t h o s e  seen here  

have been f i g u r e d  by o t h e r  a u t h o r s  ( s e e  below). The form 

of t h e  s c a l e  and t h e  b r i s t l e  i s  c o n s i s t e n t  w i t h  a  p o s i t i o n  

i n  t h e  genus Mallomonopsis c l o s e  t o  M. c a l c e o l u s  and - 
M. - p a x i l l a t a  Bradley ( s e e  Bradley, 1 9 6 4 ) ;  t h e  only  s i m i l a r i t i e s  

wi th  any Mallomonas s p e c i e s  a r e  wi th  t h e  domeless body 

s c a l e s  of M. mangofera H a r r i s  e t  Bradley b u t  t h e  l a t t e r  - 
organism i s  c l e a r l y  a  member of  t h e  Torquatae ( s e e  E a r r i s  

& Bradley, 1960) ,  while  t h e  p r e s e n t  spec ies  d i s p l a y s  none 

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

A t  p r e s e n t ,  spec ies  a r e  ass igned t o  ~ a l l o m o n o p s i s  

p r i m a r i l y  i f  they  show two emergent f l a g e l l a .  This  f e a t u r e  

has  n o t  y e t  been demonstrated f o r  M. "minuta". - 
Occurrence: Occasional c e l l s  and s c a l e s  found i n  B r i m  Bray 

Pond. 

Reported D i s t r i b u t i o n :  A s  u n i d e n t i f i e d  s c a l e s ,  by Bradley 

(1966: F i g s  4 0 ,  4 2 )  from Scot land,  and a  v a r i a n t  form wi th  

a  more markedly toothed b r i s t l e  i n  Japan by Takahashi 

(1959; i n  Takahashi, 1978: F i g s  64, 65) .  , Sca les  of 

M. "minuta" have a l s o  been found by t h e  p r e s e n t  au thor  i n  

samples from an o l i g o t r o p h i c  l a k e  near  Leeds, November 1978. 

A d e t a i l e d  d e s c r i p t i o n  of t h i s  organism i s  g i v e n  i n  Appendix V. 

SYNURA 

S e c t i o  P e t e r s e n i a .  

1. Synura p e t e r s e n i i  Korshikov ( F i g s  162 - 1 6 4 ) .  

Sca les  ova l ,  base-p la te  p e r f o r a t e d  and bear ing  r a d i a l  s t r u t s ;  

p e r f o r a t e d ,  r a i s e d  c y l i n d r i c a l  s t r u c t u r e  running down c e n t r e  

i of s c a l e ,  sometimes bear ing  an a p i c a l  tooth.  P o s t e r i o r  

margin of s c a l e  r e f l e x e d  and extending ca.  half-way around 

! s i d e s .  S c a l e s  borne on p o s t e r i o r  r eg ion  of c e l l  a r e  smal ler  



FIGS 1 6 2  - 1 6 9  , TEM of scale-bearing Chrysophyeeae, XII. 

Figs  1 6 2  - 1 6 4  Synura p e t e r s e n i i .  

Fig.  1 6 2 :  s i n g l e  c e l l  (detached from c o l o n y ) ,  
X 3,000; note  two emergent f  l a g e l l a .  

Fig. 163: p o r t i o n  of s c a l e  case ,  X 8,000, 

Fig. 1 6 4 :  s i n g l e  s c a l e ,  12,000. 

F igs  1 6 5  - 1 6 6  Synura c u r t i s p i n a .  

Fig.  165: group of s c a l e s ,  X 6,000; n o t e  smal l  
p o s t e r i o r  s c a l e  ( a r row) .  

Fig. 1 6 6 :  s i n g l e  s c a l e ,  X 12,000. 

F igs  1 6 7  - 168 Synura- echinula  t a ;  

Fig. 1 6 7 :  s i n g l e  c e l l  (detached from c o l o n y ) ,  
X 6,000; no te  small p o s t e r i o r  s c a l e s  
(arrow) . 

Fig. 168: group of s c a l e s ,  X 12,000. 

Fig.  1 6 9 :  Synura sphagnicola:  s i n g l e  s c a l e  ( p a r t  
of s p i n e  miss ing)  , X 12,000. 

Source of specimens: Brim Bray Pond (Figs  1 6 2  - 163, 
1 6 7  - 1 6 9 )  

Sawley Dene (Figs  1 6 4  - 165).  
Rip ley  C a s t l e  Lake (Fig .  1 6 6 ) .  





and may l a c k  some cf t h e s e  f e a t u r e s  (no t  i l l u s t r a t e d ) .  

Occurrence: Small q u a n t i t i e s  seen i n  Sawley Dene, s p r i n g  

1 9 7 7  and 1978; common i n  Stanks Pond; occas iona l  i n  

picking G i l l  Lower Pool,  Eavestone Lake, Lurnley Foor 

Reservoir ( s p r i n g  sample) and Ripley C a s t l e  Lake. 

Reported D i s t r i b u t i o n :  Very common throughout  world, i n  

h a b i t a t s  of v a r i e d  types.  Recent B r i t i s h  m a t e r i a l  f i g u r e d  

by Hibberd (1973).  Addi t ional  information on t h i s  spec ies  

i s  given i n  Sec t ion  5 (p.  9 5 ) .  

SYNURA 

Sec t io  Synura. 

2 .  Synura c u r t i s p i n a  (Petersen  e t  Hansen) Elsmund 

(F igs  165, 166) .  

F l a t  o v a l  s c a l e s ,  somewhat pointed a t  a n t e r i o r  end, wi th  

l a r g e  p e r f o r a t i o n s  i n  p o s t e r i o r  and c e n t r a l  a r e a  of s c a l e  

and honeycomb-like p a t t e r n  covering approx. 1/3 of s c a l e  

area towards apex. S tou t ,  s l i g h t l y  t a p e r i n g  sp ine  borne 

a t  apex of s c a l e ,  te rminat ing  i n  2 - 3  small  t e e t h .  

P o s t e r i o r  margin r e f l e x e d  and extending around p o s t e r i o r  

ha l f  of s c a l e .  S c a l e s  from r e a r  p o r t i o n  of c e l l  may be 

simpler and l a c k  some of t h e s e  f e a t u r e s  (Fig.  1 6 5 ) .  

Occurrence: A few s c a l e s  i n  Sawley Dene, win te r  1976; 

t r a c e  amounts a l s o  i n  Picking G i l l  Upper Pool,  Eavestone Lak 

Lumley Moor Reservoi r  and Ripley C a s t l e  Lake. 

Reported. D i s t r i b u t i o n :  Widespread throughout  world b u t  

l e s s  common t h a n  S,  p e t e r s e n i i ,  Apparently unrecorded f o r  - 
B r i t a i n .  

3 .  Synura e c h i n u l a t a  Korshikov (F igs  167, 168') . 
Scales  s i m i l a r  t o  t h o s e  of S. c u r t i s p i n a  b u t  smal l e r ,  wi th  - 
c h a r a c t e r i s t i c  zigzag r i b b i n g  on a n t e r i o r  p o r t i o n  of 

sca le .  A p i c a l  s p i n e  of v a r i a b l e  l e n g t h  and may be pointed 

or  r a t h e r  b l u n t .  Simple p o s t e r i o r  s c a l e s  again  p r e s e n t  

(Fig. 1 6 7 ) .  

Occurrence: F a i r l y  f r e ~ u e n t  i n  B r i m  Bray Pond. 

Reported D i s t r i b u t i o n :  Widespread throughout world, 

f a i r l y  common i n  a  range  of h a b i t a t  types .  Recorded i n  

England by Abdel Karim (1965) from Priddy Pool and by 

Hibberd (.1973). 
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4 .  Synura sphagnicola  (Korshikov) Korshikov (Fig .  169) . 
s c a l e s  simple, covered wi th  p e r f o r a t i o n s ,  w i t h  a t h i n l y  

ref lexed margin extending most of t h e  way around t h e  s c a l e  

and a s l ender  a p i c a l  s p i n e  ( c f .  Hibberd, 1978) . 
Occurrence: A s i n g l e ,  incomplete s c a l e  found i n  Brim Bray 

Pond. 

Reported D i s t r i b u t i o n :  Widespread bu t  a p p a r e n t l y  r e s t r i c t e d  

t o  ac id  l o c a l i t i e s .  Recorded from B r i t a i n  by Har r i s  & 

~ r a d l e y  (1958) and Hibberd ( l o c .  c i t .  ) . - 

CHRYSOSPHAERELLA 

l. Chrysosphaerel la  b rev i sp ina  Korshikov emend. H a r r i s  e t  

Bradley (F igs  170 - 1 7 2 ) .  

Sca les  oval ,  w i th  c h a r a c t e r i s t i c  r i n g  of f l u t e d  ornamentation 

around c e n t r a l  a r e a ;  s p i n e s  s t o u t ,  with b i fo rked  t i p  and 

complex bobbin-shaped b a s a l  reg ion ,  t h e  t h r e e  dimensional 

s t r u c t u r e  of which has  been r e c e n t l y  i l l u s t r a t e d  by Takahashi 

(1978). 

Occurrence: A few s c a l e  groups found i n  Picking  G i l l  Pools 

(Upper and Lower) and i n  Ripley  C a s t l e  Lake. 

Reported D i s t r i b u t i o n :  Widespread i n  world b u t  f a i r l y  uncorrunon. 

B r i t i s h  examples s t u d i e d  by H a r r i s  & Bradley (1958).  

SPINIFEROMONAS 

1. Spiniferomonas b o u r r e l l i i  Takahashi ( F i g s  173 - 175) . 
Scales  oval ,  p l a i n  except  f o r  f a i n t  oval  o u t l i n e  t o  c e n t r a l  

por t ion .  ' Each c e l l  w i t h  3 - 5 long sp ines ,  t a p e r i n g  

towards t i p  and f l a r i n g  n e a r  c e l l  t o  form a c o n i c a l  b a s a l  

region.  

One s c a l e  seen  (arrow, Fig .  175) bears  double c e n t r a l  

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

reminiscent  of S. b i l acunosa  ( s e e  Takahashi, 1973) .  - 
Occurrence: Small numbers i n  Sawley Dene, January 1978; 

a l s o  occas ional  i n  Picking G i l l  Pools (Upper and ~ o w e r )  

and Eavestone Lake. 

Reported D i s t r i b u t i o n :  p rev ious ly  known only  from type 

l o c a l i t y ,  mountain ponds i n  Japan (Takahashi, l oc .  c i t . ) .  - - 

2 .  Spiniferomonas b o u r r e l l i i  v a r .  "simplex" v a r .  nov. 

(Fig.  1 7 6 ) .  

C e l l  and s c a l e  d e t a i l s  a s  f o r  S. b o u r r e l l i i ,  b u t  ova l  s c a l e s  - 



FIGS 170 - 176 TEM of s c a l e - b e a r i n g  Chrysophyceae, X I I I .  

F i g s  170 - 172 Chrysosphaere l la  b r e v i s p i n a .  

F i g .  170: s i n g l e  s p i n e ,  x 12,000; n o t e  complex 
b a s a l  p o r t i o n .  

F i g .  171: group of s p i n e s  and o v a l  s c a l e s ,  X 

3,000. 

F i g .  1 7 2 :  i s o l a t e d  o v a l  s c a l e s ,  X 12,000.  

F i g s  173 - 175 Spiniferomonas,bourrellii. 

F i g .  173: whole c e l l ,  e p i p h y t i c  on A s t e r i o n e l l a ,  
x 3,000; n o t e  two f l a g e l l a  p r e s e n t .  

F i g .  174: ano ther  whole c e l l ,  X 6,000; p a r t s  of 
f l a g e l l a  v i s i b l e  a t  lower r i g h t .  

F i g .  175: i s o l a t e d  s p i n e s  and o v a l  s c a l e s ,  X 

12,000; one s c a l e  (a r row)  h a s  double  
c e n t r a l  marking. . 

F i g .  176: Spiniferornonas b o u r r e l l i i  v a r  . " simplex" : 
ova l  s c a l e s  and p a r t  of s p i n e ,  ~ ' 1 2 , 0 0 0 .  

Source  of  specimens: Ripley C a s t l e  Lake ( F i g s  170 - 1 7 2 )  
Sawley Dene ( F i g s  173 - 1 7 6 ) .  
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lacking d e l i n e a t e d  c e n t r a l  r eg ion ,  ornamented only by a 

s h o r t  t r a n s v e r s e  s t r u t .  Sca les  of t h i s  t y p e  have n o t  been 

descr ibed p rev ious ly  f o r  Spiniferomonas, a l though somewhat 

s i m i l a r  p l a t e  s c a l e s  a r e  borne by t h e  marine (?chrysophyte)  

organism Feringosphaera mediterranea Lohmann ( s e e  Leadbeater,  

1 9 7 4 :  P l a t e  l V ,  F ) .  The appearance of t h e  whole c e l l  

(not  i l l u s t r a t e d )  and t h e  sp ines  a r e  o the rwise  t y p i c a l  of 

S. b o u r r e l l i i .  
7 

Occurrence: A s i n g l e  c e l l  found i n  Sawley Dene, January 1978. 

Reported D i s t r i b u t i o n :  Not p rev ious ly  found. 

A d e s c r i p t i o n  of t h i s  v a r i e t y  is  g iven  i n  Appendix V. 

3. Spiniferomonas t r i o r a l i s  Takahashi ( F i g s  177, 178) .  

Sca les  ova l ,  w i th  conspicuously th ickened i n n e r  r i n g  

surrounding t h e  c e n t r a l  reg ion .  Spines numerous on one 

c e l l ,  showing two o r  t h r e e  f l a n g e s  extending from a long- 

i t u d i n a l  r i b ;  pointed a t  apex, f l a r i n g  s l i g h t l y  t o  b a s a l  

" foo t "  a t  r i g h t  ang les  t o  long a x i s  of sp ine .  

Occurrence: S c a l e s  very common (whole c e l l s  r a r e )  i n  

Stanks Pond and Picking G i l l  Pools. I s o l a t e d  s c a l e s  

(perhaps by  contaminat ion)  i n  Ripley C a s t l e  Lake sample. 

Reported D i s t r i b u t i o n :  Species  only r e c e n t l y  descr ibed  

(Takahashi, 1973) b u t  apparent ly  widespread (Kr i s t i ansen ,  

1975a, b; Stoermer & Sicko-Goad, 1977; Takahashi, 1978; 

and o t h e r  r e c o r d s )  . Not previous ly  r e p o r t e d  from B r i t a i n .  

4 .  Spiniferomonas c ruc ige ra  Takahashi ( F i g s  1 7 9  - 181).  

Ce l l  bea r ing  s c a l e s  of s e v e r a l  types:  smal l  o v a l  s c a l e s  

most common, open i n  c e n t r e  bu t  wi th  complex H-shaped 

p r o j e c t i o n s  b r i d g i n g  c e n t r a l  gap; smal l  number of l a r g e r ,  

oval  s c a l e s  wi th  open c e n t r e s ;  a n d , i n  a d d i t i o n , a  few s h o r t  

spear-shaped s p i n e s  reminiscent  of t h o s e  of S. t r i o r a l i s  - 
but  broader  and f l a t t e r .  

Occurrence: S i n g l e  c e l l  and i s o l a t e d  scale-groups found i n  

Lumley Moor Reservoi r  (summer sample only)  . . 
Reported D i s t r i b u t i o n :  Previous ly  known only  from type  

l o c a l i t y  i n  a mountain pond i n  Japan (Takahashi, 1973) .  

PARAPHYSOMONAS 

1. Paraphysomonas v e s t i t a  (Stokes)  De Saedeleer  (F igs  182, 184) . 
Scales  t h e  l a r g e s t  i n  t h e  genus, c o n s i s t i n g  of a p l a i n  



FIGS 1 7 7  - 182 TEM of scale-bearing Chrysophyceae, X I V .  

I F i g s  1 7 7  - 178 Spin i f  eromonas t r i o r a l i s .  

Fig.  1 7 7 :  whole c e l l  among As te r ione l l a  f r u s t u l e s ,  
X 3,000 ( f l a g e l l a  not v i s i b l e )  . 

! Fig. 178: i s o l a t e d  sp ines  and oval s c a l e s ,  X 12,000. 

F igs  l 7 9  - 181 Sp in i f  eromonas crucigera.  

Fig. 1 7 9 :  whole c e l l ,  X 3,000; two f l a g e l l a  v i s i b l e .  

Fig. 180: d e t a i l  of c e l l  body, X 12,000; arrow 
i n d i c a t e s  s h o r t  flagellurn. Note v a r i e t y  
or' s c a l e  types .  

Fig. 181: i s o l a t e d  s c a l e s ,  X 24,000, showing two of 
t h e  s c a l e  types .  

Fig. 182: Paraphysomonas v e s t i t a :  whole c e l l ,  
X 3,000; s c a l e s  and two E l a g e l l a  v i s i b l e ,  

Source of specimens: Picking G i l l  Upper Pool ( F i g s  177 - 178) 
Lumley Moor Reservoir (F igs  1 7 9  - 1811 
Sawley Dene (Fig.  182) .  





c i r c u l a r  base-p la te  wi th  a  thickened rim and a  s l i g h t l y  

taper ing  sp ine  a r i s i n g  from t h e  c e n t r e  of t h e  scale-base.  

Occurrence: Abundant i n  Sawley Dene, January 1977, 

occasional  i n  sp r ing  1978; f a i r l y  common i n  Stanks Pond, 

Picking G i l l  Pools  and Eavestone Lake; a  f e w  s c a l e s  i n  

Ripley C a s t l e  Lake. 

Reported D i s t r i b u t i o n :  Very common throughout t h e  world, 

poss ib ly  t h e  most common chrysophycean s p e c i e s  i n  f reshwater ;  

a l s o  found i n  s a l t  water  (Thomsen, 1975; Lee, 1978) .  

Rarest  i n  a c i d  cond i t ions  (Takahashi, 1978) . 
See p. 48 and p. 89 f o r  more information on t h i s  spec ies .  

2 .  Paraphysomonas imper fo ra ta  Lucas ( F i g s  183, 184) . 
Scales  of same b a s i c  form a s  t h o s e  of P. v e s t i t a  b u t  less - 
than h a l f  t h e  s i z e  and l ack ing  thickened r i m .  C e l l  ve ry  

much smal ler  than  t h a t  of P. v e s t i t a  (compare F i g s  183 - 
and 1 8 2 ) .  

Occurrence: - Present  i n  smal l  numbers throughout sp r ing  

1978 i n  Sawley Dene;. f a i r l y  common i n  Stanks Pond. 

Reported D i s t r i b u t i o n :  Recorded s e v e r a l  t imes  from s a l t  

or  brackish  water  throughout  t h e  world, inc luding  Eng.lish 

s i t e s  (Lucas, 1967; Hibberd, 1979) ; Takahashi ( 1 9 7 6 )  

i l l u s t r a t e s  some s l i g h t l y  v a r i a n t  s c a l e s  from f reshwater  

i n  Japan. 

3. Paraphysomonas f o r a m i n i f e r a  Lucas v a r .  " t r i f i d a "  va r .  

nov. ( F i g s  185, 186) .  

Sca les  a  l i t t l e  l a r g e r  t h a n  t h o s e  of P. imperfora ta ,  - 
comprising a  meshwork base -p la te  from which arises a 

c e n t r a l  t a p e r i n g  sp ine ,  branched i n t o  t h r e e  n e a r  i t s  base.  

Some s c a l e s  apparen t ly  l a c k i n g  such a  spine.  

This  taxon i s  c l o s e  t o  P.  foramini fera  ( s e e  Lucas, 1 9 6 7 )  - 
bu t  i n  t h e  l a t t e r  s p e c i e s  t h e  base-p la te  of t h e  s c a l e  i s  

c l e a r l y  formed from an amorphous matr ix  which i s  pe r fo ra ted ,  

r a t h e r  than  from a meshwork of narrow s t r u t s  a s  seen i n  

t h i s  taxon and some o t h e r  Paraphysomonas s p e c i e s  ( s e e  

Rees e t  a l . ,  1 9 7 4 ) .  I n  a d d i t i o n ,  each s c a l e  of P. fo ramin i fe ra  -- - 
sens.  s t r i c t .  bea r s  a  s i n g l e  s l ender  sp ine  a r i s i n g  from 

t h e  c e n t r e  of t h e  base-p la te ,  wi thout  a branched base.  

The p resen t  taxon i s  cons idered  here  a s  an undescribed v a r i e t y  



FIGS 18.3 - 1 9 1  

F i g s  183 - 184 

F i g .  183: 

F i g .  184: 

F i g s  185 - 186 

F i g .  185: 

F i g .  186: 

. ' 

F i g s  187 - 190 

' F i g .  187: 

F i g .  188: 

F i g .  189: 

F i g .  190: 

F i g .  191: 

Source  of specim 
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of - P. f o r a m i n i f e r a  b u t  i t s  a f f i n i t i e s  wi th  t h e  o t h e r ,  

meshwork-scaled s p e c i e s  might j u s t i f y  i t s  r a i s i n g  t o  

s p e c i f i c  l e v e l  on t h e  s tudy 'of more m a t e r i a l .  

Occurrence: I s o l a t e d  s c a l e s  i n  Sawley Dene, sp r ing  1978; 

a l s o  i n  P icking  G i l l  Upper Pool and Lumley Moor Reservoi r .  

Reported D i s t r i b u t i o n :  S imi lar  s c a l e s  f i g u r e d  by Takahashi 

( 1 9 7 6 )  from f reshwate r  i n  Japan. Other Eng l i sh  specimens 

(Hibberd, 1979) from Dorset  a r e  r e f e r a b l e  t o  P .  fo ramin i fe ra  - 
sens. s t r i c t .  

A d e s c r i p t i o n  of t h i s  v a r i e t y  i s  g iven  i n  Appendix V. 

1 

4 .  Paraphysomonas bandaiensi 's  Takahashi ( F i g s  187 - 1 9 0 ) .  

Minute s c a l e s  of same b a s i c  form a s  i n  P. v e s t i t a  b u t  covering - 
c e l l  i n  ve ry  l a r g e  numbers. Each s c a l e  has  marg ina l  r i b  

and s h o r t  c e n t r a l  sp ine ,  both of s i m i l a r  t h i c k n e s s .  

Occurrence: Occasional  i n  Sawley Dene, s p r i n g  1977 and 1978, 

usua l ly  e p i p h y t i c  on A s t e r i o n e l l a  and a t t a c h e d  t o  t h e  diatom 

wall  with a s h o r t  s t a l k .  F a i r l y  f r equen t  i n  Picking G i l l  

Upper Pool. 

Reported D i s t r i b u t i o n :  ' Recorded i n f r e q u e n t l y . i n  f reshwater  

only (Takahashi,  1976; Hibberd, 1979, from t h e  English 

Lake D i s t r i c t ) .  

5. Paraphysomonas b u t c h e r i  Pennick e t  Clarke  (Fig.  1 9 1 )  . 
~ e s h w o r k  s c a l e s  of two types  ( see  Pennick & Clarke ,  1972) : 

r a i s e d  "crown" s c a l e s  and f l a t  " p l a t e "  s c a l e s .  P l a t e  

s c a l e s  oval ,  v e r y  smal l ,  composed of a meshwork of s t r u t s  

leaving r i n g s  of approximately concen t r i c  spaces ,  l e s s  

r egu la r  i n  t h e  c e n t r e ,  Somewhat s i m i l a r  p l a t e  s c a l e s  a r e  

borne by o t h e r  Paraphysomonas spec ies  ( s e e  Thomsen, 1975; 

Takahashi, 1976) .  

Occurrence: A ve ry  few p l a t e  s c a l e s  seen i n  Sawley Dene, 

January 1978, b u t  e a s i l y  overlooked a t  low magni f i ca t ions  

and probably under-recorded. 

Reported D i s t r i b u t i o n :  Known from marine and a few f reshwater  

s i t e s  (e.g.  Wujek & Van d e r  Veer, 1 9 7 6 ) .  Not previous ly  

repor ted  from f reshwater  i n  B r i t a i n .  
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Resul t s  a n d  T;lvnnr\ni m 

PART B: NON-CHRYSOPHYCEAN O R G A N I S h s  
. -.l?&: 

Note: Species  which may be p o s i t i v e l y  determined a. ual 

' 5  .l&. a r e  arranqed a s  i n  ~ a - i ~ ~ ~  / , n r o \  -- - . -- a-uLLL \ 12 oo I . undetermined spec ies  of 

t h e  hel iozoan genus Acanthocys t i s  a r e  included wi th  t h e  

S i s  a t  p r e s e n t  - -, - < 
named species .  The genus Gyromitu 

u n c l a s s i f i a b l e  ( s e e  Swale & Belcher,  1~14). Sca les  of 

undescribed organisms a r e  placed l a s t .  

Heliozoa: Cen t rohe l id ia  

ACANTHOCYSTIS 

1. Acanthocyst is  t u r f a c e a  C a r t e r  (Fig.  192) . 
syn. A.  - chaetophora (Schrank) 

Biforked sp ines  of two l e n g t h s  ( c f .  Fig.  57) t o g e t h e r  with 

oval  p l a t e  s c a l e s  S c a l e  i n  Fig.  1 9 2  i s  7.3 p long and 

corresponds t o  t h e  s m a l l e s t  type  v i s i b l e  i n  F ig .  57.  

Occurrence: A few s p i n e s  i n  Sawley Dene, January  1978 

( s e e  p. 54 f o r  LM o b s e r v a t i o n s ) .  

Reported D i s t r i b u t i o n :  One of t h e  commoner f r e shwate r  

hel iozoans (Wailes, 1 9 2 1 )  b u t  few modern records .  

2. Acanthocyst is  e r i n a c e o i d e s  Petersenet  Hansen (F igs  193, 1 9 4 ) .  

Spines s l ender ,  v i r t u a l l y  s t r a i g h t  with b l u n t  t i p  and 

d i s t i n c t i v e  paddle-shaped p r o j e c t i o n s  a t  base  (Fig.  1 9 4 :  

c f .  Fig. 58) te rminat ing  i n  a  r e f l e x e d  semi-c i rcular  " l i p "  

(A. Rees, unpublished SEPT o b s e r v a t i o n s ) .  Oval p l a t e  

s c a l e s  a l s o  p resen t ,  w i th  thickened,  s l i g h t l y  i r r e g u l a r  

margin. Fig.  58 shows t h e  appearance of t h i s  s p e c i e s  i n  

t h e  LM. 

Occurrence: Small numbers of c e l l s  i n  Sawley Dene, March - 
May 1977 ( s e e  p. 55 f o r  LM r e c o r d s ) .  C e l l s  a l s o  i n  Ripley 
C a s t l e  Lake. 

Reported Dis t r ibu t ion :  Known from Denmark and Scot land 

( s e e  p. 55) .  

3. ~ c a n t h o c y s t i s  "sp.  1" (undescribed)  ( F i g s  195, 1 9 6 ) .  

Spines wi th  biforked t i p s  b u t  smal ler  than t h o s e  of 

A. - t u r f a c e a  and of two c h a r a c t e r i s t i c  types: one 3.5 - 
5.5 ~ u n  long, biforked c l o s e  t o  s c a l e  t i p  and wi th  s e r r a t i o n s  

on inner  m a r g i n s ;  t h e  o t h e r ' l . 5  - 2.0 p long, d i v i d i n g  



FIGS 192 - 201 TEM of non-chrysophycean scale-bearing 
organisms, I. 

Fig. 192: Acanthocystis turfacea: single spine, 
X 12,000. 

Figs 193 - 194 Acanthocystis erinaceoides. 

Fig. 193: whole cell, X 3,000. 

Fig. 194: two oval scales and base of spine, X 12,000. 

Figs 195 - 196 Acanthocystis "sp. 1". 

Fig. 195: group of spines, X 12,000; note 
serrations inside biforked spine tip 
(arrow) . 

Fig. 196: single scale with 4-branched tip, 
X 12,000. 

Fig. 197: Acanthocystis cf. echinata: single 
spine, X 12,000. 

Fig. 198: Acanthocystis "sp. 2":. single spine 
and oval scale, X 12,000; note teeth 
at apex of spine (arrow) . 

Fig. 199: Acanthocystis cf. perpusilla: single 
spine, X 12,000. 

Fig. 200: Acanthocystis "sp. 3": single spine, 
X 12,000. 

Fig. 201: Acanthocystis "sp. 4': single spine, 
X 12,000. 

Source of specimens: Sawley Dene (Figs 192 - 
196 - 197, 199 - 201) 

Ripley Castle Lake (Fig. 195) 
Brim Bray Pond (Fig. 198). 





i n t o  two p a r t s  about  halfway along s c a l e  and subsequent ly 

d iv id ing  again  t o  produce f o u r  p r o j e c t i o n s ,  t h e  t i p  of 

each o f t e n  ending i n  two t e e t h  (Fig.  1 9 6 ) .  Oval p l a t e  

s c a l e s  a l s o  p r e s e n t  ( n o t  v i s i b l e  i n  F ig .  1 9 5 ) ,  ca .  1 .5  

X 1.0 p. 
Occurrence: S i n g l e  c e l l  i n  Ripley C a s t l e  Lake; i s o l a t e d  

s c a l e  from Sawley Dene, January 1978. 

Reported D i s t r i b u t i o n :  Not known. 

4.  Acanthocystis sp.  c f .  A.  ech ina ta  Rainer  (Fig.  197) . - 
Spines s l ender ,  curving,  b lunt - t ipped;  l e n g t h  ca .  F- 
Comparison wi th  drawings based on l i g h t  microscopy i n  

Rainer (1968) sugges t s  t h e  above i d e n t i t y  b u t  s e v e r a l  o t h e r  

descr ibed s p e c i e s  have somewhat s i m i l a r  s p i n e s  (A. penardi  

Wailes, A. s p i n i f e r a  Greef f )  . - 
Occurrence: Sawley Dene, January 1978; a l s o  a whole c e l l ,  

poss ib ly  t h e  same s p e c i e s ,  i n  Lumley Moor Reservoi r .  

Reported D i s t r i b u t i o n :  Known only from R a i n e r ' s  d e s c r i p t i o n ,  

from f reshwater  i n  Germany. 

5. Acanthocyst is  "sp. 2"  (undescribed) (F ig .  198) .  

Spines b a s i c a l l y  s t r a i g h t ,  w i th  small  base -p la te ,  f l a r i n g  ' 

somewhat towards t i p ,  and crowned wi th  r i n g  of t i n y  t e e t h .  

Oval p l a t e  s c a l e s  a l s o  p resen t .  Length of s p i n e s  3 - 7  F; 
ova l s  ca.  2.5 X 2 . 0  . Not i d e n t i c a l  t o  s p i n e s  descr ibed  

elsewhere., 
P' 

Occurrence: A smal l  number of sp ines  and p l a t e s  i n  

B r i m  Bray Pond. 

Reported D i s t r i b u t i o n :  Not known. 

6 .  Acanthocyst is  sp.  c f .  A.  p e r p u s i l l a  P e t e r s e n  e t  Hansen - 
(Fig.  1 9 9 ) .  

Spine r e l a t i v e l y  t h i c k ,  r a t h e r  i r r e g u l a r ,  w i t h  l a r g e ,  

asymmetrically placed base-p la te .  Tip of s p i n e  b lun t ;  

'spine length  5  p. Comparison with e l e c t r o n  micrographs 

of Pe tersen  & Hansen ( 1 9 6 0 )  suggests  t h a t  t h i s  i s  a  s c a l e  

of A.  p e r p u s i l l a  b u t  more m a t e r i a l  would be requ i red  f o r  - 
a  d e f i n i t e  i d e n t i f i c a t i o n .  

Occurrence: S i n g l e  s c a l e  i n  Sawley Dene, January 1978. 

Reported D i s t r i b u t i o n :  One s l i g h t l y  a c i d  f r e shwate r  l o c a l i t y  

i n  Denmark (Pe te r sen  & Hansen, &. c i t .  ) . 



7. Acanthocyst is  "sp.  3" (undescribed)  (F ig .  200) .  

Spine 4 F long, f a i r l y  s l e n d e r ,  wi th  small base-p la te  

and t r i p l e  branching a t  t i p  t o  produce t h r e e  p r o j e c t i n g  

p o i n t s .  No named s p e c i e s  w i t h  s i m i l a r  sp ines  bu t  s c a l e s  

seen i n  Japan (Takahashi, 1959) . 
Occurrence: S ing le  s c a l e  i n  Sawley Dene, January 1978. 

Reported D i s t r i b u t i o n :  A s  "microplankton sp.  7", from a 

paddy-field i n  Japan (Takahashi,  z. c&.: sp ines  and 

o v a l  p l a t e s  shown). 

8. Acanthocyst is  "sp.  4 "  (undescribed)  (F ig .  201) . 
Spine 2.3 )~m long, wi th  f a i r l y  smal l  base -p la te  and 

d i s t i n c t i v e  t i p  which i s  f l a r e d  outwards and te rminates  i n  

f i v e  p o i n t s .  This  s c a l e  i s  again  of a new type; it has 

some resemblance t o  Acanthocys t i s  "sp.  3" b u t  i s  probably 

a s e p a r a t e  taxon. 

Occurrence: S i n g l e  s c a l e  i n  Sawley Dene, February 1978. 

Reported D i s t r i b u t i o n :  Not p rev ious ly  found. 

RAPHIDOCYSTIS 

1. Raphidocyst is  t u b i f e r a  Penard (Sect ion  5, F i g s  286 - 310).  

S c a l e s  of t h r e e  types:  o v a l  p l a t e s  and small  bell-shaped 

s c a l e s ,  both of meshwork-type cons t ruc t ion ,  and long 

amorphous t u b u l a r  sp ines  w i t h  f l a r e d ,  open ends. A 

d e t a i l e d  d e s c r i p t i o n  of t h i s  s p e c i e s  i s  given i n  Sect ion  5 

(p. 1 0 4 ) .  

Occurrence: Sawley Dene, s m a l l  numbers of c e l l s  i n  summer/ 

autumn 1 9 7 6  and 1977 ( s e e  p.  5 4 ) .  Not found a t  any o t h e r  

sites. 

Reported D i s t r i b u t i o n :  See p .  1 0 4 .  

Genus of Uncertain Taxonomic P o s i t i o n  

GYROMITUS 

1. Gyromitus disomatus Skuja ( F i g s  202 - 204).  

S c a l e s  of one type  only: s h o r t ,  oval  c y l i n d e r s  wi th  

thickened rims, each w a l l  p e r f o r a t e d ,  with t h i n  base-plate  

c l o s i n g  one end ( s e e  Swale & Belcher ,  1 9 7 4 ) .  The whole 

c e l l  of t h i s  organism, s t u d i e d  wi th  sec t ions  by Swale & 

Belcher ,  i s  c o l o u r l e s s ,  wi th  two equal ,  smooth f l a g e l l a  

and i s  unique (except  f o r  another  s p e c i e s  of Gyromitus) 

i n  forming s c a l e s  i n  v e s i c l e s  a s s o c i a t e d  with t h e  mitochondrion. 



Figs 202 - 204 Gyromitus disomatus. 

Fig.  202: group of sca les ,  X 6,000. 

Fig.  203:- por t ion  of s c a l e  group, X 12,000- 

Fig.  204: individual  s c a l e s ,  X 24,000. 

Figs 205 - 206 Unknown species  A .  - 
Fig.  205: whole c e l l  and s ca l e s ,  X 12,000; note 

p a r t s  of two f l a g e l l a  a t  t op  of Figure.  

Fig.  206: i s o l a t e d  sca les ,  X 12,000. 

l Figs 207 - 208 Unknown species  B.  - 
Fig. .207:  group of sp ines  and ova l  s c a l e s ,  

X 12,000. 

Fig.  208: d e t a i l  of s i ng l e  sp ine  and ova l  s ca l e s ,  
X 24,000.. 

l Source of specimens: Sawley Dene ( a l l  F igures)  . 
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This sugges t s  a r a t h e r  i s o l a t e d  taxonomic p o s i t i o n  f o r  

t h e  genus. 

Occurrence: S ing le  scale-group i n  Sawley Dene, February 1 9 7  

Reported D i s t r i b u t i o n :  Known only  from f reshwate r  i n  

Europe and England ( s e e  Swale & Belcher,  loc .  c i t . )  . - - 

Species wi th  Sca les  of Undescribed Types 

Unknown s p e c i e s  A - (F igs  205, 206) . 
Scales  of a s i n g l e  type: round o r  sub-oval p l a t e s ,  

1.5 - 2.2 p X 1.2 - 1.8 p, f l a t  and unornamented except  

f o r  a f a i n t  th ickenin9  around t h e  s c a l e  margin. C e l l  

(Fig.  205) ca.  3.5 )~m i n  diameter ,  w i th  he terokont  

f l a g e l l a  and bear ing  ca.  20 s c a l e s .  The s c a l e s  of t h i s  

organism a r e  reminiscent  of t h e  p l a t e  s c a l e s  of c e r t a i n  

Spiniferomonas spec ies ,  e.g. S. b o u r r e l l i i  (F igs  173 - 1 7 5 ) ,  - 
but  it appears  t o  l ack  t h e  sp ines  t y p i c a l  of a Spiniferomonas 

al though i t s  d l a g e l l a  would be c o n s i s t e n t  w i t h  a taxonomic 

p o s i t i o n  w i t h i n  t h e  Chrysophyceae. 

Occurrence: Sawley Dene, i s o l a t e d  c e l l  and s c a l e s ,  

August 1976 and January 1978. 

Reported D i s t r i b u t i o n :  Not p rev ious ly  found. 

Unknown s p e c i e s  B .  (F igs  2 0 7 ,  208).  - 
Scales  of two types:  f l a t  ova l s  wi th  a d i s t i n c t l y  

thickened rim, 1.0 - 1.3 p X 0.7 - 0.85 F, and s h o r t  

bell-shaped s c a l e s  with an extended t u b u l a r  t i p ,  1 .5  - 2 . 0  p 
long and 1.2 )lm i n  diameter  a t  t h e  f l a r e d  end. Sca les ,  

p a r t i c u l a r l y  t h e  l a t t e r  type,  u n l i k e  those  known f o r  any 

o the r  s p e c i e s  wi th  t h e  p o s s i b l e  except ion of Raphidocyst is  

t u b i f e r a  (e.g. Fig.  301) which has  bel l -shaped s c a l e s  composed 

of a meshwork m a t e r i a l .  

Occurrence: S i n g l e  s c a l e  group i n  Sawley Dene, January 1978. 

Reported D i s t r i b u t i o n :  Not previous ly  found. 

Unknown s p e c i e s  C ( ~ i ~ s  2 0 9 ,  210). - 
Sca:les of two b a s i c  types:  round o r  sub-oval p l a t e s  

2 . 3  - 3.0 p i n  diameter and f l a t t e n e d  sp ines  4.5 - 8.0 jim 

long. Each p l a t e  s c a l e  wi th  ornamentation of d i s t i n c t i v e  

type (Fig.  210): o u t e r  2/3 of s c a l e  t h i c k ,  wi th  closely-spaced 



F I G S  2 0 9  - 2 1 7  TEM of n o n - c h r y s o p h y c e a n  scale-bearing 
organisms, 111. 

F i g s  2 0 9  - 2 1 0  Unknown species C .  - 

F i g .  209:  group of s p i n e s  and pla tes ,  X 6 , 0 0 0 ;  
no te  sp ines  w i t h  bo th  p o i n t e d  and squared 
t i p s .  

F i g .  210 :  s i n g l e  p l a t e  scale, '  X 1 2 , 0 0 0 .  

F i g .  211 :  Unknown species D: s i n g l e  p l a t e  - 
scale ,  X 1 2 , 0 0 0 .  

F i g s  2 1 2  - 2 1 3  Unknown species E.  - 
F i g .  212 :  group of scales, X 6 , 0 0 0 .  

F i g .  2 1 3 :  s i n g l e  scale,  X 1 2 , 0 0 0 .  

F i g .  214 :  Unknown species F: s i n g l e  scale, - 
X 1 2 , 0 0 0 .  

F i g s  2 1 5  - 2 1 6  Unknown species G. - .  

F i g .  215 :  group of scales, X 6 , 0 0 0 .  

. F i g .  216 :  s i n g l e  scale, X 1 2 , 0 0 0 .  

F i g .  217 :  Unknown species H: s i n g l e  sca le ,  
X 1 2 , 0 0 0 .  

S o u r c e  of specimens: S a w l e y  Dene ( F i g s .  209  - 2 1 1 )  
Brim B r a y  P o n d  (F igs  2 1 2  - 2 1 3 ,  

2 1 5  - 2 1 7 )  
L u r n l e y  Moor R e s e r v o i r  ( F i g .  2 1 4 )  . 





ÿ er for at ions exce?t a t  s c a l e  rim; ova l  i n n e r  r eg ion  t h i n ,  

with s i m i l a r  but  more c l e a r l y  v i s i b l y  p e r f o r a t i o n s .  

Spines wi th  t r i a n g u l a r  base-plate ,  t h e  long a x i s  of s p i n e  

bearing c e n t r a l  o t  marginal r i b s ,  t e rmina t ing  i n  a  poin ted  

or squared, s l i g h t l y  b i f  orked t i p .  

These s c a l e s  do not  c l o s e l y  resemble any previous ly  

recorded types ,  wi th  t h e  p o s s i b l e  except ion  of some p l a t e  

s c a l e s  a s c r i b e d  t o  Potamodiscus (Gaarder e t  a l . ,  1976: -- 
Figs  15 - 1 6 )  b u t  n o t  belonging t o  t h e  s i n g l e  known s p e c i e s  

P. k a l b e i  G e r l o f f .  The l a t t e r  s p e c i e s  i s  i n  f a c t  a  l a t e  - 
synonym f o r  t h e  hel iozoan organism Pinaciophora f l u v i a t i l i s  

Greeff,  t h e  s c a l e s  of which have r e c e n t l y  been examined by 

e l e c t r o n  microscopy (Belcher & Swale, 1978) . It  i s  t h e r e f o r e  

poss ib le  t h a t  t h e  p r e s e n t  organism i s  a  he l iozoan c l o s e  t o  

Pinaciophora,  a l though i n  t h e  l a t t e r  genus s p i n e  s c a l e s  a r e  

unknown. 

Occurrence: A few s c a l e s  i n  Sawley Dene on two occasions,  

January 1978. 

Reported D i s t r i b u t i o n :  Not p rev ious ly  found b u t  f u r t h e r  

examples c o l l e c t e d  i n  a  small  o l i g o t r o p h i c  l a k e  near  Leeds 

(A. Rees, unpublished)  . 

Unknown s p e c i e s  D (Fig.  2 1 1 ) .  - 
A s i n g l e  o v a l  s c a l e  found, amorphous b u t  w i t h  f a i n t  sugges t ion  

of meshwork s t r u c t u r e ,  dimensions 4 . 0  X 6 . 0  p. D i s t i n c t i v e  

thickened margin, 0 . 4  - 0.5 p wide, and narrow mid-rib 

along iong a x i s  of s c a l e .  This s c a l e  appears  t o  be of 

s i m i l a r  type  t o  t h e  ova l  s c a l e s  of t h e  he l iozoan 

~ a ~ h i d o c ~ s - k i s  t u b i f e r a  ( s e e  p. 106) and may belong t o  an 

undetermined member of t h a t  genus. A l t e r n a t i v e l y ,  oval  

s c a l e s  have been seen by l i g h t  microscopy i n  r e l a t e d  

genera, e.  g .  Raphidiophrys (Penard, 1904; Rainer ,  1 9  68) . 
Occurrence: S i n g l e  s c a l e  i n  Sawley Dene, January 1978. 

Reported C i s t r i b u t i o n :  Not known. 

Unknown s p e c i e s  E (F igs  2 1 2 ,  213). - 
Thin oval  s c a l e s  bear ing  r ibbed  th ickenings  r a d i a t i n g  i n  

a  c l ea r ly -de f ined  p a t t e r n  from t h e  c e n t r a l  a r e a  of t h e  

s c a l e  (F ig ,  213) ;  s c a l e s  varying i n  s i z e  from 1 . 2  X 2.0 

t o  4.0 X 5.5 F. Margin s l i g h t l y  thickened b u t  r a t h e r  
F 
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d e l i c a t e  i n  appearance ( c f .  Unknown spec ies  F,. below). - 
The a f f i n i t i e s  of t h e s e  s c a l e s  a r e  obscure,  a l though t h e y  

a r e  poss ib ly  he l iozoan i n  o r i g i n  ( s e e  remarks on spec ies  F ) .  
i - 

Occurrence: I s o l a t e d  s c a l e s  and scale-groups i n  B r i m  Bray 

Pond. 

~ e p o r t e d  D i s t r i b u t i o n :  Not known. 

Unknown s p e c i e s  F (F ig .  214) . 
A s i n g l e  ova l  s c a l e ,  2 . 5  X 6 . 0  )un, resembling a s c a l e  of 

spec ies  E b u t  d i s t i n g u i s h e d  by a thickened margin, ca.  - 
0.25 wide, and a more s t r o n g l y  p a r a l l e l  p a t t e r n  of r i b s  

a r i s i n g  from an extended c e n t r a l  reg ion .  This  l a s t  

f e a t u r e  i s  reminiscent  of t h e  mid-rib seen i n  t h e  ova l  

s c a l e s  of Raphidocyst is  ( s e e  p. 107 and s p e c i e s  (2, below), 

suggest ing t h a t  t h e  organism concerned may be another  hel iozoan.  

Occurrence: . Lumley Moor Reservoi r  ,(one scale only)  . 
~ e p o r t e d  D i s t r i b u t i o n :  Very s i m i l a r  s c a l e s  i l l u s t r a t e d  by 

.- Takahashi (1959: Fig.  53) from a Japanese lake .  

Unknown spec.ies G ( F i g s  215, 216) . - 
Sca les  ova l ,  2.3 X 6 . 0  p t o  2.5 X 10.0 p, i d e n t i c a l  t o  

o v a l  s c a l e s  of Raphidocyst is  t u b i f e r a  ( see  Fig .  302)  

except  f o r  more elongated shape. This  s p e c i e s  i s  c l e a r l y  

a c l o s e  r e l a t i v e  of R. t u b i f e r a ,  poss ib ly  a v a r i a n t  form - 
of t h e  s a m e  spec ies .  

Occurrence: I s o l a t e d  s c a l e s  and s c a l e  groups i n  Brim,Bray 

Pond only  (R. t u b i f e r a  found o n l y  i n  Sawley Dene). - 
Reported D i s t r i b u t i o n :  'Not known. 

Unknown s p e c i e s  H (Fig.  2171, - 
S i n g l e  s c a l e  found, 1 . 3  X 2 ' 2  f lm, wi th  thickened c e n t r a l  

r eg ion  and s h o r t  mid-rib, and s t r o n g l y  r ibbed ou te r  reg ion .  

Appearance u n l i k e  t h a t  of any o t h e r  s c a l e s  i n  t h i s  survey 

o r  r epor ted  i n  t h e  l i t e r a t u r e , ,  except  poss ib ly  s c a l e s  from 

t h e  auxospore wa l l  of c e r t a i n  diatoms t rawf ford, 1974). 

Occurrence: Brim Bray Pond 

Reported D i s t r i b u t i o n :  Not known. 
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Ecological  Discussion 

PART A: CHRYSOPHYCEAE 

Tables  7 - 8 and Fig.  218 summarise t h i s  p a r t  of t h e  

i n v e s t i g a t i o n ,  showing how t h e  same d a t a  may be  used t o  

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

spec ies  and t h e  r e l a t i v e  spec ies  r i c h n e s s  of t h e  si tes 

v i s i t e d .  I n  Table 7 t h e  spec ies  have been arranged i n t o  

t h r e e  groups according t o  how widely t h e y  occur  o u t s i d e  

Sawley Dene i n  t h e  s tudy a rea ;  from t h i s  t a b l e  it might 

be concluded t h a t  wi th in  t h e  Sawley Dene p lankton  a group 

of cosmopolitan,  pH-indif f e r e n t  s p e c i e s  (group a )  i s  

d i s t i n g u i s h a b l e  from a group of apparen t ly  " a l k a l i n e "  

spec ies  (group b )  and another  group wi th  an a l k a l i n e  - 
pre fe rence  b u t  a more r e s t r i c t e d  occurrence  (group c ) .  - 
Fur ther  c o n s i d e r a t i o n  of t h e  d a t a ,  however, sugges ts  t h a t  

such a d i s t i n c t i o n  on t h e  b a s i s  of pH-preference may be 

a r t i f i c i a l :  Takahashi (1978: F ig .  3 0 4 )  i n d i c a t e s  t h a t  

few s p e c i e s  of t h e  Synuraceae a r e  found s o l e l y  i n  a l k a l i n e  

h a b i t a t s ,  and r e f e r e n c e  t o  t h e  d i s t r i b u t i o n  records  a l r eady  

noted shows t h a t ,  by c o n t r a s t  t o  t h e  group a spec ies ,  - 
t hose  i n  groups b and c have r a r e l y  been recorded and t h e i r  - - 
t r u e  h a b i t a t  p re fe rences  may n o t  be  p roper ly  known. I t  

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

a r e  simply uncommon, t h e i r  d i s t r i b u t i o n  be ing  l i m i t e d  by 

f a c t o r s  which may o r  may n o t  inc lude  pH. 

Table 8 shows t h e  spec ies  which a r e  a b s e n t  from 

Sawley Dene b u t  occur 'e l sewhere  i n  t h e  s tudy  a rea  and thus  

presumably would grow i n  Sawley Dene i f  c o n d i t i o n s  were 

more s u i t a b l e .  I n  t h e s e  cases  it would appear  t h a t  many 
/ 

of t h e  s p e c i e s  a r e  excluded from Sawley Dene because of 

narrow pH to le rance :  of t h e  2 1  s p e c i e s  l i s t e d  i n  t h e  

Table, 15 were found l o c a l l y  i n  no o t h e r  a l k a l i n e  l a k e s  and 

i n  a t  l e a s t  some i n s t a n c e s  (Mallornonas actinoloma va r .  

maramuresensis, M. p a p i l l o s a ,  M. hamata, Synura sphagnicola)  - - 
a s i m i l a r  p re fe rence  has been noted elsewhere ( see  Takahashi, 

1978, and r e f e r e n c e s  previous ly  c i t e d )  . Nevertheless ,  

some cau t ion  i s  s t i l l  requi red  b e f o r e  e x t r a p o l a t i n g  from 

l imi ted  d a t a ;  f o r  example, Takahashi g i v e s  an  a c i d i c  

h a b i t a t  range  f o r  Chrysosphaerel la  b r e v i s p i n a  and 

Spiniferomonas t r i o r a l i s ,  while  on t h e  p r e s e n t  evidence 



able 7. Distribution of scds-bearing Chrysophyceae: 
organisms found in Szwley Dene, 

Collecting sites abbreviated as follows: BB = Brim Bray Pond; 
Ea = Eavestone Lake ; LM = Lumley Moor Reservoir; PG/~ = Picking 
Gill Upper Pool; PG/ii =  pick*^ Gill Lower Pool; Sa = Sawley 
Dene; St = Stanks Pond, 

(a) S~ecies occurring locally i1.1 lakes of varied tmes . , .a. - 
Mallomonas 1, acaroides var, 

Sa, PG/ii, BB 
heterosaina PG/'i,, Ea, BB, LM 

St, PG/~, Ea, BB, RC 

PG/ii, BB 

9 RC 
PG/i, Ea, U, BC 

St9 PG/i, PG/ii, Ea, 
PG/~, LM 

akro komo S 

elliptica Mallomonopsis l 

Synura 1. - S, petersenii Sa, St, PG/i, Ea, LM 
curtispina 

Paraphysomonas 1, 
3 0 

vestita 
foraminifera 
var, .l1 trifida" 

(b) Species occurring locally in alkaline lakes only 

Sa. PG/~.. P ~ / i i .  Ea Soiniferornonas 1, S, boiwrellii 

imperforata 
bandaiensis 

Paraphysomonas 2, 
4 0 

(c) Species found locally in Sawley Dene ,only . . 

Mallomonas 6, M, striata Sa 

bourrellii 
var o "S im~l ex1' 

Spiniferomonas 2 ,  

Paraphysomonas 5. - P. butcheri 



Table 8, Distribution of scale-bearing ' Chrysophyceae : 
organisms absent from Sawley Dene but found in 
other local collections, 

Collecting sites abbreviated as in Table 7, 

Mallornonas 3, MO tonsurata LM, RC 
.5, - MO actinoloma var, BB 

maranuresensis 
7, go striata var, PG/i, ~ / i i  

serrata 
80 g, flora pG/ii, BB, LM 
9, M, papillosa BB, RC 
10, M, pillula PG/~, RC 
12. E - pumilio var, BB 

"perf orataT1 
13. 3, T1clavoides" BB 
14. M. cf, schweaei BB 
15. M. cf, doignonii BB 
16.E, sp, (undescribed) BB 
17. M. caudata LM 
19. ii?. - hmata LM 
21. M; insignis - -- pG/ii 

Mallornonopsis 2. M. calceolus . BB 
3. MO "~~inuta" BB 

3, So echinulata BB 
4. So sphaggcola 

. . 

BB 
... . .  

Chry~osphaerella 1. - C, bre-Yispina PG/~, ~G/ii, RC 

Spiniferomonas 3, 5. trioralis St, PG/~, PG/ii, ( 
4. - So crucigera LM 



t h e s e  s p e c i e s  may a l s o  occur i n  a l k a l i n e  sites such a s  

t h e  Picking G i l l  Pools and Stanks  Pond. 

F igure  218 enables  t h e  number of spec ies  found i n  

Sawley Dene t o  be compared w i t h  t h o s e  found i n  t h e  o t h e r  

s i t e s .  It  should be emphasised t h a t  Sawley Dene i s  much 

more "completely" s tud ied  t h a n  t h e  o t h e r  l a k e s  and has ,  

accordingly ,  provided evidence of a  d i s p r o p o r t i o n a t e l y  

l a r g e  number of spec ies .  Any s i n g l e  c o l l e c t i o n  from 

Sawley Dene never contained more t h a n  9 s p e c i e s  and it 

i s  t h i s  f i g u r e  which is  perhaps t h e  most a p p r o p r i a t e  f o r  

t h e  p r e s e n t  comparison. 

Among t h e  si tes s t u d i e d  it i s  c l e a r  than  t h e n l a r g e "  

l a k e s  a r e  i n  g e n e r a l  i n f e r i o r  t o  t h e  smaller  l a k e s  o r  

pools  i n  terms of spec ies  d i v e r s i t y ,  a l though a t  times 

they  may suppor t  one o r  a  few s p e c i e s  of Chrysophyceae i n  

cons ide rab le  numbers. The d i v e r s i t y  of s p e c i e s  found i n  

s i n g l e  c o l l e c t i o n s  from B r i m  Bray Pond and t h e  Picking 

G i l l  Pools  compares with t h a t  found i n  Sawley Dene over 

a  much longer  per iod  of sampling. Stanks Pond, however, 

which i s  a l s o  r e l a t i v e l y  s m a l l ,  i s  anomalous i n  t h a t ,  whi le  

it was dominated by Chrysophyceae a t  t h e  time of sampling, 

on ly  a  few s p e c i e s  wereapresen t .  

The apparen t  d i f f e r e n c e  between t h e  complements of 

Sawley Dene and Eavestone Lake, which a r e  of comparable 

s i z e ,  s e t t i n g  and t r o p h i c  s t a t u s ,  seems t o  be  due almost 

e n t i r e l y  t o  t h e  d i f f e r e n c e  i n  sampling frequency i n  t h e  

p r e s e n t  study; a l l  of t h e  7 s p e c i e s  c o l l e c t e d  from 

Eavestone Lake were a l s o  found i n  Sawley Dene a t  some time 

and it i s  probable t h a t  more of t h e  Sawley t a x a  would a l s o  

be seen i n  Eavestone Lake w i t h  more ex tens ive  sampling. 

Desp i t e  t h e  genera l  a f f i n i t i e s  of l a r g e  o r  small ,  

a l k a l i n e  o r  a c i d  l akes  on t h e  b a s i s  of spec ies  d i v e r s i t y ,  

a s  shown i n  Fig .  218, many of t h e  s i t e s  produced examples 

of s p e c i e s  found nowhere e l s e  i n  t h e  s tudy a r e a .  I n  

Sawley Dene t h e s e  comprised Mallomonas s t r i a t a ,  Spiniferomonas 

b o u r r e l l i i  v a r  . "simplex", and Paraphysomonas bu tcher i ;  

i n  t h e  Picking  G i l l  Pools,  Mallornonas s t r i a t a  va r .  s e r r a t a  

and M. i n s i g n i s ;  i n  Lumley Moor Reservoir ,  Mallornonas caudata ,  - 
M. - hamata and Spiniferomonas c r u c i g e r a ;  and i n  B r i m  Bray 

Pond, an a s t o n i s h i n g  t e n  s p e c i e s .  I t  i s  c l e a r  t h a t  t h i s  



/ I  

Fig.  218. Numbers o f  s c a l e - b e a r i n g  chrysophyte  s p e c i e s  
found  a t  i n d i v i d u a l  s i t e s ,  

Total  number 
o f t a X a /"spp"/ 38  

I 

16 s p p  i n  Brim Bray Pond  

l0 s p p  i n  Lumley Moor 
Reservoir 

10 (?11) s p p  i n  Ripley Cas t l e  

n o f  r e s t r i c t e d  

t o  a c i d  l akes  
only 

23 SPP 

17 spp  in Sawley  Dene  
/maximum in  any one sample - 9 spp / 

7 s p p  in Eaves tone  Lake 

5 s p p  in  S t a n k s  Pond 

19 spp i n  2 Picking Gi l l  P o o l s  

75 spp i n  Upper Pool 

10 spp i n  Lower Pool 



l a t t e r  s i t e ,  i n  p a r t i c u l a r ,  would repay f u r t h e r  s tudy.  

While t h e s e  apparent  degrees  of d i s t i n c t i v e n e s s  might be 

lessened with more i n t e n s i v e  sampling, it i s  n e v e r t h e l e s s  

no t i ceab le  t h a t  l a k e s  where g e n e r a l l y  s i m i l a r  e c o l o g i c a l  

condi t ions  should p r e v a i l  can s t i l l  support  r a t h e r  d i f f e r e n t  

a l g a l  populat ions.  . 

PART B: NON-CHRYSOPHYCE3.N ORGANISMS 

Of t h e  18 t a x a  t r e a t e d  under t h i s  heading, 13  were found 

i n  Sawley Dene (Table 9 )  a l though i n  some c a s e s  only  a  

s i n g l e  s c a l e  o r  scale-group was seen, even dur.ing t h e  most 

thoroughly sampled pe r iod  (January/February 1978) .  

Whole c e l l s  were encountered i n  r e l a t i v e l y  few cases  
I 

(Acanthocystis t u r f a c e a ,  A .  - e r inaceo ides ,  Raphidocyst is  t u b i f e r a ,  

Unknown sp. 5)  and i n  g e n e r a l  t h e s e  organisms were much 

r a r e r  than t h e  chrysophyte s p e c i e s  and never showed a 

tendency t o  form l a r g e  popu la t ions  a t  any t ime of year ,  

such a s  i s  found f o r  some Chrysophyceae i n  s p r i n g  ( s e e  

Sect ion 2 ) .  1 
l 

The o v e r a l l  r a r i t y  of t h i s  element of t h e  plankton,  ! 

together  with i t s  exc lus ion  from s t r i c t  phytoplankton 

surveys,  has  r e s u l t e d  i n  a p a u c i t y  of e c o l o g i c a l  information 

i n  t h e  l i t e r a t u r e ;  l i k e w i s e ,  t h e  fragmentary d i s t r i b u t i o n  

records  from t h e  p r e s e n t  survey add l i t t l e  h a b i t a t  information,  

i n  c o n t r a s t  t o  t h e  chrysophycean records .  It i s  p o s s i b l e  

t h a t  t h e  open water  of l a k e s  and l a r g e  pools,  a s  i n v e s t i g a t e d  

i n  t h i s  survey, a r e  n o t  t h e  b e s t  s i t e s  f o r  c o l l e c t i o n  of 

t h e s e  organisms: Wailes (1921) sugges ts  t h a t  Heliozoa 

should be sought among a q u a t i c  vege ta t ion  and i n  boggy 

s i t e s .  The development of  any p lanktonic  popula t ions ,  

such a s  those  of Raphidocys t i s  t u b i f e r a  i n  Sawley Dene i n  

autumn 1 9 7 6 ,  might t h e r e f o r e  be a  comparatively r a r e  

occurrence.  

For those  s p e c i e s  about  which some information does e x i s t ,  

a  wide v a r i e t y  of p o s s i b l e  h a b i t a t s  i s  revealed .  Penard 

(1904) and Wailes ( 1 9 2 1 )  c o l l e c t e d  Heliozoa from f reshwater ,  

bu t  Acanthocyst is  c f .  t u r f a c e a  has  been found i n  t h e  sea  

(Leadbeater, 1974: a s  "Aurosphaera s p . " ) ,  a s  have va r ious  

spec ies  of Pinaciophora (Gaarder e t  a l . ,  1976  : a s  "Potamodiscus -- 
~ p p . " ) .  Gyromitus disomatus was found i n  a  d i t c h  near  

Cambridge (Swale & Belcher ,  1 9 7 4 )  and some Heliozoa 



Table 9. Distribution of non-cbqsophycean scale-bearing 
organisms, 

Collecting sites abbreviated as in Table 7, 

I, Organisms found in Sawley Dexs 

Acanthocys tis A, turfacea Sa - 
A, erinaceoides - Sa, RC 
A, "sp, 1" - Sa, RC 
A, cf, echLnata .. Sa, LM 

Sa As cf. perpusilla , - 
A, 'lsp, 311 - Sa 
A ,  "sp, 4" Sa 

Raphidocys tis R. tu-bifera - S a 
Gyromi tus G. disomatus - S a 
Unknown sp, A Sa 
Unknown sp, B Sa 
Unknown.sp, C Sa 
Unknown sp, 2 S a 

. . 
I Organisms found at other sites only 

., . , B$. 8 .  . - 
. ., 

Acanthocys,tis A, "sp, 2" . .  - . . 

.U&om sp, E .- . BB 
unknown spo 2 m- 
Unknown sp, G BB 
Unknown sp, g BB 

. . 
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a r e  f r equen t  i n  Sphagnum bogs (Wailes, 1 9 2 1 ) .  It would 

t h e r e f o r e  appear t h a t  many of t h e  organisms descr ibed  i n  

t h i s  ca tegory  a r e  r a t h e r  l e s s  h a b i t a t - s p e c i f i c  than  t h e  

Chrysophyceae and, accordingly,  t h e y  may i n  f u t u r e  be 

found by o t h e r  workers c o l l e c t i n g  from wate r s  of d i v e r s e  

type S .  



SECTION 5 L I G H T -  AND ELECTRON- MICROSCOPE OBSERVATIONS 

ON SELECTED SPECIES 

In t roduc t ion  

One of t h e  main o b j e c t i v e s  of t h e  p r e s e n t  s tudy was 

t o  i n v e s t i g a t e  t h e  u l t r a s t r u c t u r e  of s p e c i e s  found i n  t h e  

wild c o l l e c t i o n s .  I t  was decided t o  c a r r y  o u t  r o u t i n e  

EM f i x a t i o n s  of wi ld  m a t e r i a l  and undertake pre l iminary  

sec t ion ing  of a  wide range  of spec ies ,  s e l e c t i n g  a  small  

number f o r  d e t a i l e d  s tudy on t h e  b a s i s  of success  i n  

f i x a t i o n ,  embedding and s e c t i o n i n g  and on t h e  p o t e n t i a l  

s c i e n t i f i c  v a l u e  of t h e  u l t r a s t r u c t u r a l  o b s e r v a t i o n s  on 

each spec ies .  Thus wel l -s tudied  s p e c i e s  w e r e  i n  genera l  

avoided and, of t h e  o t h e r s ,  t h e  s e l e c t i o n  w a s  t o  some 

e x t e n t  d i r e c t e d  by t h e  e a s e  wi th  which a  d e s i r e d  organism 

could be loca ted  i n  t h e  b locks  of f i x e d  m a t e r i a l ,  together  

wi th  t h e  t e c h n i c a l  q u a l i t y  of t h e  p r e p a r a t i o n s  f i n a l l y  

obtained. The r e s u l t s  r epor ted  i n  % t h e  main p a r t  of t h i s  

Sec t ion  (pp. 89 - 108) concern four  s p e c i e s  on which t h e  

observat ions  were considered t o  be of p a r t i c u l a r  va lue ,  

both wi th in  and beyond t h e  con tex t  of t h e  p r e s e n t  study. 

Observations made w i t h  l i g h t -  and scanning e l e c t r o n -  

microscopes a r e  included where appropr ia t e .  

Mater ia ls  and Methods 

EM f i x a t i o n s  w e r e  c a r r i e d  o u t  on ca.  4 0  samples of 

wild m a t e r i a l  from t h e  net-tow c o l l e c t i o n s  (see p. 2 4  

f o r  sampling d e t a i l s ) ,  w i th  t h e  aim of incorpora t ing  a  

wide range of s p e c i e s  a t  t h e i r  per iods  of r e l a t i v e  abundance. 

I n  s p e c i f i c  c a s e s  t h e  samples were manipulated t o  o b t a i n  

t h e  maximum y i e l d  of t h e  d e s i r e d  spec ies ,  e .g .  by al lowing 

t h e  samples t o  s t and  f o r  s e v e r a l  hours and e x p l o i t i n g  t h e  

tendency of diatoms t o  s i n k  t o  t h e  bottom, of blue-green 

a lgae  t o  accumulate a t  t h e  su r face ,  o r  of some pigmented 

f l a g e l l a t e s  t o  d i s p l a y  p o s i t i v e  photo taxis .  F i l t r a t i o n  

of samples through nylon mesh of known pore - s i ze  was a l s o  

employed t o  o b t a i n  sub-samples r e l a t i v e l y  r i c h  i n  a l g a e  of 

a  d i s t i n c t  s ize-ca tegory .  

Mate r i a l  f o r  f i x a t i o n  was concentrated by c e n t r i f u g a t i o n  



and f ixed  a t  ~ O C  f o r  2h i n  2 %  Os04 mixed 1:l wi th  5% 

glu tara ldehyde  immediately p r i o r  t o  add i t ion  t o  t h e  

sample, both f i x a t i v e s  being made up i n  phosphate b u f f e r  

a t  pH7. Fixed samples were r i n s e d  i n  buf fe r  ( 3  X 30 min 

washes),  dehydrated i n  an e t h a n o l  s e r i e s  (20 min i n  each 

of 6 s t e p s )  and embedded i n  S p u r r ' s  r e s i n .  S e c t i o n s  were 

c u t  with g l a s s  knives  on a R e i c h e r t  OmU2 ultramicrotome, 

s t a i n e d  wi th  1% aqueous u r a n y l  a c e t a t e  (30 - 60 min) 

and Reynolds' l ead  c i t r a t e  (15 - 30 min) and examined i n  

Siemens Elmiskop 1 A  and 102 e l e c t r o n  microscopes. 

For scanning e l e c t r o n  microscopy, f r e s h  samples were 

d r i e d  onto formvar-coated g r i d s  as previous ly  descr ibed  

f o r  p repara t ion  of whole mounts f o r  t h e  TEM (p. 59) 

o r  onto g l a s s  cover - s l ips  i n  a s i m i l a r  manner. Af te r  

r i n s i n g  wi th  d i s t i l l e d  water ,  samples were cemented onto 

aluminium s t u b s ,  coated w i t h  gold  a t  1 . 2  kv i n  a So la t ron  

spu t t e r -coa te r  and examined i n  a Cambridge S 600 Stereoscan.  

D e t a i l s  of l i g h t  microscopy and TEM examination of 

whole mounts have been g iven  p rev ious ly  (pp. 2 5 ,  59) . 

Resu'l ' ts  a'nd Di's'cussion 

(i) Prel 'iniihary 'Inv'esti 'ga~t'iohs 

A number of s p e c i e s  w e r e  sec t ioned f o r  EM examination 

i n  order  t o  t e s t  f o r  adequate  f i x a t i o n  and t o  a s s e s s  t h e i r  

s u i t a b i l i t y  f o r  f u r t h e r  s tudy.  Species  inves t igaved 

included As'ter 'ionel.la formosa, Urogflena a e r i c a n a ,  Mallomonas 

akrokom'os/ Parap~hy'som'orias' ves t i ' t a , '  Clos'ter'iurn l i ' t to ra ' le ,  

Volvox aur'eu S,  P'edi'a S tr'm dupl'ex , Tra'che'l.omona S vo'lvoc i n a  , 
Eugleha c f .  '., v'&la'ta, ' Cera'ti'um' hirundi'ne.lla and Per  i d  inium 

cinc'tum. Sec t ions  of a number of u n i d e n t i f i e d  f l a g e l l a t e s  

were a l s o  encountered, a s  were s p e c i e s  of blue-green a l g a e  

which a r e  t o  be r epor ted  on s e p a r a t e l y  (H.A. Cmiech, t h e s i s  

i n  p r e p a r a t i o n ) .  Paraphysomonas and Peridinium were 

even tua l ly  s e l e c t e d  f o r  d e t a i l e d  s tudy,  t o  which were added 

Synura p 'e ' te rseni i  and' Raphi 'docystis tubi ' fera ,  s p e c i e s  f o r  

which a s p e c i a l  search  was made s i n c e  t h e i r  u l t r a s t r u c t u r e  

was a n t i c i p a t e d  t o  be of i n t e r e s t  ( s e e  pp. 9 5 ,  104) . 
(ii) Deta i l ed  Study of Organisms 

( a )  Paraphysomonas v e s t i t a  (Chrysophyceae) 

Paraphysomonas c e l l s  were abundant on only  one occasion 

i n  Sawley Dene, t h i s ' b e i n g  a sample taken through t h e  i c e  



(wk 4b) .  Liv ing  c e l l s  were occas iona l ly  noted a t  o t h e r  

t imes ( s e e  p.48) and it i s  l i k e l y  t h a t  t h e  s p e c i e s  was 

p resen t  on a d d i t i o n a l  occasions b u t  was overlooked s i n c e  

t h e  c e l l s  are c o l o u r l e s s  and t h e  c h a r a c t e r i s t i c  s c a l e s  

a r e  c l e a r l y  v i s i b l e  only wi th  phase o p t i c s .  Sca les  of 

P.  v e s t i t a  were r e g u l a r l y  found i n  EM p r e p a r a t i o n s  dur ing  

win te r / sp r ing  1977 and 1978 (wks 4b, lob ,  19b, 2c - 9c, 

14c) and t h e  s p e c i e s  i s  widely d i s t r i b u t e d  elsewhere i n  t h e  

Sawley a r e a  ( s e e  p. 76) 

Paraphysomonas i s  a genus of c o l o u r l e s s  f l a g e l l a t e s  

c l a s s i f i e d  i n  t h e  Chrysophyceae ( s e e  Hibberd, 1976, 1979) 

and t h e  s t r u c t u r e  of P. v e s t i t a ,  t h e  l a r g e s t  and most - 
well-recorded s p e c i e s ,  w a s  desc r ibed  i n  an e a r l y  EM study 

by Manton 8 Leedale ( 1 9 6 1 ) ,  who found t h a t  an o r g a n e l l e  

previous ly  observed wi th  LM, near  t h e  f l a g e l l a r  bases ,  was 

an unusual ly  l a r g e  Golgi body and t h a t  t h e  m i n e r a l i s e d  

s c a l e s  cover ing  t h e  c e l l  o r i g i n a t e d  i n  v e s i c l e s  w i t h i n  t h e  

cytoplasm. A t  t h a t  time t h e  organisms now separa ted  a s  

t h e  c l a s s  Prymnesiophyceae were s t i l l  grouped w i t h i n ' t h e  

Chrysophyceae and it was suggested t h a t  t h e  scale-forming 

process  i n  Paraphysomonas resembled t h a t  i n  t h e  prymnesiophyte 

Chrysochromulina; subsequent work on prymnesiophyte genera 

(e.g. Manton, 1966) has  shown t h a t  i n  t h i s  -class s c a l e s  a r e  

formed i n  Golgi  v e s i c l e s ,  while  i n  o t h e r  (pigmented) 

chrysophyte genera s c a l e  v e s i c l e s  a r e  t y p i c a l l y  a s s o c i a t e d  

with a s h e a t h  of  c h l o r o p l a s t  ER (Belcher ,  1969; Schnepf 

& Deichgraber,  1969) .  Recent ly Hibberd ( p e r s .  cornm. and 

Hibberd, 197 9 )  h a s  found s c a l e  v e s i c l e s  as 'sociated w i t h  f r e e  

ER i n  ano the r  s p e c i e s  of Paraphysomonas, P. banda iens i s ,  and - 
t hus  a re-examination of P. v e s t i t a  f o r  more s c a l e  d e t a i l s  - 
seemed d e s i r a b l e .  I n  add i t ion ,  some c e l l  f e a t u r e s  were 

e i t h e r  imper fec t ly  preserved o r  n o t  sec t ioned  i n  t h e  s tudy 

of Manton & Leedale ( 1 9 6 1 )  and it w a s  hoped t h a t  a d d i t i o n a l  

new obse rva t ions  could be made. 

Subsequent t o  t h e  completion of t h i s  work t h e  r e p o r t  

of Lee (1978) was published i n  which f u r t h e r  d e t a i l s  of 

scale-formation i n  P. v e s t i t a  were descr ibed  and t h e  occurrence - 
of t u b u l a r  mastigonemes i n  Golgi v e s i c l e s  was noted. Some 

of t h e  obse rva t ions  presented h e r e  a r e  t h e r e f o r e  no longer  

o r i g i n a l  and t h e i r  correspondence wi th  t h e  r e s u l t s  of Lee 



(1978) w i l l  be i n d i c a t e d  where appropr ia t e .  Lee ' s  EM 

observat ions  were l i m i t e d  t o  t h e s e  two p o i n t s ,  however, 

and c e r t a i n  a s p e c t s  of t h e  c e l l  s t r u c t u r e  s t i l l  remain 

t o  be proper ly  descr ibed .  

A l i v i n g  c e l l  of '  P .  ves t i ' t a  i s  shown i n  F ig .  219, . 

f l a t t e n e d  under cover - s l ip  p r e s s u r e  t o  d i s p l a y  t h e  c e l l  

contents .  The p r i n c i p a l  f e a t u r e s  a r e  c l e a r l y  v i s i b l e ,  

v i z .  t h e  e x t e r n a l  s c a l e  case ,  two unequal f l a g e l l a ,  t h e  

parabasa l  nucleus and a  l a r g e  p o s t e r i o r  food vacuole.  

Also v i s i b l e  a r e  t h e  Golgi body i n  i t s  c h a r a c t e r i s t i c  

p o s i t i o n  a d j a c e n t  t o  t h e  nucleus  and t h e  f l a g e l l a r  bases ,  

t h e  c o n t r a c t i l e  vacuole,  o t h e r  vacuoles  and g r a n u l a r ' i n c l u s i o n s  

i n  t h e  cytoplasm, a t  l e a s t  some of which a r e  probably 

ingested food p a r t i c l e s .  The c e l l  i n  Fig.  219 corresponds 

c l o s e l y  wi th  t h e  c e l l s  i l l u s t r a t e d  by Manton & Leedale 

( 1 9 6 1 :  F i g s  1 - 7 )  except  t h a t ,  i n  t h e  l a t t e r  m a t e r i a l ,  

food p a r t i c l e s  w e r e  r e g u l a r l y  s p h e r i c a l  and v e r y  prominent 

i n  t h e  cytoplasm. 

Fig. 2 2 0  shows a  ce l l  i n  t r a n s v e r s e  s e c t i o n ;  t h e  

p lane  of t h i s  s e c t i o n  i s  v e r y  s i m i l a r  t o  t h a t  of F ig .  12 

i n  Manton & Leedale (1%. c>.). The c e l l  appear s  

s l i g h t l y  con t rac ted  w i t h i n  i t s  s c a l e  case  and d i s p l a y s  

t h e  nucleus,  Golgi  body, mitochondria,  membraneous inc lus ions ,  

scale-forming v e s i c l e s  i n  t h e  cytoplasm (arrows)  and a  

l a r g e  food vacuole of i r r e g u l a r  shape, con ta in ing  mature 

s c a l e s  i n  a d d i t i o n  t o  b a c t e r i a  and o the r  d e b r i s .  This  

vacuole is  of s i m i l a r  appearance t o  o t h e r  vacuoles  which 

con ta in  recognisably  ext raneous  organisms (see below) and 

i s  c l e a r l y  t h e  r e s u l t  of phagotrophy; t h e  sugges t ion  

of Manton ' &  Leedale  ( 1 9 6 1 )  t h a t  s i m i l a r  vacuoles  might 

r e p r e s e n t  t h e  l a s t  s t a g e  i n  t h e  process  of s c a l e  formation 

and r e l e a s e  seems t o  be i n c o r r e c t .  Sca les  may cont inue  

t o  be r e l e a s e d  through t h a t  p a r t  of t h e  plasmalemma which 

d e l i m i t s  a  newly-formed food vacuole bu t  they  a r e  t y p i c a l l y  

r e l e a s e d  d i r e c t l y  t o  t h e  c e l l  sur face .  This  process  i s  

shown i n  F i g s  2 2 1  - 2 2 4  where t h e  pro£ i l e  of a s c a l e  .may be 

t r aced  i n  success ive  s e c t i o n s  a t  t h e  po in t  when i t s  s c a l e  

v e s i c l e  has  fused wi th  t h e  plasmalemma and t h e  con ten t s  a r e  

being discharged t o  t h e  o u t s i d e .  

The micrographs of Manton & Leedale (1961) show t h a t  

many mature s c a l e s  may be found wi th in  s l i g h t l y  d i l a t e d  



FIGS 2 1 9  - 230 

Fig .  2 1 9 :  

. F i g s  220 - 230 

Fig .  220: 

Fig.  2 2 1  - 

Fig. 225: 

Fig.  2 2 6 :  

Fig.  227 :  

F ig .  228: 

F ig .  2 2 9 :  

F ig .  230: 

Paraphysomonas v e s t i t a ,  I .  

LM cf l i v i n g  c e i l  viewed, w i t h  a n o p t r a l  
c o n t r a s t ,  X 1,000; no te  two f l a g e l l a ,  
s c a l e s  ( S ) ,  nuc leus  (n) with nucleolus ,  
Golgi body ( g )  and food vacuole ( f v )  . 
TEM of sec t ioned m a t e r i a l .  

median s e c t i o n  of c e l l ,  X 6 , 5 0 0  , showing 
f e a t u r e s  i n d i c a t e d  i n  F ig .  219 and, i n  
addi t ion ,  s c a l e  v e s i c l e s  wi th in  cytoplasm 
(arrows) .  

2 2 4 :  s e r i a l  s e c t i o n s  through s c a l e  v e s i c l e  
( S V )  conta in ing  s c a l e  ( S ) ,  a f t e r  f u s i o n  
with plasmalemma (pm), X 15,000. 

two s c a l e  v e s i c l e s  w i t h i n  cytoplasm, 
X 20,000; each s c a l e  v e s i c l e  ( s v )  
associat.ed w i t h  an ER c i s t e r n a  ( e r ) .  
Arrows show smal l  v e s i c l e s ,  poss ib ly  fus ing  
with s c a l e  v e s i c l e .  

ad jacent  s e r i a l  s e c t i o n  t o  Fig.  225, 
x  20,000, showing l i m i t s  of s c a l e  v e s i c l e s  
more c l e a r l y .  

d e t a i l  of membranes i n  v i c i n i t y  of 
s c a l e  v e s i c l e ,  X 100,000; sv = s c a l e  
v e s i c l e ,  e r  = ER c i s t e r n a .  

explanatory diagram showing i d e n t i t y  of 
membranes v i s i b l e  i n  Fig.  2 2 7 .  

pe r iphera l  r e g i o n  of c e l l ,  X 20,000, 
showing c o n t r a c t i l e  vacuole ( C V )  and 
plasmalemma (pm) . 
v e s i c l e s  w i t h i n  cytoplasm, X 40,000, 
containing mastigonemes ( m )  i n  obl ique  
and t r ansverse  s e c t i o n .  





v e s i c l e s  i n  t h e  cytoplasm b u t  t h e i r  s e c t i o n s  g i v e  no 

i n d i c a t i o n  of how such s c a l e s  and v e s i c l e s  form. Ear ly  

s t a g e s  i n  scale-formation are inc luded i n  Fig .  220 and 

s i m i l a r  s t a g e s  a r e  shown a t  h igher  magn i f i ca t ion  i n  F i g s  225 

and 226. Fig.  225 shows t h e  b a s a l  p a r t  of a  minera l i sed  

s c a l e  w i t h i n  a  c l o s e l y  adpressed v e s i c l e  which cont inues  

upwards f o r  a  s h o r t  d i s t a n c e  beyond t h e  s c a l e  margin on 

e i t h e r  s i d e .  Immediately beneath t h e  sca le-conta in ing  

p o r t i o n  of t h i s  v e s i c l e  l ies a d i l a t e d  ER cisterns, t h e  

upper membrane of which c l o s e l y  fo l lows  t h e  contour  of t h e  

lower edge of t h e  s c a l e  v e s i c l e .  The arrangement of 

membranes i n  t h i s  a r e a  i s  shown more c l e a r l y  i n  an  ad jacen t  

s e r i a l  s e c t i o n  (Fig .  226) and i n  a  more h i g h l y  magnified 

d e t a i l  (Fig.  227).  Fig.  228 i s  a diagrammatic i n t e r -  

p r e t a t i o n  of t h e  membrane p r o f i l e s  seen  i n  t h e  l a t t e r  

micrograph; t h e  s c a l e  i s  r e p r e s e n t e d  by a  t h i n l y  minera l i sed  

l a y e r  w i t h i n  t h e  s c a l e  v e s i c l e .  The o r i g i n  of t h e  s c a l e  

m a t e r i a l  has  n o t  been e s t a b l i s h e d  b u t  p o s s i b l e  f u s i o n  of 

smal l  g l o b u l a r  v 'es icles  wi th  t h e  s c a l e  v e s i c l e  may be seen 

i n  Fig.  2 2 5  (a r rows) .  

The occurrence of ER c i s t e r n a e  d i r e c t l y  beneath s c a l e  

v e s i c l e s  has  now a l s o  been shown by Lee, (1978) f o r  

P. v e s t i t a  and i n  c e r t a i n  of h i s  micrographs (e .g .  h i s  - 
F i g s  5, 6 )  t h e  s c a l e  v e s i c l e  i s  d i l a t e d  i n  t h e  r eg ion  above 

t h e  s c a l e .  This  cond i t ion  p o s s i b l y  r e p r e s e n t s  a  l a t e r  s t a g e  

i n  scale-formation than t h a t  shown i n  F igs  225/226, p r i o r  

t o  r e t r a c t i o n  of t h e  upper ER membrane (shown by Lee t o  

p a s s  up i n s i d e  t h e  hollow s p i n e )  and s e p a r a t i o n  of t h e  

s c a l e  v e s i c l e  f o r  t r a n s p o r t  t o  t h e  c e l l  su r face .  A 

s i m i l a r  process  i s  apparent  i n  Synura p e t e r s e n i i  ( s e e  p. 9 8 ) .  

The s t r u c t u r e  of most of t h e  c e l l  components h a s  

been descr ibed  by Manton & Leedale  ( 1 9 6 1 )  b u t  two f e a t u r e s  

seen i n  t h e  p r e s e n t  s e c t i o n s  and n o t  desc r ibed  i n  t h a t  

s tudy a r e  t h e  c o n t r a c t i l e  vacuole  (Fig.  2 2 9 )  and small  

v e s i c l e s  conta in ing  mastigonemes (Fig.  230) . The l a t t e r  
1 

have now a l s o  been repor ted  by Lee (1978).  The reg ion  

between t h e  c o n t r a c t i l e  vacuole  and t h e  plasmalemma i s  

occupied by elongated " a l v e o l a t e  v e s i c l e s "  whose s t r u c t u r e  

i s  of t y p i c a l  chrysophycean type  (Wessel & Robinson, 1979) 

i n  c o n t r a s t  t o  t h e  more s p h e r i c a l  v e s i c l e s  a s s o c i a t e d  



w i t h  t h e  c o n t r a c t i l e  vacuole i n  some o t h e r  a l g a l  groups. 

The mastigonemes (even tua l ly  t r a n s p o r t e d  t o  t h e  long 

flagellum: c f .  Fig.  182) a r e  10 - 1 2  nm i n  d iameter  and 

a r e  s i m i l a r  i n  appearance t o  those  desc r ibed  by Leedale 

e t  a l .  (1970) i n  o t h e r  s p e c i e s  of Chrysophyceae and -- 
Xanthophyceae. From L e e  (1978) it i s  c l e a r  t h a t  t h e s e  

mastigoneme-containing v e s i c l e s  o r i g i n a t e  i n  t h e  Golgi 

body. 

The f l a g e l l a  of P. v e s t i t a  were seen  i n  some s e c t i o n s  - 
by Manton Leedale  ( 1 9 6 1 )  b u t  t h e i r  d e t a i l e d  s t r u c t u r e  

was n o t  i n v e s t i g a t e d .  S ince  t h e  "he terokont"  f l a g e l l a  

of t h i s  spec ies  are one of t h e  main reasons  f o r  i t s  

c l a s s i f i c a t i o n  i n  t h e  Chrysophyceae it w a s  considered 

d e s i r a b l e  t o  examine t h e  t r a n s i t i o n  reg ion  f o r  t y p i c a l  

chrysophyte f e a t u r e s ,  i n  p a r t i c u l a r  t h e  " t r a n s i t i o n a l  h e l i x "  

(Hibberd, 1976) which Hibberd (unpubl.,  i n  Hibberd, 1979) 

has r epor ted  as p r e s e n t  i n  Paraphysomonas banda iens i s . ,  

I t  i s  p o s s i b l e  t o  view Paraphysomonas as r e p r e s e n t i n g  a 

reduced c o n d i t i o n  from a b a s i c  Ochromonas t y p e  (Hibberd, 

1976); according t o  t h i s  i n t e r p r e t a t i o n  a s p e c i e s  such 

a s  P. v e s t i t a  would have l o s t  i t s  c h l o r o p l a s t  and eyespot - 
and probably a l s o  t h e  a s s o c i a t e d  swel l ing  on t h e  s h o r t  

f lagel lum ( c f .  Synura p e t e r s e n i i ,  F i g s  243/244, which lacks  

an eyespot  b u t  r e t a i n s  t h e  f l a g e l l a r  s w e l l i n g ) .  

No f l a g e l l a r  swe l l ing  .is v i s i b l e  i n  whole mounts 

(e.g. Fig. 182) o r  i n  s e c t i o n  and it i s  t h e r e f o r e  presumed 

t o  be absent .  Th i s  c o n d i t i o n  does n o t  a l low t h e  long and 

t h e  s h o r t  f l age l lum t o  be d f s t ingu i shed  i n  s e c t i o n  

(cf. Synura, F i g s  243/244). A g lancing  s e c t i o n  of t h e  

a n t e r i o r  of t h e  c e l l  i s  shown i n  F ig .  231 and inc ludes  

sec t ions  of t h e  two f l a g e l l a  wi th in  t h e  s c a l e  case .  

A d e t a i l  of t h i s  s e c t i o n  i s  shown i n  Fig.  232 and t h e  

f lagel lum des igna ted  f l  may be seen t o  d i s p l a y  t h e  9+2 

sub-s t ruc ture  t y p i c a l  of t h e  f r e e  p a r t  of t h e  flagellurn,  

while i n  f lagel lurn f 2  a  t r a n s i t i o n a l  h e l i x  i s  apparent  

(arrow) forming a  r i n g  around t h e  c e n t r a l  t u b u l e  p a i r  of 

t h e  axonerne. Fig.  233  shows a  s e c t i o n  s l i g h t l y  below t h i s  

l e v e l ;  i n  f lagel lurn f 2  t h e  c e n t r a l  pair a r e  no longer  

v i s i b l e  and t h e  o u t e r  n i n e  doub le t s  a r e  surrounded by 

a d d i t i o n a l  r a d i a t i n g  f i b r e s  c h a r a c t e r i s t i c  of t h e  " t r a n s v e r s e  



F I G S  231 - 238 

Fig .  231: 

Fig.  232: 

F ig .  233: 

Fig.  2 3 4 :  

Fig.  235: 

Fig.  236: 

F ig .  237: 

F ig .  238: 

Paraphysomonas v e s t i t a ,  11; TEM of 
sect ioned - m a t e r i a l .  

t r ansver se  s e c t i o n  near c e l l  apex,  
X 6,000, showing two f  l a g e l l a  ( f  l ,  f  ) 
i n s i d e  s c a l e  c a s e  a t  t h i s  l e v e l .  

d e t a i l  of f l a g e l l a  from Fig.  231, 
X 20,000, showing t r a n s i t i o n a l  h e l i x  
(arrow) w i t h i n  axoneme of f l age l lum f  2 .  

d e t a i l  of f l a g e l l a  a t  a  lower l e v e l ,  
X 20,000, showing t r a n s v e r s e  p a r t i t i o n  
i n  f lage l lum f 2 .  

d e t a i l  of f  l a g e l l a  a t  a  lower l e v e l ,  
X 20,000, - showing f f  l a g e l l a r  base  ( f  2b)  , 2 t r a n s i t i o n a l  h e l i x  I n  f lage l lum f l  and 
a d d i t i o n a l  b a s a l  body (arrow) . 
s e c t i o n  of food vacuole ( £ v ) ,  X 10,000, 
conta in ing  inges ted  s c a l e s  is) and empty 
c y s t  (cy)  - 
s e c t i o n  of another  inges ted  c y s t  ( cy )  , 
X 10,000, r e t a i n i n g  con ten t s  i n t a c t .  

d e t a i l  of c y s t  shown kn Fig.  236, X 

20,000, showing i n t e r n a l  o rgane l l e s :  
nucleus ( n )  , Golgi body ( g )  , mitochondrion 
and f l a g e l l a r  bases  ( f b ) .  Arrow 
i n d i c a t e s  c o n t i n u i t y  between n u c l e a r  . 
membrane and c h l o r o p l a s t  ER. 

edge of another  c e l l  w i th in  Paraphysomonas 
cytoplasm, X 20,000, d i sp lay ing  m u l t i p l e  
l a y e r  of s c a l e s  ( S ) .  Arrows i n d i c a t e  
boundary of Paraphysomonas cytoplasm 
(lower p a r t  of F igure)  . 





p a r t i t i o n "  (Hibberd, 1 9 7 6 ) .  By t h e  l e v e l  of Fig.  234 

t h e  b a s a l  body of f l age l lum f 2  appears  i n  t r a n s v e r s e  s e c t i o n  

while  f lage l lum f  now d i s p l a y s  a  t r a n s i t i o n a l  h e l i x .  1 
A s e p a r a t e  b a s a l  body v i s i b l e  i n  Fig.  234 (arrow) cannot 

be connected t o  f lage l lum f l  o r  f 2  and would appear t o  

r e p r e s e n t  t h e  r e s u l t  of d u p l i c a t i o n  of t h e  f 2  f l a g e l l a r  

base p r i o r  t o  c e l l  d i v i s i o n .  

The f i n a l  observa t ions  on' Paraphysomon'as presented  

he re  concern extraneous ob j e c t s  found with,in some c e l l s  

i n  t h i  S populat ion.  ' Par'aphy~s'oi-nonas i:s a  phagotroph and 

food vacuoles  a r e  kyp ica l ly  p r e s e n t ;  t h e s e  may c o n t a i n  

undigested food organisms i n  a d d i t i o n  t o  t h e  minera l  p a r t s  

of p rev ious ly  inges ted  o b j e c t s  and numbers of  Paraphysomonas 

s c a l e s  which a r e  presumably engulfed a c c i d e n t a l l y  (F igs  220,  

235).  Fig.  235 shows a minera l i sed  c y s t ,  from which t h e  

c o n t e n t s  have been removed, w i t h i n  a  food vacuole;  another  

c y s t  wi th  i t s  c o n t e n t s  i n t a c t  i s  shown i n  Fig.  236 (and 

d e t a i l ,  Fig.  237).  From t h e  a r r a y  of cytoplasmic f e a t u r e s  

t h a t  t h i s  d i s p l a y s  ( c h l o r o p l a s t  and nucleus w i t h  a s s o c i a t e d  

ER c o n t i n u i t y ;  Golgi body a s s o c i a t e d  with t h e  nucleus;  

mitochondrion and f l a g e l l a r  bases )  t h e  inges ted  organism 

would appear t o  be an encys ted  pigmented f l a g e l l a t e  a l g a  

which i s  n o t  forming s c a l e s  and which i s  a  member of t h e  

"heterokont"  groups (v iz .  Chrysophyceae, xanthophyceae o r  

Bac i l l a r iophyceae ) .  The most l i k e l y  i d e n t i t y  would 

t h e r e f o r e  be an Ochromonas o r  Dinobryon spec ies ,  p o s s i b l y  

Dinobryon divergens which w a s  noted i n  t h e  plankton dur ing  

t h e  preceding weeks ( s e e  p. 4 7 )  . Cysts  of Ochromonas 

tubercu la tus ,  i n v e s t i g a t e d  by Hibberd ( 1 9 7 7 )  , show a 

g e n e r a l  s i m i l a r i t y  t o  t h e  o b j e c t  shown i n  F i g s  236 - 237. 

Fig.  238 shows t h e  edge of a  c e l l  of a  d i f f e r e n t  kind 

wi th in  t h e  cytoplasm of a  P. v e s t i t a  c e l l ;  un fo r tuna te ly ,  - 
no more micrographs of t h i s  o b j e c t  a r e  a v a i l a b l e  s i n c e  t h e  

p repara t ion  was l o s t  before  it could be re-examined. 

The " i n c l u s i o n "  c e l l  bea r s  t h i n  unmineral ised s c a l e s ,  

each wi th  d e l i c a t e  r ibbed markings,  arranged i n  s e v e r a l  l a y e r s  

which s t r o n g l y  sugges ts  t h a t  it i s  a  prymnesiophyte s i m i l a r  

t o  Chrysochromulina ( c f .  Manton, 1 9 6 7 b :  F igs  2 ,  5 ) .  It 

would t h e r e f o r e  appear t h a t  t h i s  Paraphysomonas c e l l  has  

inges ted  a  previous ly  undetected prymnesiophyte from t h e  
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~ a w l e y  Dene plankton.  A more remote p o s s i b i l i t y  i s  t h a t  

t h e  prymnesiophyte c e l l  could be l i v i n g  symbio t i ca l ly  

wi th in  t h e  Paraphysomonas cytoplasm i n  a  manner s i m i l a r  

t o  t h a t  desc r ibed  by Febvre & Febvre-Chevalier (1979) 

f o r  t h e  zooxanthe l lae  of c e r t a i n  protozoans,  which a l s o  

appear t o  be c e l l s  of a  Chrysochromulina t y p e ,  

(b)  Synura p e t e r s e n n i i  (Chrysophyceae) 

Sca les  of S. p e t e r s e n i i  were found on s e v e r a l  occas ions  - 
i n  Sawley Dene dur ing  s p r i n g  1 9 7 7  and 1978 (weeks 7b, 9c 

and 14c) . I n  view of t h e  observat ions  on Paraphysomonas 

a l ready obta ined  (p.  89 ) ,  it was decided t h a t  s e c t i o n s  

of Synura would be d e s i r a b l e  so  t h a t  t h e  u l t r a s t r u c t u r e  of 

a  pigmented and a  c o l o u r l e s s  chrysophycean f l a g e l l a t e  

could be compared. Whole c e l l s  of - S. p e t e r s e n i i  were 

seen i n  Sawley Dene i n  only  one c o l l e c t i o n  (Sob) ,  i n  

q u a n t i t i e s  t o o  smal l  f o r  success fu l  EM f i x a t i o n ,  b u t  s i n c e  

t h i s  s p e c i e s  was more abundant a t  some of t h e  o t h e r  sites 

v i s i t e d  i n  s p r i n g  1978 ( s e e  p. 73) f i x a t i o n s  were made of 

m a t e r i a l  from t h e s e  c o l l e c t i o n s  a l s o .  The sample from 

Stanks Pond (Fig.  101, Table 6 )  y i e lded  a number of Synura 

co lon ies  and it was on t h i s  m a t e r i a l  t h a t  t h e  fol lowing 

observat ions  were made. 

The s t r u c t u r e  of S .  p e t e r s e n i i  h a s  been i n v e s t i g a t e d  

previous ly  and some of i t s  f e a t u r e s  are w e l l  understood. 

Manton (1955) examined c u l t u r e d  m a t e r i a l  a t t r i b u t e d  t o  

Synura c a r o l i n i a n a  Whitford (now considered t o  be c o n s p e c i f i c  

with - S. p e t e r s e n i i ) ,  i l l u s t r a t i n g  body s c a l e s  and f l a g e l l a  

from whole mounts and c e r t a i n  f e a t u r e s  of t h e  c e l l  s t r u c t u r e ,  

al though much of t h e  i n t r a c e l l u l a r  d e t a i l  w a s  l o s t  on 

f i x a t i o n .  Schnepf and Deichgraber ( 1 9 6 9 )  , i n  a  d e t a i l e d  

study of - S. p e t e r s e n i i ,  c l a r i f i e d  many p o i n t s  inc luding  t h e  

o rgan i sa t ion  of t h e  p r i n c i p a l  c e l l  components, t h e  f i n e  

s t r u c t u r e  of t h e  f l a g e l l a r  appendages and t h e  f i r s t  d e t a i l s  

of s c a l e  formation.  They showed t h a t  t h e  l a r g e  body 

s c a l e s  w e r e  formed i n  v e s i c l e s  a s s o c i a t e d  w i t h  t h e  c h l o r o p l a s t  

ER, a  s i t e  which has  s i n c e  been found t o  be normal f o r  

pigmented chrysophytes  ( s e e  below),  i n  c o n t r a s t  t o  t h e  formation 

of s c a l e s  i n  v e s i c l e s  of t h e  ~ o l g i  appara tus  a s  i s  found 

i n  t h e  prymnesiophytes ( s e e  Manton, 1 9 6 6 ,  and o t h e r  p a p e r s ) .  

Hibberd (1973) examined t h e  t i n y  f l a g e l l a r  s c a l e s  of v a r i o u s  

spec ies  of Synura and included one micrograph showing 



a  p o s s i b l e  f l a g e l l a r  s c a l e  r e s e r v o i r  i n  t h e  a n t e r i o r  of a  

c e l l  of S. pe ' t e r sen i i .  H e  has  s i n c e  worked on' Synura' 'spha'gnicola - 
(Hibberd, 1978) ,  a '  s p e c i e s  which shows s e v e r a l  p o i n t s  of 

d i f f e r e n c e  from S. p e t e r s e n i i .  

The p r e s e n t  account d e a l s  only  b r i e f l y  w i t h  u l t r a s t r u c t u r a l  

f e a t u r e s  which conform t o  p rev ious  d e s c r i p t i o n s ,  concent ra t ing  

on a r e a s  where new obse rva t ions  have been made. These 

inc lude  a  d e s c r i p t i o n  of t h e  c e n t r a l  region of t h e  colony, 

where t h e  " t a i l "  p o r t i o n s  o f , t h e  c e l l s  converge, and an 

account of t h e  l a t e r  s t a g e s  of scale-formation.  

Colonies  of - S. p e t e r s e n i i  c o n s i s t  of upwards of 1 6  

b i f l a g e l l a t e ,  golden-brown c e l l s  joined by p o s t e r i o r  

cytoplasmic " t a i l s "  (F ig .  239) .  Each c e l l  i s  covered wi th  

s i l i c i f i e d  body-scales ( s e e  p. 72 and Figs  162 - 1 6 4 )  

and a  ve ry  uniform l a y o u t  o f  i n t e r n a l  o r g a n e l l e s  i s  v i s i b l e  

i n  both l i g h t -  and e l e c t r o n -  microscopes ( F i g s  240 - 2 4 2 ) .  

Two c h l o r o p l a s t s  a r e  l o c a t e d  along p a r a l l e l  s i d e s  of t h e  c e l l  

and between them may be seen  an approximately c e n t r a l  

nucleus and a l a r g e ,  s l i g h t l y  p o s t e r i o r  vacuole  which 

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

s t o r a g e  m a t e r i a l ,  l eucos in  or chrysolaminarin ( s e e  Hibberd, 

1976) .  C e l l  components v i s i b l e  only with t h e  e l e c t r o n  

microscope inc lude  a  s i n g l e  a n t e r i o r  Golgi body assoc ia ted  

wi th  one f a c e  of t h e  nucleus ,  mitochondria d i spe r sed  

through t h e  cytoplasm and s c a l e  v e s i c l e s  a s s o c i a t e d  wi th  t h e  

o u t e r  margins of t h e  c h l o r o p l a s t s  (F igs  241 ,  2 4 2 ) .  The 

two subequal f l a g e l l a  (see Fig .  162) ,  i n s e r t e d  a t  t h e  

a n t e r i o r  of t h e  c e l l ,  show s tandard  "chrysophyte" f e a t u r e s  

( c f .  Hibberd, 1 9 7 6 )  i n c l u d i n g  a  9  + 2 p a t t e r n  of microtubular  

f i b r i l s ,  a  dense s t r u c t u r e l e s s  swel l ing  near t h e  base of 

one f l age l lum and an  a s s o c i a t i o n  between t h e  f l a g e l l a r  

bases  and t h e  a n t e r i o r  end of t h e  nucleus ( F i g s  2 4 3 ,  244).  

I n  some c e l l s  t h e  f l a g e l l a  a r e  c l e a r l y  i n s e r t e d  i n  an 

a p i c a l  depress ion  (Fig.  245) . 
The three-dimensional form of t h e  c e n t r a l  reg ion  of 

t h e  colony may be v i s u a l i s e d  by examining t h e  sequence of 

micrographs i n  F i g s  2 4 6  - 248. F igure  2 4 6  r e p r e s e n t s  a  

p lane  of s e c t i o n  some d i s t a n c e  above t h e  c e n t r e .  Oblique 

l o n g i t u d i n a l  s e c t i o n s  of e i g h t  c e l l s  a r e  v i s i b l e  around t h e  

edge of t h e  f i e l d  of view; t h e s e  a r e  t h e  c e l l s  which a r e  



FIGS 239 - 245 Synura p e t e r s e n i i ,  I .  

F i g s  239 - 240 

F i g .  239: 

F ig .  240: 

F i g s  2 4 1  - 2 4 4  

F i g .  2 4 1 :  

F i g .  242: 

F i g .  243: 

F ig .  244: 

F ig .  245: 

LM of l i v i n g  colony viewed w i t h  a n o p t r a l  
c o n t r a s t .  

whole colony,  X 500; f l a g e l l a  n o t  v i s i b l e .  

p o r t i o n  of f l a t t e n e d  co lony ,  X 1,000; 
n o t e  s c a l e s  ( S ) ,  p o s i t i o n  of c h l o r o p l a s t s  
( C )  and l e u c o s i n  vacuo le  ( l ) .  

TEM of s e c t i o n e d  m a t e r i a l .  

median s e c t i o n  th rough  co lony ,  X 2,000. 

s i n g l e  c e l l  i n  L.S.,  X 5,000,  showing 
s c a l e s  ( S ) ,  c h l o r o p l a s t s  ( c ) ,  nuc leus  
( n )  wi th  nuc l eo lus ,  l e u c o s i n  vacuo le  (1) 
and s c a l e  v e s i c l e s  e x t e r n a l  t o  t h e  
c h l o r o p l a s t  (arrow) . 
L.S. showing a n t e r i o r  end of c e l l ,  X 

18,000; n o t e  p o s i t i o n  of  f l a g e l l a r  
i n s e r t i o n  r e l a t i v e  t o  nuc l eus  ( n )  
and Golgi  body ( g )  . SW = f l a g e l l a r  
swel l ing ;  f  b  = b a s e  of f l a g e l l u m  f 2 .  2 - 

T.S. a c r o s s  a n t e r i o r  end of c e l l ,  X 

15,000 ( c f .  F ig .  243) ,  showing two 
f l a g e l l a  ( f  l, f  ) w i t h i n  a d e p r e s s i o n  
of t h e  c e l l  surgace .  F l a g e l l a r  swe l l i ng  
( S W )  v i s i b l e  on f l a g e l l u m  f 2 .  

T . S .  showing a  l e v e l  below t h a t  of 
F i g .  2 4 4 ,  X 15,000,  showing e x t e n t  of . . 
invaginat i .on i n t o  c e l l  around t h e  two 
f l a g e l l a .  pm = plasmalemma. 





seen i n  t r u e  L . S .  i n  F ig .  248. Transverse  s e c t i o n s  through 

t h e  " t a i l s "  of four  c e l l s  which l i e  beyond t h e  p lane  of 

s e c t i o n  appear i n  t h e  c e n t r e  of t h e  micrograph. Each 

" t a i l "  i s  completely surrounded by s c a l e s ,  a l though t h e r e  

i s  no i n d i c a t i o n  of how t h e s e  mainta in  t h e i r  p o s i t i o n  

s i n c e  t h e y  appear t o  be  some d i s t a n c e  from t h e  cytoplasm i n  

each case .  

F igure  247 shows a  s e c t i o n  taken n e a r e r  t o  t h e  c e n t r e  

of t h e  colony. The " t a i l s " ,  wh i l e  s t i l l  d i s t i n c t ,  a r e  

packed more c l o s e l y  i n t o  t h e  c e n t r a l  r eg ion ,  b u t  it i s  

c l e a r  t h a t  even a t  t h i s  s t a g e  each " t a i l "  s t i l l  possesses  

i t s  own s c a l e  case ,  a l though /in some i n s t a n c e s  t h e  s c a l e s  

from a d j a c e n t  c e l l s  may be more c l o s e l y  a s s o c i a t e d  wi th  

each o t h e r  than  t h e  s c a l e s  of any one c e l l  w i t h  i t s  own 

plasmalemma. 
I 

The exac t  c e n t r e  of t h e  colony i s  shown i n  Fig.  248, where 

p a r t s  of some 1 6  c e l l s  must be  ad jo in ing  a l though it i s  n o t  

p o s s i b l e  t o  d i s t i n g u i s h  a l l  of t h e s e .  The u l t i m a t e  t i p s  

a r e  devoid of s c a l e s ,  enabl ing  t h e  plasmalemma of each 

c e l l  t o  be  i n  c l o s e  c o n t a c t  w i t h  t h a t  of o t h e r s ,  a l though 

a c t u a l  f u s i o n  of membranes does n o t  occur.  The i n t e g r i t y  

of t h e  colony i s  apparen t ly  maintained by t h e  complex 

i n t e r d i g i t a t i o n  of p a r t s  of a l l  t h e  c e l l s ,  t h e r e  being no 

evidence f o r  an e x t r a c e l l u l a r  adhes ive  substance of tEe 

type  suggested by Hibberd (1978) a s  p o s s i b l y  p r e s e n t  i n  

c o l o n i e s  of Synura sphaqnicola .  

A s i n g l e  " t a i l "  i n  l o n g i t u d i n a l  s e c t i o n  (Fig.  249) 

appears  t o  c o n s i s t  of u n s p e c i a l i s e d  cytoplasm, wi th  normal 

i n c l u s i o n s  such a s  mitochondria  v i s i b l e .  However, t h e  

c h l o r o p l a s t s  and t h e i r  a s s o c i a t e d  ER do n o t  extend i n t o  

t h e  " t a i l "  r eg ion  and so ,  s i n c e  t h e s e  a r e  t h e  s i t e s  of 

s c a l e  formation ( s e e  below),  some process  of t r a n s p o r t  of  

s c a l e s  t o  t h e  o u t s i d e  of t h e  " t a i l "  must be  envisaged. 

Longi tudina l  s e c t i o n s  of c e l l s  (e.g. Fig.  2 4 2 )  

t y p i c a l l y  inc lude  p r o f i l e s  of s e v e r a l  scale-forming v e s i c l e s  

a long t h e  o u t e r  margins of t h e  c h l o r o p l a s t s  (a r row);  

o t h e r  v e s i c l e s  conta in ing  mature s c a l e s  occur between t h e  

c h l o r o p l a s t s  and t h e  plasmalemma. A scheme f o r  s c a l e  

formation was presented i n  Schnepf & Deichgraber (1969: 

F ig .  4 0 )  , r ep resen t ing  v e s i c l e  development a s  seen i n  T. S.  i 



' FIGS 246 - 253 Synura p e t e r s e n i i ,  111; TEM of  s e c t i o n e d  
m a t e r i a l .  

F i g s  2 4 6  - 248 S e c t i o n s  i n  p a r a l l e l  p l anes  approaching  
c e n t r e  of  colony;  no t e  " t a i l "  r e g i o n s  
of ce l l s  and s u r f a c e  s c a l e s .  

S Fig.  246: X 3,000.  

Fig. 2 4 7 :  X 5 ,000.  

Fig.  248: X 8 ,000,  showing i n t e r d i g i t a t i o n  
of  membranes from s e p a r a t e  ce l l s .  

Fig .  2 4 9 :  d e t a i l  of  " t a i l "  r eg ion  of one c e l l ,  
X 16,000,  w i t h  p a r t  of t h e  c e n t r e  of 
t h e  co lony .  

F i g s  250 - 253 S t a g e s  i n  s c a l e  format ion,  i - v i ;  
s e e  t e x t  and Fig .  254 f o r ' f u r t h e r  d e t a i l s ,  

Fig.  250: a n  e a r l y  s t a g e  i n  s c a l e  fo rma t ion ,  
X 12,000; s c a l e  v e s i c l e  ( s v )  o v e r l i e s  
c h l o r o p l a s t  ER ( c e r )  around c h l o r o p l a s t  ( c )  . 

Fig. 251: f u r t h e r  e a r l y  s t a g e s  i n  s c a l e  fo rma t ion ,  
X 12,000.  

Fig.  252: l a t e r  s t a g e s  i n  s c a l e  fo rma t ion ,  
X 12,000.  

Fig.  253: d e t a i l  of  l a s t  s t a g e s  i n  s c a l e  fo rma t ion  
and mature  s c a l e s  o u t s i d e  c e l l ,  X 18,000; 
pm = plasmalemma. 





t h e i r  micrographs show t h e  o u t e r  of t h e  two c h l o r o p l a s t  

ER membranes becoming convoluted and a c t i n g  as a templa te  

f o r  shaping t h e  unders ide  of t h e  s c a l e  v e s i c l e .  However, 

i n  t h e  micrographs presented  here  t h e  a reas  w i t h i n  and 

beneath t h e  maturing s c a l e  v e s i c l e s  appear t o  be f i l l e d  w i t h  

cytoplasm (F igs  252, 253) and so  it i s  suggested t h a t  t h e  

phase of d i r e c t  c h l o r o p l a s t  ER involvement observed by 

Schnepf & Deichgraber does n o t  p e r s i s t  through t h e  whole 

process  of s c a l e  formation.  

These l a t e r  s t a g e s  a r e  seen i n  F igs  252 and 253 

and t h e  process  i s  shown diagrammatically i n  Fig.  254; some 

e a r l y  s t a g e s  ( s t a g e s  i - iii, F i g s  250, 251) a r e  a l s o  included - 
b u t  they do n o t  show t h e  f e a t u r e s  observed by  Schnepf 

& Deichgraber, p o s s i b l y  because t h e  plane of s e c t i o n  does 

n o t  pass  through t h e  c e n t r a l ,  hollow p o r t i o n  of t h e  s c a l e  

o u t l i n e .  By s t a g e  i v  t h e  shape of t h e  s c a l e  v e s i c l e  - 
corresponds very  c l o s e l y  w i t h  t h a t  of a completed s c a l e ,  

al though i n  some areas a d d i t i o n a l  membraneous m a t e r i a l  i s  

p resen t  which may b e  of ER d e r i v a t i o n .  I n  both  L.S. 

(Fig.  252, i v )  and T.S. (Fig.  253, iva) t h e  v e s i c l e  a t  - - 
t h i s  s t a g e  i s  narrow and appears  t o  d e l i n e a t e  r eg ions  

where m i n e r a l i s a t i o n  w i l l  occur;  t h e  c e n t r a l  a r e a  w i t h i n  

t h e  s c a l e  p r o f i l e  i s  occupied by cytoplasm. A s  m i n e r a l i s a t i o n  

proceeds and t h e  s c a l e  i s  be ing  formed, t h i s  cytoplasmic 

f i l l i n g  r e t r a c t s  through an  upper gap and a lower pore  i n  

t h e  sca le ,  t h e  a c t u a l  n a t u r e  of which may be seen i n  d i r e c t  

electron-micrographs (e. g.  F ig .  1 6 4 )  . This  i s  represen ted  

by s t a g e  v of t h e  scheme. When t h i s  process  i s  complete - 
t h e  newly-formed s c a l e  w i l l  l i e  i n  an o therwise  "empty" 

v e s i c l e ,  which can r e l e a s e  i t s  con ten t s  t o  t h e  c e l l  

e x t e r i o r  by f u s i o n  of i t s  membrane wi th  t h e  plasmalemma. 

Mature s c a l e s  i n  s i t u  o u t s i d e  t h e  c e l l  a r e  shown i n  s t a g e  -- 
v i / v i a  -- (Fig.  253).  

The scheme suggested above t h u s  extends t h e  obse rva t ions  

of Schnepf & Deichgraber (1969) and al lows more of t h e  

e n t i r e  sequence t o  be  followed. Information i s  s t i l l  

lacking on some p o i n t s ,  however, notably t h e  e x t e n t  of 

c h l o r o p l a s t  E 3  involvement i n  "moulding" a l l  of t h e  s c a l e  

v e s i c l e ,  t h e  source  of m a t e r i a l  f o r  m i n e r a l i s a t i o n  of t h e  

s c a l e ,  and t h e  o r i g i n  of t h e  s c a l e  v e s i c l e  i t s e l f .  Some of 

t h e s e  a s p e c t s  w i l l  be  considered f u r t h e r  i n  t h e  General Discussion.  



Fig, 2540 Stages of scale developzsnt in Synura petersenii 
(see text for details). 
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( c )  Per  idinium cinctum (Dinophyceae) 

The p e r i o d i c i t y  of P. cinctum i n  Sawley Dene has been 

descr ibed  e a r l i e r  (p. 5 1 ) .  I t s  i n t e r e s t  from an u l t r a -  

s t r u c t u r a l  viewpoint l a y  i n  t h e  s a t i s f a c t o r y  p r e s e r v a t i o n  

of many of t h e  c e l l  components i n  t h e  f i x e d  m a t e r i a l ,  

i nc lud ing  such d e t a i l s  a s  f l a g e l l a  -- i n  s i t u  which a r e  e a s i l y  

l o s t  on f i x a t i o n  ( J . D .  Dodge, pe r s .  comm.). T h e m a t e r i a l  
/ 

used f o r  t h e  p r e s e n t  s tudy was c o l l e c t e d  from Sawley Dene 

i n  June 1977 (24b) and f i x e d  w i t h i n  1 h of c o l l e c t i o n ;  

c e l l s  of Peridinium could be recognised  i n  t h e  EM blocks 

under t h e  l i g h t  microscope and s e l e c t e d  i n d i v i d u a l l y  f o r  

sec t ion ing .  L igh t  microscopy of f r e s h  and iodine-f  ixed 

m a t e r i a l  allowed t h e  organism t o  be  i d e n t i f i e d  on t h e  b a s i s  

of spreads  of i t s  t h e c a l  p l a t e s  ( F i g s  255 - 258, 259);  

t h e  complement 4 ' , 3a, 7",  5"' and 2 " " ,  t o g e t h e r  'with t h e  s i z e  

and shape of c e r t a i n  p l a t e s  (e.g. p l a t e s  1' and 3 ' )  a r e  

t y p i c a l  of - P. cinctum ( c f .  S c h i l l e r ,  1937; Boltovskoy, 1975)-  

A number of workers have s t u d i e d  t h e  t h e c a l  p l a t e s  and 

t h e  g e n e r a l  u l t r a s t r u c t u r e  of - P. cinctum. Ear ly  EM 

obse rva t ions  of t h e  theca were made by Venkataraman & 

Mehta (1960) and more d e t a i l s  from s e c t i o n s  and whole 

mounts were added by Dodge & Crawford (1970a).  The 

appearance of t h e  c e l l  e x t e r i o r  i n  t h e  SEM h a s  been 

i l l u s t r a t e d  by Dodge (1971, and i n  Round, 1973) and 

Boltovskoy (1975) has  used L M  and SEM a s  t h e  b a s i s  f o r  

a  complete r e d e s c r i p t i o n  of t h e  t h e c a l  complement inc luding  

t h e  p l a t e s  i n  t h e  previous ly  l i t t le -known s u l c a l  reg ion .  

Berdach (1977) showed a d d i t i o n a l  SEM p i c t u r e s  which included 

views of t h e  t r a n s v e r s e  f l age l lum which apparen t ly  con t rad ic ted  

t h e  accepted  concept of t h e  o r g a n i s a t i o n  of t h i s  o r g a n e l l e  

( s e e  below). The u l t r a s t r u c t u r e  of Peridinium w e s t i i  

Lemmm., now considered t o  be a  form of .- P. cinctum ( s e e  

S c h i l l e r ,  1937) ,  has  been comprehensively desc r ibed  by 

Messer & Ben-Shaul ( 1 9 6 9 )  , who have subsequent ly s tud ied  

t h e  processes  of t r i c h o c y s t  development and c h l o r o p l a s t  

senescence (Messer .& Ben-Shaul, 1971, 1972) . The emphasis 

i n  t h e  p r e s e n t  account w i l l  t h e r e f o r e  be upon t h e  p r i n c i p a l  

new obse rva t ions  made, which concern t h e  appearance of t h e  

t r a n s v e r s e  f l age l lum wi th in  t h e  cingulum, p a r t i c u l a r l y  a s  

revealed  by s e r i a l  sec t ion ing .  



FIGS 

F i g s  

Fig.  255: 

F ig .  256: 

Fig.  257: 

F ig .  258: 

Fig.  259: 

Per idinium cinctum, I. ~ a b u l a t i o n  
of t h e c a l  p l a t e s .  

LM of  detached p l a t e s  from a  s i n g l e  c e l l ,  
viewed wi th  a n o p t r a l  c o n t r a s t ,  X 1,000; 
a d d i t i o n a l  f i l amentous  o b j e c t s  a r e  c e l l s  
of Anabaena s o l i t a r i a .  P l a t e s  a r e  
numbered i n  t h e  system of Kofoid, 
fo l lowing  Dickensheets & Cox (19711. 

p l a t e s  4"- -. 6 "  and p a r t s  of cingulum. 

p l a t e s  2 a  - 3a and p l a t e  3 ' .  

p l a t e s  3 111 - 4"' and p l a t e  2'"' . 
remainder of t h e  t h e c a l  complement 
inc lud ing  p l a t e s  of t h e  v e n t r a l  s u r f a c e .  

diagram showing f u l l  t h e c a l  complement 
a s  seen i n  F i g s  255 - 258, i d e n t i f i e d  
and set o u t  t o  show arrangement on c e l l  
s u r f  ace.  
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I n  t h e  l i g h t  microscope c e l l s  of - P. cinctum a r e  roughly 

c i r c u l a r  i n  f a c e  view (Fig.  260) and kidney-shaped i n  

a p i c a l  view (Fig.  2 6 1 ) ,  t h e  v e n t r a l  f a c e  appearing a s  a 

concave su r face .  The p o s t e r i o r  p o r t i o n  of t h e  v e n t r a l  

f a c e  i s  occupied by t h e  su lcus ,  a  depress ion  i n  which t h e  

l o n g i t u d i n a l  ( t r a i l i n g )  hlagel lum a r i s e s ;  a  second depress ion ,  

t h e  cingulum, runs' a t  r i g h t  ang les  t o  t h e  s u l c u s  around 

t h e  equator  of t h e  c e l l  (Fig. 2 6 0 )  and c o n t a i n s  t h e  t e t h e r e d  

t r a n s v e r s e  f lage l lum which b e a t s  w i t h i n  it. P o r t i o n s  of 

t h i s  f lagellurn,  d isp laced  from t h e  cingulum, are shown 

i n  F i g s  2 6 1  - 262. 

General  f e a t u r e s  of t h e  c e l l  i n  L.S. (i .e. sec t ioned  

p a r a l l e l  t o  t h e  v e n t r a l  f a c e )  a r e  shown i n  F ig .  263, 

where t h e  e x t e n t  of t h e  s u l c a l  depress ion  can be seen  a s  

can t h e  e q u a t o r i a l  p o s i t i o n  of t h e  cingulum. The 

d i s t r i b u t i o n  of t h e  p r i n c i p a l  o r g a n e l l e s ,  except ing  t h e  

nucleus,  i s  a l s o  shown; t h e  l a t t e r  occupies  a  p o s i t i o n  I 

nearer  t h e  c e n t r e  of t h e  c e l l  and i s  shown i n  Fig.  264 .  
l 

D e t a i l s  of c h a r a c t e r i s t i c  dinophycean o r g a n e l l e s  a r e  l 

i l l u s t r a t e d  i n  F i g s  265 - 267; t h e s e  i n c l u d e  c h l o r o p l a s t s  
l 

/ ' with i n d i v i d u a l  lamel lae  comprising 3 - 4 thy lako ids ,  I 

permanently condensed chromosomes i n  t h e  nucleus  and I 
! 

undischarged t r i c h o c y s t s  wi th in  t h e i r  s a c s ,  a l l  of which j 
have been desc r ibed  by o t h e r  workers (Messer & Ben-Shaul, l 

I 

1 9 6 9 )  and a r e  s i m i l a r  t o  those  of o t h e r  armoured d i n o f l a g e l l a t e s ,  , 

e.g. Ceratium h i r u n d i n e l l a  (Dodge & Crawford, 1970b).  1 

A s  mentioned above, t h e  p r i n c i p a l  f e a t u r e  of i n t e r e s t  
l 

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

flagellurn -- i n  s i t u .  'For  convenience, t h e  micrographs which 

fo l low have been o r i en ted  s o  t h a t  t h i s  f l age l lum appears  

t o  s t and  u p r i g h t  wi th in  t h e  cingulum, which may t h u s  be  

sa id  t o  have a  "base" and a  " top"  ( c f .  t h e  appearance of t h e  

cingulum i n  F i g s  263, 2 6 4 ) .  From i t s  appearance i n  t h e  

l i g h t  microscope (Fig.  2 6 2 )  it may be seen t h a t  t h e  

t r a n s v e r s e  f l age l lum i s  a  s p e c i a l i s e d  s t r u c t u r e  wi th  a t  

l e a s t  two components, a  convoluted axoneme and a  s t r a i g h t  

accessory  s t r a n d .  An e a r l y  d e s c r i p t i o n  of t h e  f lagel lum 

by Kofoid & Swezy ( 1 9 2 1 :  p. 11) i s  remarkably d e t a i l e d  

and a c c u r a t e  and i s  of s u f f i c i e n t  i n t e r e s t  t o  be quoted 

i n  f u l l :  



FIGS 260 - 264 Per id in ium cinctum, 11. 

F i g s  260 - 262 LM of i n t a c t  c e l l s  viewed w i t h  a n o p t r a l  
c o n t r a s t .  

F ig .  260 :  appearance  o f  c e l l  viewed from v e n t r a l  
s i d e ,  X 750; n o t e  cingulum ( c i )  and 
s u l c u s  ( s u ) .  

F ig .  2 6 1 :  a p i c a l  v iew of  c e l l ,  X 750 ,  showing p a r t  
of t r a n s v e r s e  f lage l lum ( t f )  d i s p l a c e d  
from cingulum. 

Fig .  262: d e t a i l  of  d i s p l a c e d  t r a n s v e r s e  f l a g e l l u m ,  
X 1 ,500 ,  showing s t r a i g h t  f  l a g e l l a r  
s t r a n d  I . s t )  and c o i l e d  axoneme ( a )  . * 

F i g s  263 - 264 TEM of s e c t i o n e d  m a t e r i a l .  

F ig .  263: g e n e r a l  v iew of c e l l  i n  L'.s., X 3,000,  
showing t h e c a l  p l a t e s  ( t p )  , cingulum 
( c i )  , s u l c u s  ( s u )  wi th  l o n g i t u d i n a l  
f l a g e l l a r  c a n a l  ( l f c )  and d i s t r i b u t i o n  
of o r g a n e l l e s  w i t h i n  cytoplasm. 

F ig .  264: p o r t i o n  of median L . S . ,  X 2,750, showing 
e longa ted  p r o f i l e  of nuc leus  ( n )  w i t h  
n u c l e o l u s  (no )  ; t r a n s v e r s e  f l age l lum 
( t f  ) v i s i b l e  w i t h i n  cingulum. 

* In  t h i s  f i g u r e  t h e  p o s i t i o n s  of t h e  a b b r e v i a t i o n s  "a" 
and " s t "  have been r e v e r s e d .  





FIGS 265 - 269 

Fig.  265:  

F ig .  266:,  

F ig .  267: 

F i g s  268 - 269 

F ig .  268: 

F ig .  269:. 

Per idinium cinctum, 111; TEM of 
s e c t i o n e d  m a t e r i a l .  

s i n g l e  c h l o r o p l a s t  ( c ) ,  X 20,000,  
d i s p l a y i n g  amorphous stroma and khylakoids  
( t h )  a r ranged  i n  l a m e l l a e .  

p a r t  of nuc l eus  ( n )  c o n t a i n i n g  chromosomes 
( ch )  , X 9,000; cytoplasm i n  lower p a r t  
of F igu re  c o n t a i n s  e longa ted  m i t o c h o n d r i a l  
p r o f i l e s  and numerous sma l l  vacuo le s .  

s e c t i o n  c l o s e  t o  edge of c e l l ,  X 45,000, 
showing t r i c h o c y s t s  ( t )  w i t h i n  t r i c h o c y s t  
s a c s ,  p a r t  of a c h l o r o p l a s t  ( c )  and 
f i b r o u s  bod ie s  of unknown n a t u r e .  

Rad ia l  s e c t i o n s  of t r a n s v e r s e  f lage l lu rn  
( t f )  w i t h i n  cingulum ( c i )  ; n o t e  absence 
of connec t ion  between f l a g e l l u m  and base  
of  cingulum. 

s e c t i o n  of f l a g e l l u m  showing t r i a n g u l a r  
p r o f i l e ,  X 10,000,  i n c l u d i n g  f l a g e l l a r  
s t r a n d  ( s t )  and axoneme. ( a )  w i t h i n  
f  l a g e l l a r  membrane. 

s e c t i o n  of f l a g e l l u m  showing extended 
p r o f i l e  surrounding axoneme (a) , X 10,000; 
v e s i c l e s  ( v )  v i s i b l e  w i t h i n  expanded 
p o r t i o n  of f l a g e l l a r  s h e a t h .  





"The t r a n s v e r s e  f l age l lum i t s e l f  c o n s i s t s  of a  deeply 
s t a i n i n g  th read  or  s t o u t  f i b r i l ,  bordered on one 
s i d e  by a  comparat ively wide, f i n l i k e  s h e e t  of 
t r a n s p a r e n t  protoplasm o r  membrane, somewhat g r e a t e r  
i n  l e n g t h  than  i t s e l f ,  'and thrown i n t o  r i p p l e s  o r  
f o l d s  of wider ampli tude than  t h e  f i b r i l .  This  i s  
. i n  cons tan t ,  wavelike motion from t h e  proximal end 
d i s t a l l y .  Reversa ls  i n  d i r e c t i o n  have occas iona l ly  
been noted." 

Leadbeater & Dodge (1967a, b )  s tudied  t h e  f l a g e l l a  of 

Woloszynskia micra i n  s e c t i o n  and a s  whole mounts i n  t h e  

TEM and concluded t h a t  t h e  axoneme followed a s p i r a l  

pa th  around t h e  accessory  s t r a n d ,  although an  a l t e r n a t i v e  

conclusion may a l s o  be  drawn f r o m  t h e i r  micrographs ( s e e  

below). Subsequently Taylor  (1975) showed t h a t  i n  SEM 

p repara t ions  of s e v e r a l  s p e c i e s  t h e  accessory s t r a n d  could 

be seen t o  be s e p a r a t e  from t h e  axoneme; Leblond & Taylor 

(1976) r e - i n t e r p r e t  t h e  micrographs of Leadbeater & Dodge 

( loc .  c i t . )  i n  accordance w i t h  t h i s  f inding .  - I n  t h e  

three-dimensional form proposed by Taylor ( 197 5) and 

subsequently supported by Leblond & Taylor (1976) and 

Herman & Sweeney (1977),  t h e  f lage l lum resembles a  r u f f l e ,  

t h e  ou te r  edge of which i s  de l imi ted  by t h e  axoneme fol lowing 

a  "hemi-helical" p a t h  back and f o r t h  above t h e  s t r and .  

Leblond & Taylor ( 1 9 7  6 ) examine t h e  poss ib le  locomotory 

e f f i c i e n c y  of such a s t r u c t u r e  wi th  r e s p e c t  t o  i t s  apparent  

manner of bea t ing ,  

Berdach (1977 ) i l l u s t r a t e d  f  l a g e l l a  of Peridinium 

cinctum w i t h  SEM and suggested t h a t  t h e  "hani -he l ica l"  

model was n o t  a p p l i c a b l e  i n  t h i s  spec ies  and t h a t  t h e  

axoneme was i n  f a c t  c o i l e d  l i k e  a  screw above t h e  accessory 

s t r and .  The p r e s e r v a t i o n  of t h e  t r ansverse  f l age l lum of 

P. cinctum i n  t h e  p r e s e n t  m a t e r i a l  o f fe red  t h e  oppor tuni ty  - 
t o  t e s t  Berdach 's  conclus ion  and t o  specu la te  on i t s  p o s s i b l e  

s i g n i f i c a n c e .  

Fig. 268 shows a  r a d i a l  s e c t i o n  i n  which t h e  f lage l lum . 

appears a s  a  t r i a n g u l a r  s t r u c t u r e  apparent ly  f r e e l y  

suspended w i t h i n  t h e  cingulurn. . The a rea  w i t h i n  t h e  

p r o f i l e  r e p r e s e n t s  t h e  expanded f l a g e l l a r  shea th ,  surrounded 

by a  s i n g l e  membrane, con ta in ing  t h e  dense accessory  

s t r a n d  towards t h e  bottom and a  t r ansverse  s e c t i o n  of t h e  

axoneme a t  one s i d e  of i t s  upper por t ion .  Th i s  type of 

' p r o f i l e  i s  t h a t  most ' f r equen t ly  found i n  s e c t i o n s  b u t  a t  



Fig. 270, Peridinium cinctum, n~(a). Profiles of transverse 
flagellurn from consecutive radial sections, X 7,500. 

Fig, 271 Peridinium cinctum? IV(~). Reconstruction of 
flagellar form based ori Figs 262 and 270.. 



i n t e r v a l s  t h e  p o s i t i o n  of t h e  axoneme changes and it curves 

upwards, e .g .  a s  seen i n  Fig.  2 6 9 ,  where t h e  axoneme now 

appears  i n  ob l ique  L. S. A sequence of t r a c i n g s  from e i g h t  

consecut ive  micrographs i s  rep resen ted  i n  F ig ,  270, where 

t h e  axoneme, toge the r  with an ex tens ion  of t h e  f l a g e l l a r  

shea th ,  t r a c e s  p a r t  of a  h e l i c a l  pa th ,  t h e  complet ion of 

which would b r i n g  t h e  axoneme back t o  i t s  p o s i t i o n  a t  t h e  

s t a r t  of  t h e  sequence. A diagrammatic r e c o n s t r u c t i o n  

of such a  three-dimensional form, i n c o r p o r a t i n g  t h e  

r e p e a t i n g  s t r u c t u r e  v i s i b l e  i n  l i g h t  micrographs (e.g. Fig. 

2 6 2 ) ,  i s  shown i n  Fig.  271, wi th  t h e  cingulum w a l l s  omit ted 

f o r  c l a r i t y .  

The accuracy of t h i s  r e c o n s t r u c t i o n  can b e  t e s t e d  

by examining s e c t i o n s  taken i n  a  t a n g e n t i a l  p lane ,  i .e .  

p a r a l l e l  t o  t h e  p lanes  A - E i n d i c a t e d  on t h e  drawing 

(Fig.  271). P a r t s  of a  s e r i e s  of 2 4  such s e c t i o n s ,  

pass ing  through t h e  f l a g e l l a r  appara tus  from t o p  t o  bottom, 

a r e  p r e s e n t e d ' i n  F i g s  272 - 277. 

F ig .  272 shows a l e v e l  c l o s e  t o  t h e  t o p  of t h e  cingulum 

and t h e  f lagel lurn,  corresponding approximately t o  p lane  A 

i n  t h e  diagram (Fig.  2 7 1 ) .  The p lane  of s e c t i o n  passes  

through t h e  t o p s  of two axoneme loops  which are seen  between 

t h e  w a l l s  of t h e  cingulum ( c f .  t h e  upper p o r t i o n  of F ig .  269). 

Fig.  273 i l l u s t r a t e s  a  l e v e l  c l o s e  t o  p lane  B i n  t h e  diagram; 

t h e  expanded f  l a g e l l a r  shea th  forms a membraneous "wing" 

bounded on each s i d e  by axonerne, whi l e  t h e  t o p  of an 

ad jacen t  axoneme loop appears  a t  t h e  l e f t  (a r row) .  These 

t h r e e  loops  a r e  l inked  a t  a  lower l e v e l  by t h e  remaining 

p o r t i o n s  of axoneme (Fig.  274 and p lane  C i n  t h e  diagram)', 

whose p o s i t i o n  corresponds t o  t h e  t o p  of t h e  f l a t t e n e d  

reg ion  of t h e  f  l a g e l l a r  s h e a t h  v i s i b l e  i n  F i g .  268. 

Immediately below each of t h e s e  l i n k i n g  p o r t i o n s  of 

axoneme a r e  loca ted  rows of v e s i c l e s  wi th in  t h e  f l a g e l l a r  

shea th  (Fig.  27 5 )  , some of which may a l s o .  be  seen i n  t h e  

r a d i a l  s e c t i o n s ,  e.g. Fig. 269. 

A t  lower l e v e l s  than t h a t  i n  Fig.  275, t h e  f  l a g e l l a r  

shea th  becomes narrower and even tua l ly  p r o f i l e s  of t h e  

accessory  s t r a n d  a r e  encountered. I n  Fig. 2 7 6 ,  corresponding 

t o  p lane  D i n  t h e  diagram, t h e  s t r a n d  i s  sec t ioned twice  a s  

i t a r c s  through t h e  plane of s e c t i o n .  A t  t h e  lowest l e v e l s  



FIGS 272 - 281 

F i g s  272 - 277 

Fig.  272: 

Fig.  273: 

Fig .  2 7 4 :  

Fig.  275: 

Fig .  276: 

Fig .  277: 

F i g s  278 - 281 

Fig.  278: 

Fig.  279: 

F ig .  280: 

Fig .  281: 

Per id in ium c-inctum, V ,  D e t a i l s  of 
t r a n s v e r s e  f  lagel lum; TEM of s e c t i o n e d  
m a t e r i a l .  

T a n g e n t i a l  s e c t i o n s  of t r a n s v e r s e  f l a g e l l u m  
( . t f )  w i t h i n  cingulum ( c i )  : p a r t s  of a  
s e r i e s  p a s s i n g  through f l a g e l l a r  a p p a r a t u s  
towards  b a s e  .of cingulum. 

g l a n c i n g  s e c t i o n  of f  lagellum, X 4 ,000,  
showing t o p s  of two axoneme l o o p s .  

s e c t i o n  of a  lower ' l e v e l ,  X 4,000,  
showing median s e c t i o n s  of t h e s e  two 
axoneme l o o p s  (axonme,  a, s een  a t  e a c h  
s i d e  of p r o f i l e )  and t o p  of n e x t  l o o p  t o  
t h e  l e f t  ( a r r o w ) .  

s e c t i o n  a t  bottom of axoneme c o i l ,  X 4,000, 
showing l i n k i n g  p o r t i o n s  of axoneme and t o $  
of n e x t  l o o p  t o  t h e  r i g h t  ( a r r o w ) .  
t p  = t h e c a l  p l a t e s .  

s e c t i o n  of expanded p o r t i o n  of  f l a g e l l a r  
s h e a t h  benea th  axoneme ( c£ ,  F i g s  268/269),  
X 4,000; n o t e  a r r a y s  of v e s i c l e s  ( v )  benea th  
p a t h  of axonerne. 

b a s a l  p a r t s  of f lagel lurn,  X 4,000,  showing 
two o b l i q u e  s e c t i o n s  of t h e  f l a g e l l a r  
s t r a n d  ( s t )  w i t h i n  narrow p a r t  of p ro£  i l e .  

section- a as sing beneath  f lagel lurn i n  
c e n t r e  of F i g u r e  ( a r rows) ,  X 4,000. Axoneme 
(a)  a t  l e f t  i s  c l o s e  t o  p o i n t  of emergence 
from t h e c a l  f  l a g e l l a r  pore; r8e l a t i onsh ip  
of cingulum w i t h  su l cus  ( s u )  i s  v i s i b l e .  

High-power d e t a i l s  of f e a t u r e s  v i s i b l e  i n  
t a n g e n t i a l  s e c t i o n s .  

median s e c t i o n  of v e s i c l e s  ( v )  w i t h i n  
f  l a g e l l a r  s h e a t h ,  X 20,000. 

g l a c i n g  s e c t i o n  of t h e  same v e s i c l e  g roup ,  
X 20,000; n o t e  c o n t i n u i t y  of v e s i c l e s  
w i t h  f l a g e l l a r  membrane ( a r row) .  

p a r t  of f l a g e l l u m  showing axoneme ( a )  i n  
L.S., X 20,000; n o t e  two t y p e s  of f l a g e l l a r  
h a i r s  ( h )  p r e s e n t .  

p a r t  of  f l age l lu rn  showing axoneme ( a )  i n  
T.S., X 20,000; no t e  f l a g e l l a r  h a i r s  and 
appearance  of  s t r a n d  ( s t )  . t p  = t h e c a l  
p l a t e s  ( p a r t  of  cingulum) . 
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i n  t h e  sequence (e .g.  F ig .  277  and p lane  E )  a  gap appears  

i n  the  c e n t r e  of t h e  micrographs a s  t h e  p l a n e  of s e c t i o n  

passes i n t o  t h e  space between t h e  lower edge of t h e  

flagellurn and t h e  base  of t h e  cingulum. B y  t h e s e  l e v e l s ,  

s u f f i c i e n t  of t h e  surrounding c e l l  a r e a  i s  v i s i b l e  t o  

enable t h e  l o c a t i o n  of t h e  sect ioned a r e a  t o  be seen wi th  

r e s p e c t  t o  t h e  s u l c u s  and t h e  edge of t h e  c e l l  (cf.  

F igs  258, 2 6 0 ) .  

Se lec ted  d e t a i l s  from micrographs i n  t h i s  sequence a r e  

presented i n  F igs .  278 - 281, showing t h e  appearance of 

t h e  f l a g e l l a r  s h e a t h  vesicles a t  higher  magn i f i ca t ion  

and a t  two l e v e l s  ( F i g s  278, 279) ,  f l a g e l l a r  h a i r s  of two 

d i s t i n c t  t y p e s  (Fig,  280) ,  and t r a n s v e r s e  s e c t i o n s  of t h e  

axoneme and t h e  accessory  s t r a n d  (Fig.  281) .  Some of t h e  

v e s i c l e s  appear t o  be i n  c o n t i n u i t y  wi th  t h e  f l a g e l l a r  

membrane (arrow, Fig .  279) and they  perhaps r e p r e s e n t  a  

complex series of i n f o l d i n g s  i n t o  t h e  shea th .  The axoneme 

has t h e  "normal" 9 + 2 conf igura t ion  of sub-uni ts ;  t h e  

accessory s t r a n d  shows no pe r iod ic  s t r u c t u r e ,  i n  c o n t r a s t  t o  

t h a t  seen i n  t h e  " s t r i a t e d  s t r and"  of o t h e r  d i n o f l a g e l l a t e s  

(Leadbeater & Dodge, 1967b; Lee, 1977). 

Recovery of  t h e  complete sequence of 2 4  t a n g e n t i a l  

s e c t i o n s  allowed a model t o  be cons t ruc ted  t o  r e p r e s e n t  

t h e  three-dimensional s t r u c t u r e  ind ica ted  i n  t h e  micrographs. 

The p r o f i l e  from each l e v e l  was t r aced  on to  g l a s s ,  t h e  

dense a r e a s  blocked i n  wi th  coloured t r a n s p a r e n t  f i l m  and 

t h e  s h e e t s  of g l a s s  s tacked i n  t h e i r  c o r r e c t  v e r t i c a l  

sequence. S te reo-pa i r  photographs of t h i s  model a r e  shown 

i n  Figs  282 - 285 and a l low t h e  v e r t i c a l  r e l a t i o n s h i p s  

between t h e  f l a g e l l a r  components t o  be seen  i f  used i n  

conjunct ion wi th  an  a p p r o p r i a t e  s t e r e o  viewer.  The model 

i s  f i r s t  shown i n  t h r e e  p a r t s ,  r ep resen t ing  t h e  upper t e n  

l e v e l s  (F ig  282) ,  t h e  c e n t r a l  t h r e e  l e v e l s  (Fig. 283) 

and t h e  lower e l even  l e v e l s  (Fig.  284) ; t h e  f i n a l  s t e r e o  

p a i r  (Fig. 285) shows t h e  complete model produced by s t ack ing  

t h e  t h r e e  p a r t s .  I n  t h e  model t h e  h e l i c a l  pa th  of t h e  

axoneme can be c l e a r l y  seen, a s  can t h e  curving  accessory  

s t r and  beneath. 

~ h e s e  r e s u l t s  i n d i c a t e  t h a t  a  previous account of a  

h e l i c a l l y - c o i l e d  axoneme i n  P. cinctum, based on SEM - 



FIGS 282 - 285 Peridinium cinctum,  V I .  S t e r e o - p a i r  
photographs of 3-dimensional  model of 
t r a n s v e r s e  f  l age l lum,  based on s e r i e s  of 
t a n g e n t i a l  s e c t i o n s .  Some membrane and 
t h e c a l  p r o f i l e s  omi t t ed  f o r  c l a r i t y .  
A l l  f i g u r e s  X 2,900. 

F ig .  282: upper 10 l e v e l s  of t a n g e n t i a l  s e r i e s ,  
showing axoneme and expanded f l a g e l l a r  
shea th  w i t h i n  cingulum. 

F ig .  283: c e n t r a l - 3  l e v e I s  of s e r i e s ,  showing 
f l a t t e n e d  r e g i o n  o f  s h e a t h  c o n t a i n i n g  
v e s i c l e s .  

F i g .  284: lower 11 l e v e l s  of  series, showing lowes t  
p o r t i o n  of f l a g e l l u m  e n c l o s i n g  f l a g e l l a r  
s t r a n d .  

Fig.. 285: view of complete model ( 2 4  l e v e l s ) .  





obse rva t ions  (Berdach, 1 9 7 7 )  i s  e s s e n t i a l l y  c o r r e c t ,  and 

t h a t  t h e  "hemi-helical" conf igura t ion  proposed by Taylor 

(1975) cannot  apply i n  t h i s  case .  I n  a d d i t i o n ,  f e a t u r e s  

such a s  t h e  f l a g e l l a r  h a i r s  and t h e  v e s i c l e s  w i t h i n  t h e  

f l a g e l l a r  s h e a t h  a r e  of i n t e r e s t ,  a s  i s  t h e  form of t h e  

lower p a r t  of t h e  flagellurn,  s i n c e  t h e s e  cou ld  no t  be 

observed wi th  t h e  SEM. I n  t h e  General Discussion t h e  

s i g n i f i c a n c e  of t h e  above obse rva t ions  w i l l  be  d iscussed  

i n  a  wider context ;  f u r t h e r  a s p e c t s  .a re  a l s o  considered 

by Rees & Leedale ( i n  p r e s s ) .  

(d)  Raphidocystis t u b i f e r a  (Heliozoa : Cent rohe l id ia )  

This  organism was p r e s e n t  on i s o l a t e d  occas ions  , 

i n  t h e  plankton of Sawley Dene ( s e e  p. 54) .  Although 

a  hel iozoan,  and t h e r e f o r e  n o t  an a l g a ,  it n e v e r t h e l e s s  

r e p r e s e n t s  a  type  of p r o t i s t a n  o r g a n i s a t i o n  w i t h  some 

p a r a l l e l s  t o  t h a t  of c e r t a i n  u n i c e l l u l a r  a l g a e ;  i n  

p a r t i c u l a r ,  i n  i t s  possession of s i l i c i f i e d  s c a l e s  it i s  

reminiscent  of c e r t a i n  genera '  of t h e  Chrysophyceae. 

EM s t u d i e s  r epor ted  i n  Sec t ion  4 inc lude  s c a l e s  of a 

v a r i e t y  of organisms, among which may be  a l g a e ,  protozoa 

and c u r r e n t l y  u n c l a s s i f i a b l e  p r o t i s t s ;  o t h e r s  a r e  more 

c l e a r l y  .heliozoan and may belong t o  organisms ve ry  c l o s e  

t o  Raphidocyst is .  An electron-microscope s t u d y  of 

R. t u b i f e r a  might a i d  t h e  i d e n t i f i c a t i o n  of non-algal s c a l e s  - 
i n  t h e  plankton c o l l e c t i o n s  and p o s s i b l y  shed l i g h t  on 

d i f f e r e n c e s  o r  a f f i n i t i e s  between t h e s e  organisms and t r u e  

a lgae .  It i s  c l e a r  from e a r l i e r  r e p o r t s  ( s e e  p. 8 6 )  

t h a t  s c a l e s  and whole c e l l s  of s i m i l a r  organisms have on 

occasion been determined as a l g a e  by o t h e r  workers. 

The o r i g i n a l  l ight-microscope d e s c r i p t i o n  of R.  t u b i f e r a  

w a s  g iven  by Penard ( 1 9 0 4 )  , based on m a t e r i a l  from f o u r  

French s i t e s .  Subsequently, t h e  s p e c i e s  appears  t o  have 

gone unrecorded except by Rainer (1968) who found R.  t u b i f e r a  - 
a s s o c i a t e d  wi th  Sphagnwn. C e r t a i n  he l iozoans  have been 

r e c e i v i n g  a t t e n t i o n  from e l e c t r o n  mic roscop i s t s  b u t  among 

t h e s e  only  Heterophrys marina belongs t o  t h e  same sub-order 

a s  Raphidocyst is  and should t h e r e f o r e  show many s i m i l a r i t i e s  

i n  c e l l  o rgan i sa t ion .  H. marina bea r s  c h i t i n o u s  needles  - 
which a r e  formed i n  a  s p e c i a l i s e d  o r g a n e l l e  beneath t h e  

plasma membrane (Bardele,  1 9 7 5 )  . Sca les  of t h e  f reshwater  



hel iozoan Pinaciophora f l u v i a t i l i s  have r e c e n t l y  been 

.examined i n  t h e  LM and a s  whole mounts i n  t h e  TEM (Gaarder 

e t  a l ,  1 9 7 6 ,  a s  Potamodiscus ka lbe i ;  Belcher '& Swale, 1978).  -- 
In f r e s h  c o l l e c t i o n s  c e l l s  of R. t u b i f e r a  appear a s  - 

f r e e - f l o a t i n g ,  g e n e r a l l y  c o l o u r l e s s  spheres  surrounded 

by r a d i a t i n g  axopodia (Fig.  286) and t h e  s p e c i e s  may be 

recognised from t h e  form of i t s  su r face  s c a l e s  which a r e  

v i s i b l e  a t  a  h igher  magn i f i ca t ion  (Fig.  290) .  C e l l s  

r e t r a c t  t h e i r  axopodia on d i s tu rbance ,  e.g. on  a d d i t i o n  

of a  cover - s l ip  t o  a  f r e s h  p repara t ion ,  and t h u s  axopodia a r e  

n o t  v i s i b l e  i n  t h e  micrographs which follow. 

The c e l l  o r g a n i s a t i o n  i s  d isp layed i n  t he  sequence of 

micrographs showing a c e l l  p rogress ive ly  f l a t t e n i n g  under 

cover - s l ip  p r e s s u r e  (Figs 287 - 290) . The g e n e r a l  appearance 

of t h e  c e l l  and i t s  s c a l e s  corresponds c l o s e l y  wi th  t h e  

i l l u s t r a t i o n  of Penard (1904) b u t  t h e  use  of phase o p t i c s  

he re  al lows a d d i t i o n a l  f e a t u r e s  t o  be recognised.  The 

nucleus (Fig.  288) c o n t a i n s  a  prominent nuc leo lus  and 

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

of t h e  c e l l  c o n t a i n s  a smal l  r e f r a c t i v e  body, t h e  c e n t r i a s t e r ,  

which under optimum o p t i c a l  cond i t ions  appears  f a i n t l y  

s t e l l a t e  (Fig.  291). Th i s  o r g a n e l l e  i s  c h a r a c t e r i s t i c  

of hel iozoans i n  t h e  sub-c lass  Cent rohel id ia  (Bardele,  1975) 

and forms t h e  c e n t r e  of t h e  r a d i a t i n g  micro tubule  system 

which extends i n t o  t h e  axopodia. The cytoplasm of t h e  

c e l l  con ta ins  smal l  vacuoles  which swel l  and c o n t r a c t  

i r r e g u l a r l y ,  v a r i o u s  g r a n u l a r  i n c l u s i o n s  and l i q u i d  d r o p l e t s  

of unknown n a t u r e  ( F i g s  289, 2 9 0 ) .  Ch lo rop las t s  and 

eyespot are absen t ,  a s  a r e  any f l a g e l l a  o r  o t h e r  locomotory 

s t r u c t u r e s .  

On one occasion a c e l l  was found t o  have encysted 

wi th in  i t s  s c a l e  c a s e  (Fig.  292);  t h e  c y s t  i s  g ranu la r  

bu t  d i s p l a y s  no s p e c i f i c  e x t e r n a l  ornamentation. Some 

c e l l s  from t h e  f i n a l  c o l l e c t i o n  t o  include t h i s  organism 

( s e e  p. 54)appeared green  due t o  t h e  presence of u n i c e l l u l a r  

a l g a e  i n  t h e  cytoplasm (Fig.  293) .  Such a l g a l  c e l l s  have 

been found t o  be p r e s e n t  i n  o t h e r  heliozoans (Wailes, 1 9 2 1 )  

and they a r e  be l ieved t o  be  symbionts. The f i n e  s t r u c t u r e  

of s i m i l a r  "zooch lo re l l ae"  o r  "zooxanthel lae"  has  been 

i n v e s t i g a t e d  i n  a  r e l a t e d  group, Acantharia (Febvre & Febvre- 

Cheval ier ,  1 9 7 9 )  . 



FIGS 286 - 294 

F ig .  286: 

F i g s  287 - 290 

1 Fig .  287: 

F ig .  288: 

Fig .  289: 

Fig .  290: 

F ig .  2 9 1 :  

I F ig .  292: 

l j Fig.  293: 

~ Fig .  294: 

Raphidocys t i s  t u b i f e r a ,  I .  LM of l i v i n g  
c e l l s  and s c a l e s ,  viewed wi th  a n o p t r a l  
c o n t r a s t  ( A C ) ,  d a r k  ground (DG) oE phase  
c o n t r a s t  (PC) i l l u m i n a t i o n .  

und i s tu rbed  l i v i n g  c e l l ,  X 200 DG (no 
c o v e r s l i p  on s l i d e ) ;  n o t e  numerous f i n e  
r a d i a t i n g  axopodia ( a x )  . 
Sequence showing a s i n g l e  c e l l  f l a t t e n i n g  
under c o v e r s l i p  p r e s s u r e ,  X 500 AC; 
axopodia n o t  v i s i b l e .  

c e l l  b e f o r e  f l a t t e n i n g ,  showing appearance  
of s c a l e  c a s e  ( S ) .  

p a r t i a l l y  f l a t t e n e d  c e l l .  

f l a t t e n e d  c e l l  showing nuc leus  ( n )  w i t h  
prominent nuc l eo lus  and c e n t r i a s t e r  ( c a )  
i n  c e n t r a l  p o s i t i o n .  

f l a t t e n e d  c e l l  escap ing  from scale c a s e ;  
n o t e  s i z e  and complexi ty  of s c a l e  case. 

d e t a i l  of c e n t r i a s t e r  ( c a )  i n  a l i v i n g  ce l l ,  
X 1 ,500  AC. 

encys t ed  c e l l  ( cy )  w i t h i n  s c a l e  c a s e ,  X 

700 PC. 

l i v i n g  c e l l  c o n t a i n i n g  numerous g reen  
z o o c h l o r e l l a e  ( z )  w i t h i n  p e r i p h e r a l  r e g i o n  
of cytoplasm, ~ 1 , 0 0 0  AC. n  = nuc leus .  

d e t a i l  of i n d i v i d u a l  s c a l e s ,  X 1,500  AC, 
showing appearance of t h e  t h r e e  t ypes :  
trumpet-shaped s c a l e s  ( S  1 ,  be l l - shaped  
s c a l e s  ( S  ) and o v a l  s c a i e s  (s3) . 2 





The most noteworthy and c h a r a c t e r i s t i c  f e a t u r e  of t h i s  

s p e c i e s  i s  i t s  e l a b o r a t e  covering of s c a l e s .  These occur 

i n  l a r g e  numbers on a s i n g l e  c e l l  (e .g .  Fig. 290) and 

t h r e e  t y p e s  can be d i s t ingu i shed  a t  high magn i f i ca t ion  

(Fig.  294) . Long, tubu la r  s c a l e s  resembling s t r a i g h t  

t rumpets  extend f u r t h e s t  from t h e  c e l l ,  w i th  t h e i r  f l a r e d  

ends f a c i n g  outwards. ,  The more dense  s c a l e  l a y e r  c l o s e  

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

which appear  c i r c u l a r  i n  end view b u t  i n  s i d e  view can be 

seen t o  be funnel-shaped. Penard (1904) gave a c a r e f u l  

d e s c r i p t i o n  of t h e s e  s c a l e  types  which i s  remarkably accura te  

(compare F ig .  2 9 4  with h i s  i l l u s t r a t i o n :  Penard, &. G., 
p. 1 9 4 ) .  

F u r t h e r  d e t a i l s  of s c a l e  morphology a r e  revealed  by 

SEM and TEM examination of d r i e d  whole c e l l s  and detached 

s c a l e s .  A s i n g l e  c e l l  i s  i l l u s t r a t e d  a s  it, appears  i n  t h e  

LM and by t h e  two EM techniques ( F i g s  295-6, 298);  whi le  

TEM i s  a p p r o p r i a t e  f o r  maximum r e s o l u t i o n ,  t h e  s u r f a c e  

d e t a i l s  v i s i b l e  with SEM a r e  a l s o  of i n t e r e s t .  I n  Fig.' 296 

(and d e t a i l ,  Fig.  2 9 7 )  t h e  trumpet-shaped scales a r e  seen 

t o  have open ends and t o  p r o j e c t  from between t h e  s c a l e s  of 

t h e  dense l a y e r  which covers  t h e  c e l l  more completely.  

The e x t e r n a l  s u r f a c e  of t h i s  dense l a y e r  i s  made up from 

t h e  open ends of t h e  funnel-shaped s c a l e s ,  which a r e  thus  

o r i e n t e d  w i t h  t h e i r  c losed t i p s  towards t h e  c e l l  membrane 

a s  a r e  t h e  trumpet-shaped s c a l e s .  Few oval  s c a l e s  a r e  

v i s i b l e  a t  t h e  s u r f a c e  of t h e  s c a l e  case ;  from o t h e r  

micrographs (e .g .  Fig.  290 and Fig .  307,  below) it seems 

l i k e l y  t h a t  t h e y  a r e  concentrated towards t h e  i n s i d e  of 

t h e  s c a l e  case .  

A t  h igher  magnif ica t ions  t h e  super io r  r e s o l u t i o n  of t h e  

TEM a l lows t h e  sub-s t ruc ture  of t h e  s c a l e  t y p e s  t o  be seen 

(Fig.  299) .  An i s o l a t e d  s c a l e  of each type  i s  a l s o  shown 

s e p a r a t e l y  ( F i g s  300 - 302).  The trumpet-shaped s c a l e s  

a r e  homogeneous i n  appearance whi le  s c a l e s  of t h e  o t h e r  

two types  a r e  cons t ruc ted  of m a t e r i a l  arranged i n  a mesh- 

work p a t t e r n  and surrounded by a t u b u l a r  rim. A d e t a i l  of 

t h e  meshwork m a t e r i a l  i s  shown i n  Fig .  303; t h e  component 

s t r u t s  a r e  ca .  40 nm wide. The c losed  ends of both t h e  

funnel-shaped and t h e  trumpet-shaped s c a l e s  a r e  formed i n t o  



Raphidocystis t u b i f e r a ,  11. LM, sEP~ FIGS 295 - 304 
and TEM examinatiqn of d r i ed  m a t e r i a l .  

Fig.  295: appearance of whole c e l l  i n  L M ,  X 400 
( a n o p t r a l  c o n t r a s t ) ;  arrows i n d i c a t e  l i m i t s  
of a r e a  v i s i b l e  i n  Fig.  2 9 7 ,  below. 

Fig.  296 :  appearance of t h e  same c e l l  i n  SEM, 
X 750; arrows a s  i n  previous Figure ,  

. . 

Fig. 2 9 7 :  SEM d e t a i l  of c e l l  s u r f a c e , ,  X 3,000; 
note  d i s t r i b u t i o n  and appearaRce of 
s c a l e s  ( types  sl and s 2 ) .  

s c a l e s  ( type  S ) ,  X 3,000; a s i n g l e  b e l l -  
shaped s c a l e  a l s o  v i s i b l e .  

Fig.  301: TEM view of a  detached bel l -shaped s c a l e  
( type  s2)  ,, x 7,000. 

Fig.  302: TEM view of an i s o l a t e d  oval  s c a l e  
( type  s3 ) ,  X 12,000. 

s c a l e ,  X 35,000,, showing s t r u c t u r e  of 
component m a t e r i a l .  

Fig.  304:  TEM d e t a i l  of f l a r e d  ends of trumpet- 
shaped s c a l e s ,  X 9,000, showing f i n e  
s e r r a t i o n s  a t  t i p s .  





a g lobu la r  t i p ;  t h e  open ends of t h e  l a t t e r  s c a l e s  a r e  ' 

f i n e l y  s e r r a t e d  (Fig.  304).  A narrow mid-rib i s  p r e s e n t  

on t h e  oval  s c a l e s  (Fig.  302). I t  i s  t h e  prominent rim 

of t h e  two smal ler  s c a l e  types  which a l lows them t o  be 

seen i n  t h e  l i g h t  microscope ( c f .  Fig.  2 9 4 )  . 
Prel iminary  tests (A.  Rees, unpublished)  i n d i c a t e  t h a t  

t h e  s c a l e s  a r e  i n s o l u b l e  i n  s t rong  a c i d s  (HC1,  H2S04), 

c o n s i s t e n t  wi th  t h e  view of o t h e r  a u t h o r s  (e .g .  Penard, 

1904; Grasse,  1953) t h a t  s c a l e s  i n  t h e  f ami ly  Acanthocystidae 

(which i n c l u d e s  Raphidocyst is)  a r e  composed of  s i l i c a .  

Attempts t o  embed and s e c t i o n  R. t u b i f e r a  i n  mixed - 
c o l l e c t i o n s  were unsuccessfu l  owing t o  t h e  i n f r e q u e n t  

occurrence of t h i s  organism i n  t h e  plankton and i t s  low 

numbers on each occasion.  On i t s  most r e c e n t  appearance 

during t h e  s tudy  per iod  (October 1 9 7 7 )  an  e f f o r t  was made 

t o  embed s i n g l e  c e l l s ,  ca r ry ing  them through t h e  f i x a t i o n  
! 

and dehydra t ion  s t a g e s  using m i c r o p i p e t t e s  and embedding 

i n  a drop of r e s i n  on a g l a s s  cover - s l ip .  C a .  25 c e l l s  

were t r e a t e d  i n  t h i s  manner bu t  i n  most c a s e s  t h e  cel l  was 

l o s t  be fo re  t h e  embedding w a s  completed. One c e l l  was 

s u c c e s s f u l l y  sec t ioned  and some r e s u l t s  a r e  i l l u s t r a t e d  i n  

F igs  305 - 310; a l though t h e  f i x a t i o n  of t h e  cytoplasm 

i s  u n s a t i s f a c t o r y ,  c e r t a i n  d e t a i l s  o f '  i n t e r e s t  may be seen. 

I n  t h e s e  s e c t i o n s  t h e  most prominent f e a t u r e s  wi th in  

t h e  c e l l  a r e  t h e  presence of apparen t ly  mature s c a l e s  

wi th in  cytoplasmic v e s i c l e s  (Fig.  305) and axopodia beneath 

t h e  plasmalemma (Fig .  306).  Severa l  oval  s c a l e s  wi th in  

v e s i c l e s  w e r e  found; presuming t h i s  t o  be t h e  mode of 

formation of t h e  o t h e r  s c a l e  types  a l s o ,  it i s  somewhat 

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

cytoplasm i n  l i g h t  micrographs (e.g. F ig .  290) : v e s i c l e s  

conta in ing  t h e  trumpet-shaped s c a l e s  should be  t h e  most 

c l e a r l y  v i s i b l e  i f  p r e s e n t  a t  t h e  t ime of examination. 

P r o f i l e s  of numerous r e t r a c t e d  axopodia l i e  immediately 

beneath t h e  c e l l  'membrane (Fig.  306 ) , confirming t h e  

hel iozoan n a t u r e  of t h i s  organism; d e t a i l s  of  t h e i r  

mic ros t ruc tu re  have n o t  been preserved ( c f .  Bardele ,  1977) . 
Fig .  307 shows a s e c t i o n  of t h e  s c a l e  c a s e  taken  some 

d i s t a n c e  above t h e  c e l l  su r face ,  which has  p o s s i b l y  shrunk 

away from t h e  s c a l e s  i n  t h i s  p r e p a r a t i o n .  The o u t e r  p a r t  



FIGS 305 - 310 Raphidocys t i s  t u b i f e r a ,  111. TEM of 
sec t ioned  m a t e r i a l .  

F ig .  305: p a r t  of s e c t i o n e d  c e l l ,  X 12,500, 
showing a  few e x t e r n a l  s c a l e s  and 
a n  i n t e r n a l  s c a l e  wi th in  s c a l e  v e s i c l e  ( s v )  . 

Fig .  306: p e r i p h e r a l  r e g i o n  of c e l l ,  X 25,000, 
showing axopodia ( a x )  i n  T. S .  benea th  
plasmalemma (pm). 

F ig .  307: g l anc ing  s e c t i o n  of s c a l e  case ,  X 

6,000; n o t e  d i s t r i b u t i o n  of o v a l  s c a l e s  
(arrows)  and trumpet-shaped s c a l e s  
(arrowheads) . 

.- 

Fig .  308: d e t a i l  of s c a l e s  i n  s e c t i o n ,  X 8 ,000,  
showing t h e  s t r u c t u r e  of each s c a l e  t y p e  
(sl, s2, s3) - 

Fig .  309: median l o n q i t u d i n a l  s e c t i o n  of be3-l- 
shaped s c a i e  ( t y p e  s 2 ) ,  X 8,000. 

Fig.  310: g l anc ing  l o n g i t u d i n a l  s e c t i o n  of  b e l l -  
shaped s c a l e ,  X 8,000. 
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of t h e  s c a l e  c a s e  c o n s i s t s  p r i n c i p a l l y  of t h e  funnel-shaped 

sca les ,  beneath which l i e  t h e  f l a t  p r o f i l e s  o f  t h e  ova l  

s c a l e s  a l though t h e  o r i e n t a t i o n  of t h e  l a t t e r  i s  somewhat 

i r r e g u l a r .  The trumpet-shaped s c a l e s  appear  t o  be 

concentrated i n  small  groups a t  i n t e r v a l s  among t h e  o t h e r  

sca les .  

More d e t a i l s  of t h e  s c a l e  s t r u c t u r e  can be  seen a t  

higher magn i f i ca t ion  (Fig.  308).  The trumpet-shaped s c a l e s  

a r e  c l e a r l y  hollow and a r e  wider than  t h e  hol low rims of 

t h e  o the r  s c a l e s ,  even c l o s e  t o  t h e  c e l l  s u r f a c e  where they  

a r e  narrowest ( s e e  Fig.  300).  The ova l  s c a l e s  a r e  

d i s t i n c t i v e  when sec t ioned along t h e i r  long a x i s  b u t  i n .  

o the r  p lanes  of s e c t i o n  a r e  of s i m i l a r  s i z e  and cons t ruc t ion  

t o  t h e  funnel-shaped s c a l e s ,  which may p r e s e n t  p r o f i l e s  of 

var ious  shapes depending on t h e  p a r t  of t h e  s c a l e  sec t ioned.  

The tubu la r  r ims  of both t h e s e  s c a l e  types  appear  t o  be 

formed i n  a s i m i l a r  manner, v i z .  from a r o l l e d - u p  margin which 

r e t a i n s  a s l i g h t  asymmetry. Median and g lanc ing  l o n g i t u d i n a l  

s e c t i o n s  of funnel-shaped s c a l e s  a r e  shown i n  F i g s  309 and 

310 and may be compared with t h e  appearance of t h e  whole 

s c a l e  i n  Fig.  301. Together t h e s e  t h r e e  micrographs 

i l l u s t r a t e  t h e  three-dimensional form of t h i s  s c a l e  type.  

The i n v e s t i g a t i o n s  on R. t u b i f e r a  d e s c r i b e d  above - 
i l l u s t r a t e  t h e  s u r f a c e  morphology of t h e  s p e c i e s  a t  a new 

l e v e l  and w i l l  a l low i t s  f e a t u r e s  t o  be compared more a c c u r a t e l y  

with those of o t h e r  s p e c i e s  when t h e s e  become known. The 

formation of s i l i c i f i e d  s c a l e s  i n  cytoplasmic v e s i c l e s  

c o n t r a s t s  wi th  t h e  o r i g i n  of c h i t i n o u s  n e e d l e s  i n  a 

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

comparable p rocess  c u r r e n t l y  de'scribed i n  ano the r  hel iozoan 

(Bardele, 1975) . However, f u r t h e r  i n v e s t i g a t i o n s  on well-  

f i x e d  m a t e r i a l  a r e  r equ i red  before  t h e  d e t a i l s  of t h e  sca le -  

forming process  i n  R. t u b i f e r a  a r e  proper ly  known. Many - 
o the r  spec ies  i n  t h e  fami ly  Acanthocystidae produce . 

s i l i c i f i e d  s c a l e s ,  u s u a l l y  of d i s t i n c t i v e  t y p e s  ( s e e  Rainer,  

1968) and complex mechanisms must c o n t r o l  t h e  form of t h e  

s c a l e s  i n  each spec ies .  



GENERaL D ISCUSSION 

I n  t h e  i n d i v i d u a l  Discussions so  f a r  presented ,  t h e  

d a t a  from each Sect ion  have been examined w i t h i n  t h e i r  

immediate con tex t  and t h e  most s i g n i f i c a n t  conclus ions  

emphasised. The aim of t h i s  General Discuss ion  i s  t o  

cons ide r  i n  more d e t a i l  s p e c i f i c  p o i n t s  a r i s i n g  from t h e  

d a t a ,  t o  a t t empt  t o  r e l a t e  v a r i o u s  r e s u l t s  which have 

p rev ious ly  been discussed i n  i s o l a t i o n  and t o  review t h e  main 

conclus ions  of t h e  whole i n v e s t i g a t i o n .  From t h e  r e s u l t s  

obta ined  it i s  a l s o  p o s s i b l e  t o  r e - a s s e s s  t h e  v a l i d i t y  of 

t h e  approaches adopted f o r  each p a r t  of t h e  s tudy  and t o  

sugges t  ways i n  which t h e s e  might be  modif ied o r  extended 

f o r  f u t u r e  work. 

Sec t ion  1 provides background informat ion  f o r  t h e  a l g a l  

s t u d i e s  and evidence of t h e  type  of h a b i t a t  f o r  phytoplankton 

which Sawley Dene o f f e r s .  C e r t a i n  f a c t o r s  appear  t o  be 

c r i t i c a l  i n  determining t h i s  h a b i t a t  type  and t h e  two of 

key importance may be i d e n t i f i e d  a s  t h e  chemical n a t u r e  of 

t h e  water  and t h e  b a s i c  hydrology of t h e  l a k e  bas in .  The 

l a k e ~ h a s  ,been shown t o  support  "eut rophic"  a l g a l  communities 

and t h e s e  a r e  found e i t h e r  i n  a r t i f i c i a l l y  enr iched ion- 

poor waters  o r  i n  n a t u r a l l y  ion- r i ch  a l k a l i n e  l a k e s  such 

a s  Sawley Dene. The water chemistry i n  t u r n  r e f l e c t s  t h e  

n a t u r e  of t h e  superf i c i a l  d e p o s i t s  over t h e  catchment a r e a  

whose d i s t r i b u t i o n  may be c o r r e l a t e d  wi th  g l a c i a l  events  

i n  t h e  r eg ion  (pp. 14,15) . Hydrological  c h a r a c t e r i s t i c s  of t h e  

d ra inage  b a s i n  r e s u l t  i n  a long r e t e n t i o n  t ime comparable 

wi th  t h a t  of ve ry  much l a r g e r  l a k e s  (see p. 2 0 )  ; it i s  

l i k e l y  t h a t  an  increased throughput of water would modify t h e  

" l ake"  n a t u r e  of t h e  plankton and p o s s i b l y  r e s u l t  i n  

smal ler  a l g a l  c rops  and a  more r a p i d ,  l e s s  p r e d i c t a b l e  

success ion  of communities (Dickrnan, 1 9 6 9 )  . The long 

r e t e n t i o n  t ime of Sawley Dene d e r i v e s  'from t h e  r e s t r i c t e d  

catchment a r e a  which may aga in  be  r e l a t e d  t o  t h e  former 

g l a c i a l  a c t i v i t y  which r e s u l t e d  i n  t h e  format ion  of t h e  

v a l l e y  i n  which Sawley Dene now l i e s  (p. 1 4 )  . 
Other f a c t o r s  w i l l  have some i n f l u e n c e  upon t h e  c h a r a c t e r  

of t h e  a l g a l  populat ions;  worthy of no te  a r e  t h e  g e n e r a l  

shallowness of most ocf t h e  l a k e  a r e a  arid t h e  absence of 
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s i g n i f i c a n t  macrophyte cover .  The shal'low water  column 

allows spec ies  normally c h a r a c t e r i s t i c  of t h e  epi l imnion of . 

a s t r a t i f i e d  l a k e  (e .g .  t h e  blue-green a l g a e )  t o  c o e x i s t  with 

some of t h e  "bottom element" of such l a k e s  ( e .g .  t h e  

Trachelomonas spp . )  whi le  p a r t i a l l y  excluding o t h e r  spec ies ,  

e.g. Ceratium, f o r  which s t r a t i f i c a t i o n  may b r i n g  a competi t ive 

advantage i n  o t h e r  l akes .  The shallow n a t u r e  of t h e  

h a b i t a t  b r ings  an  inc reased  s u s c e p t i b i l i t y  t o  i c e  cover i n  

winter  which may adverse ly  a f f e c t  some a l g a e  b u t  it would 

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

other '  times and may favour  development of a l g a l  popula t ions  

i n  e a r l y  sp r ing  and dur ing  i c e - f r e e  pe r iods  i n  win te r .  

The absence of rnacrophyte cover removes a  p o s s i b l e  source 

of competit ion w i t h  a l g a e  f o r  t h e  a v a i l a b l e  n u t r i e n t s  and 

al lows f r e e  c i r c u l a t i o n  of t h e  water which t h u s  provides  

a  genera l ly  homogeneous h a b i t a t .  

The tempera ture  and d isso lved  oxygen d a t a  presented  i n  

Sect ion 2 a r e  of  i n t e r e s t  i n  t h a t  they  i n d i c a t e  t h a t  Sawley 

Dene r h a i n s  e f f e c t i v e l y  u n s t r a t i f i e d  over most of t h e  summer 

period.  The occurrence  of a l g a e  t y p i c a l  of t h e  n u t r i e n t -  

depleted epi l imnion of a  s t r a t i f i e d  l a k e  i n  l a t e  summer 

must t h e r e f o r e  depend on an a l t e r n a t i v e  cause  of n u t r i e n t -  

deple t ion;  H.A. Cmiech (pe r s .  comm. ) found NO3-N l e v e l s  

a t  o r  below 0.1 ppm over summer 1977 (wks 26b - 41b) , 
together  with u n d e t e c t a b l e  ' l e v e l s  of POq-P, and t h e s e  low 

values  may be expla ined  a s  t h e  r e s u l t  of uptake  by a l g a e  

coupled wi th  v i r t u a l  c e s s a t i o n  of inf low dur ing  t h e  summer 

months ( see  p. 1 8 ) .  Replenishment of n u t r i e n t s  i n  autumn 

i s  t h e  r e s u l t  n o t  of mixing wi th in  t h e  water column 

( a s  i n  a  s t r a t i f i e d  lake') b u t  of resumption of s i g n i f i c a n t  

runoff from t h e  ,d ra inage  a r e a  and in£  low t o  t h e  l ake .  This  

i n t e r p r e t a t i o n  i s  c o n s i s t e n t  wi th  t h e  f a c t  t h a t  t h e  ma3or 

diatom development does n o t  t a k e  p lace  u n t i l  s p r i n g  i n  

Sawley Dene, whereas i n  l a r g e r  l akes  an impor tant  autumn 

peak may a l s o  be  found (Round, 1 9 7 1 ;  Fogg, 1975) which 

' u t i l i s e s  n u t r i e n t s  p r e s e n t  over t h e  summer pe r iod  b u t  

previous ly  u n a v a i l a b l e  t o  a l g a e  i n  t h e  epi l imnion.  

The .genera l  s i m i l a r i t y  of t h e  p a t t e r n  of biomass peaks 

a s  expressed by ch lo rophy l l  a  analyses ,  Secchi  d i s c  readings  

and c a l c u l a t i o n s  of t o t a l  s tanding  crop  has a l r e a d y  been 

noted ' (pp. 2 9 ,  57) . . However, it i s  c l e a r  t h a t  d i f f e r e n c e s  



i n  c e l l  volume, ch lo rophy l l  con ten t  per c e l l  and l i g h t -  

s c a t t e r i n g  power wi th in  and between a l g a l  s p e c i e s  w i l l  

p rec lude  exac t  correspondence of t h e  curves i n  each case  

and t h e  e x t e n t  of such d ivergence  can be assessed  i n  a  

p re l iminary  way from t h e  d a t a  a v a i l a b l e .  F i g .  311 shows 

t h e  r e l a t i o n s h i p  between ch lo rophy l l  a  concen t ra t ions  and - 
t u r b i d i t y  v a l u e s  ( l / Z S D )  on occasions when a s p e c i f i c  

dominant group could be recognised and it i s  apparent  

t h a t  t h e  p o i n t s  a r e  t o o  s c a t t e r e d  t o  be r ep resen ted  

by a  s i n g l e  func t ion .  Within t h e  l i m i t a t i o n s  of t h e  

d a t a  it appears  t h a t  a t  l e a s t  two separa te  r e l a t i o n s h i p s  

a r e  involved,  t h e  blue-green a l g a e  r e q u i r i n g  a  d i f f e r e n t  

l i n e  t o  t h e  diatois; i s o l a t e d  p o i n t s  f o r  dinof  l a g e l l a t e s  

and chrysophytes suggest  t h a t  t h e s e  a r e  c l o s e s t  t o  t h e  

blue-green and t h e  diatom p a t t e r n s ,  r e s p e c t i v e l y .  The 

d i s c r i m i n a t i o n  between s e p a r a t e  t r e n d s  f o r  d i f f e r e n t  a l g a l  

groups i s  important a s  t h i s  sugges ts  one reason why previous 

a u t h o r s  (e .g .  Carlson,  1977; Jones & Bachrnann, 1978) 

have found only  an approximate f i t  i n  g e n e r a l i s e d  r e g r e s s i o n s  

involv ing  Secchi  d i s c  d a t a .  Both t h e  l i n e s  drawn on 

F ig .  311 i n t e r s e c t  t h e  Y-axis a t  , a  s i m i l a r  p o i n t  ( l / Z S D  = 
-1 

0 . 2 m  , i . e .  SD 
= 5.m); t h i s  corresponds t o  t h e  t h e o r e t i c a l  

maximum l i m i t  of v i s i b i l i t y  i n  t h e  Sawley Dene water column, 

a l though it i s  worth not ing  t h a t  f o r  a t  l e a s t  one s h o r t  

pe r iod  (wks 18c - 20c) t h i s  v a l u e  was approached and may 

have been found t o  be exceeded had s u f f i c i e n t  depth  of 

water  been a v a i l a b l e  f o r  t h e  de terminat ion  ( s e e  p. 2 9 ) .  

P l o t s  s i m i l a r  t o  Fig.  311 b u t  involving c a l c u l a t e d  

s tanding  c rops  ( s e e  p. 5 6 )  are of t h e  same g e n e r a l  form 

b u t  f a i l  t o  show such a  c l e a r  d i s t i n c t i o n  between these 

a l g a l  groups and show more s c a t t e r  among o u t l y i n g  po in t s .  

I t  i s  suspected t h a t  a  combination of f a c t o r s  i s  respons ib le ,  

p a r t l y  t h e  l i m i t e d  accuracy (on a  l i n e a r  s c a l e )  of t h e  

a l g a l  coun t s  and t h e  success ive  approximations i n  e s t ima t ing  

t h e  volumes of ind iv idua l s ,  and p a r t l y  genuine v a r i a b i l i t y  

i n  t h e  ch lo rophy l l  con ten t  of c e l l s  through t h e  season. 

An impression of t h e  l a t t e r  v a r i a t i o n  may be gained from 

Table 10 where a  cons ide rab le  range of va lues  is apparent  

w i t h i n  each group; t h e  v a r i a t i o n  between mean va lues  

r e f l e c t s  e i t h e r  genuine d i f f e r e n c e s  o r ,  more l i k e l y ,  

count ing  inaccurac ies  o r  t h e  presence of sys temat ic  e r r o r s  



Fig. 311. Rela-cionship between Z a d  extrzc ted chlorophyll 
.on different dates, SD 
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i n  t h e  volume determinat ions  . Nevertheless,  t h e  mean va lues  

f o r  th,e f i r s t  t h r e e  groups (blue-green a lgae ,  dinof l a g e l l a t e s  

and diatoms) a r e  i n  good agreement with t h e  approximate 
3 

r a t i o  of 4 ?g chlorophyl l  a  t o  1 mm a lgae  suggested by - 
Lund ( i n  Ridley,  1970) .  

Only t h e  more important  a l g a e  a r e  represented  i n  t h e  

Sawley Dene s p e c i e s  l i s t  (Table 4 )  and t h i s  r e f l e c t s  t h e  

emphasis of much of t h e  p r e s e n t  work on t h e  occurrence 

of a l g a l  popula t ions  s u f f i c i e n t l y  dense t o  provide  m a t e r i a l  

f o r  e l e c t r o n  microscopy. Addi t ional  i n v e s t i g a t i o n  would 

undoubtedly a l low t h i s  s p e c i e s  l i s t  t o  be enlarged  

( c f .  t h e  73  s p e c i e s  r e p o r t e d  by Reynolds, 1973b, from 

Crose Mere and t h e  9 1  s p e c i e s  i d e n t i f i e d  by MOSS' & Karim, 

1 9 6 9 ,  i n  Abbot 's  Pond) and i n v e s t i g a t i o n  of o t h e r  h a b i t a t s .  

(e.g.  t h e  l a k e  margins, t h e  s u r f a c e  of t h e  sediments and 

poss ib ly  t h e  upper b a s i n )  would add f u r t h e r  records .  

Despi te  t h e s e  l i m i t a t i o n s  many of t h e  spec ies  r epor ted  

i n  Table 4 a r e  no t  found i n  t h e  only' a v a i l a b l e  survey of 

Yorkshire f reshwater  a l g a e  (West & West, 1901) and it appears  

t h a t ,  i n  genera l ,  eu t roph ic  s i t e s  such a s  t h o s e  i n  t h e  

Sawley a r e a  w e r e  no t  i n v e s t i g a t e d  by t h e s e  e a r l y  workers 

.and t h e i r  co l leagues .  Sawley Dene i t s e l f  could no t  have 

appeared i n  t h i s  work i n  any c a s e  s i n c e  i t s  d a t e  of 

( r e - )  c o n s t r u c t i o n  pos t -da tes  t h a t  of West .& West 's  

"Alga-£ i o r a  of Yorkshire" ( s e e  p. 13) .   he' i n c l u s i o n  of 

l i g h t  micrographs of t h e  p r i n c i p a l  spec ies  ( F i g s  1 4  - 58) 

w i l l  a l low t h e  p resen t  de te rmina t ions  t o  be v e r i f i e d  o r  

amended i f  necessary by o t h e r  workers i n  t h e  f u t u r e  a s  

w e l l  a s  i l l u s t r a t i n g  t h e  form of i n d i v i d u a l s  i n  t h e  Sawley 

Dene popu la t ions  which may be of some i n t e r e s t  f o r  t h e ,  

more v a r i a b l e  spec ies .  I t  i s ,  'of course,  r o u t i n e  f o r  

EM-based i d e n t i f i c a t i o n s  t o  be accompanied by t h e  a p p r o p r i a t e  

micrographs f o r  v e r i f i c a t i o n  (Sect ion  4 ) .  

I n  t h e  course of many e c o l o g i c a l  s t u d i e s  a  cons ide rab le  

amount of t ime i s  spent  count ing ind iv idua l  a l g a e  under ,  t h e  

inver t ed  microscope. For some a p p l i c a t i o n s  t h i s  e f f o r t  

i s  j u s t i f i e d ;  i n  t h e  ' p resen t  con tex t ,  accura te  counts  

enable  popula t ion  maxima t o  be measured and compared w i t h  

r e s u l t s  from elsewhere (Sec t ion  3)  and from success ive  y e a r s  

i n  Sawley Dene ( f o r  blue-green a l g a e  see  H.A. Cmiech, 

t h e s i s  i n  p r e p a r a t i o n ) . a n d  t h e y  a l s o  allow t h e  phytoplankton 





s tanding  c rop  t o  be analysed i n  some d e t a i l  (Fig.  100) .  

For many purposes,  however, it appears  t h a t  semi-quant i ta t ive  

de terminat ions  a s  d e s c r i b e d ' o n  p. 25 a r e  adequate  f o r  

r e p r e s e n t a t i o n  of t h e  phytoplankton p e r i o d i c i t y  (e .g .  

Fig.  59 and Appendix 11) and t h e  d a t a  given i n  Figs  

6 5  - 99 show a genera l ly  good c o r r e l a t i o n  between t h e s e  

and t h e  a l g a l  counts.  P a r t i a l  except ions occur  only 

when some a l g a e  (Volvox, Ceratium and Microcys t i s )  show 

a marked tendency t o  accumulate i n  t h e  water column o u t s i d e  

t h e  c o l l e c t i o n  range of t h e  plankton ne t ;  f o r  spec ies  

which p r e s e n t  problems f o r  s t r i c t  q u a n t i t a t i v e  enumeration, 
-1 e.g.. owing t o  low concen t ra t ions  a s  i n d i v i d u a l s  m 1  bu t  

high biomass (Gloeo t r i ch ia )  o r  t o  non-random d i s t r i b u t i o n  i n  

t h e  count ing  chamber (Aphanizomenon), semi-quant i ta t ive  

e s t ima t ion  may even be p r e f e r a b l e  t o  i n v e r t e d  microscope 

counts.  

The s t a t i s t i c a l  procedures  used i n  Sec t ion  2 produce a  

more complex summary of t h e  d a t a ,  incorpora t ing  a s  much 

semi-quant i ta t ive  d a t a  on s p e c i e s  p e r i o d i c i t y  a s  i s  

a v a i l a b l e ,  which a t  t h e  same time d i s p l a y s  rates and d i r e c t i o n s  

of community change i n  a  d i r e c t  form. For t h i s  s t a t i s t i c a l  

method t h e  s i m p l i c i t y  of t h e  semi-quant ikat ive d a t a  is  

a c t u a l l y  p r e f e r a b l e  t o  t h e  a l g a l  counts ,  f o r  which complex 

t r ans fo rmat ions  would be necessary  i f  they  were t o  be  used 

a s  t h e  i n p u t  d a t a .  A s i m i l a r  conclusion w a s  reached by 

Ibanez (1974: c i t e d  i n  Legendre & Legendre, 1978) who sugges ts  

t h a t  a  t h r e e - s t a t e  s c a l e  ( absen t / r a re ,  p resen t ,  abundant) 

i s  a s  u s e f u l  a s  more complex d a t a  f o r  p r i n c i p a l  components 

a n a l y s i s  of marine zooplankton. 

The major l i m i t a t i o n  of t h e  p r e s e n t  o r d i n a t i o n  i s  

n o t  t h e  q u a n t i t a t i v e  p r e c i s i o n  of t h e  abundance va lues  b u t  

t h e  number of samples a v a i l a b l e  f o r  inc lus ion ;  even d a i l y  

r ecords  could be incorpora ted  which might then  allow t h e  

smal l -sca le  changes implied by t h e  p resen t  p l o t s  t o  be 

adequately represented .  A l i m i t a t i o n  of a  d i f f e r e n t  kind 

i s  i n h e r e n t  i n  t h e  two-dimensional graph which al lows only  

two independent axes of v a r i a t i o n  t o  be considered; 

i f  thought  d e s i r a b l e ,  a  t h i r d  a x i s  could be c a l c u l a t e d  and 

compared wi th  each of t h e  o t h e r  axes i n  t u r n  on a  s e p a r a t e  

p l o t ,  o r  a  "three-dimensional" e f f e c t  could be introduced 

s i m i l a r  t o  t h a t  used, f o r  example, i n  chemistry t o  r e p r e s e n t  



t h e  s p a t i a l  s t r u c t u r e  of complex molecules.  Cer ta in  au thors  

(e .g .  Anderson, 1 9 7 1 )  have objec ted  t o  t h e  use  of r e fe rence  

s e t  methods such a s  t h e  Bray & C u r t i s  technique used here  

on t h e o r e t i c a l  mathematical  grounds; however, a s  d iscussed  

e a r l i e r  (p.  2 7  ) , more s o p h i s t i c a t e d  procedures  such a s  

p r i n c i p a l  components a n a l y s i s  (PCA) w i l l  t end  t o  produce 

s i m i l a r  o r g a n i s a t i o n s  of t h e  da ta .  Indeed, a r e fe rence  set 

method i s  p r e f e r a b l e  i f  d a t a  from d i f f e r e n t  s i t e s  o r  from 

separa te  y e a r s  a t  t h e  same s i t e  a r e  t o  be compared, s i n c e  

a procedure such a s  PCA seeks t o  f i n d  new axes  f o r  every 

d a t a  s e t  w i t h  t h e  r e s u l t  t h a t  d i r e c t  comparisons between 

t h e  r e s u l t s  of s e p a r a t e  ana lyses  a r e  n o t  p o s s i b l e .  

Most of t h e  d i s c u s s i o n  on t h e  seasona l  and geographical  

" d i s t r i b u t i o n  of t h e  p r inc ipa l .phy top lank ton  organisms 

has been presented  a l r e a d y  (Sect ion  3), except ing  t h e  blue- 

green a l g a e  whose p e r i o d i c i t y  i s  t o  be t r e a t e d  i n  a s e p a r a t e  

study by H.A. Cmiech. The most r e g u l a r  and prominent 

a lgae  of Saw1e.y Dene are ~ s t e r ' i o r i e ' l ' l a  i n  winter / spr ing  and 

Anabaena' 'so'li't'ar'ia i n  l a t e  summer and i n  one sense t h e s e  

spec ies  may be s a i d  t o  c h a r a c t e r i s e  t h e  l ake ;  A s t e r i o n e l l a  

i s  t h e  most common s p r i n g  diatom i n  many eu t roph ic  l akes  

but  An'aba'eha' 's'o'1'i'tar:ia i s  comparatively r a r e l y  recorded, 

even a s  a subs , id iary  component of t h e  plankton,  suggest ing 

t h a t  Sawley Dene a s  an "'An'aba'ena' ' so ' l ' i t a r ia  l ake"  possesses  

some p a r t i c u l a r l y  i n d i v i d u a l  c h a r a c t e r i s t i c .  The n a t u r e  

of t h i s  is ,  however, obscure; t h e  nearby, and g e n e r a l l y  

comparable, Eavestone Lake ( s e e  Table 6 )  supported 

l u x u r i a n t  growths of Aphani.zomenbri f 10s-aquae and Gloeot r ich ia  

'echinu'la'ta when v i s i t e d  i n  J u l y  1978 a t  a t ime when 

Sawley Dene was dominated by Anabaena' 'so ' l ' i ' taria.  One 

poss ib le  i n d i c a t i o n  of t h e  environmental requirements  of 

. An.a.b.a.ena 's.oli.tar.ia i s  suggested by t h e  f a c t  t h a t  t h i s  a l g a  

was apparen t ly  favoured by t h e  hot  d r y  summer of 1 9 7 6  

i n  Sawley Dene and has  occas iona l ly  appeared during s i m i l a r -  

per iods  i n  c e r t a i n  of t h e  Shropshire'  Meres (Reynolds, 

1973b, 1978 and pe r s .  comrn.); it i s  p o s s i b l e  t h a t  t h e  

shallow n a t u r e  and tendency towards summer s t agna t ion  i n  

Sawley Dene r e g u l a r l y  provide cond i t ions  of n u t r i e n t  s t r e s s  

s i m i l a r  t o  t h o s e  experienced a t  some o t h e r  s i t e s  only i n  

unusual ly h o t  o r  d r y  yea r s .  

The sca le-bear ing  Chrysophyceae and t h e  o t h e r  organisms 



surveyed i n  Sect ion  4 were c o l l e c t e d  with minimal sampling 

through t h e  s tudy a rea ,  on ly  some 20% of t h e  Sawley 

c o l l e c t i o n s  being prepared a s  whole mounts f o r  TEM examination 

(Appendix I )  and one o r  two c o l l e c t i o n s  taken  from each 

of t h e  o t h e r  si tes i n  t h e  a r e a  (Table 6 ) .  Some r a r e r  

organisms may have been missed through examination of only  

small  p o r t i o n s  of t h e  n e t  samples, whi le  i s o l a t e d  s c a l e s  

and very  small  c e l l s  may n o t  have been r e t a i n e d  by t h e  

n e t  during t h e  o r i g i n a l  sampling. Nevertheless ,  t h e  

q u a n t i t y  of a l g a l  m a t e r i a l  provided by t h e s e  c o l l e c t i o n s  

i s  cons ide rab le  and t h e  c h i e f  l i m i t a t i o n s  a r e  t h e  thoroughness 

wi th  which any one sample can be s t u d i e d  t o g e t h e r  wi th  

d i f f i c u l t i e s  of spec ies  i d e n t i f i c a t i o n  from t h e  f r equen t ly  

s c a t t e r e d  and sometimes non-exis tent  r e p o r t s  i n  t h e  l i t e r a t u r e .  

Repeated examination o f  p o r t i o n s  of t h e  same sample 

o f t e n  r e v e a l s  t r a c e s  of a d d i t i o n a l  s p e c i e s  t o  those  f i r s t  

noted and, t o  some ex ten t ,  t h e  mic ro f lo ra  l i s t e d  from a 

s i n g l e  s i t e  depends on t h e  amount of s tudy devoted t o  

each c o l l e c t i o n  i n  a d d i t i o n  t o  t h e  obvious e f f e c t  of 

sampling frequency where such shor t - l ived  s p e c i e s  may be 

concerned. It i s  t h e r e f o r e  c e r t a i n  t h a t  t h e  numbers of 

s p e c i e s  quoted i n  Fig.  218 from v a r i o u s  sites would be 

cons iderably  extended wi th  f u r t h e r  study. Even so, it 

i s  i n t e r e s t i n g  t o  compare t h e  numbers found h e r e  wi th  

t h o s e  found dur ing  t h e  most comprehensive survey anywhere 

i n  t h e  world t o  d a t e ,  t h e  2 0  yea r s '  work of Takahashi 

(1959 t o  p resen t ,  summarised i n  Takahashi, 1978) who has - 
examined some 9 6  water-bodies i n  Japan ( see  Table 11). 

I t  i s  apparent  t h a t  t h e  p r e s e n t  s tudy has provided evidence 

of a s i g n i f i c a n t  number of s p e c i e s  cons ider ing  t h e  l i m i t e d  

samples taken  wi th in  a r e s t r i c t e d  geographical  a rea  and, 

of t h e s e ,  over 60% have a l s o  been found by Takahashi 

( l o c .  p c i t . ) ;  t h i s  sugges ts  t h a t  t h e r e  a r e  few e f f e c t i v e  

b a r r i e r s  t o  d i s p e r s a l  of many s p e c i e s ,  even f o r  those  

which may a t  p r e s e n t  be known on ly  from t h e s e  two s t u d i e s  

( e - g -  s e v e r a l  Spiniferomonas s p p . ) .  The d i s t i n c t i o n  

of t axa  "new f o r  B r i t a i n "  i s  of l i t t l e  eco log ica l  s i g n i f i c a n c e  

s i n c e  so  few B r i t i s h  waters  have been s tudied  i n  t h i s  r e s p e c t ;  

however, it does appear t h a t  c e r t a i n  spec ies ,  e .g .  Mallomonas 

hamata, a r e  r a r e  throughout t h e  world and t h e i r  occurrence 

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



The non-chrysophycean organisms t r e a t e d  i n  Sect ion  4 

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

s ince  so  few of them have been repor ted  by o t h e r  workers. 

Belcher & Swale (1975, 1976, 1978) a r e  among t h e  few 

phycologis t s  who have s tud ied  co lour le s s  s c a l e d  organisms; 

micrographs by o t h e r  a u t h o r s  probably e x i s t  (e .g .  Manton, 

unpubl. and Thomsen, unpubl.,  both c i t e d  i n  Gaarder -- e t  a l . ,  

1 9 7 6 )  b u t  remain unpublished e i t h e r  because of t h e  absence 

of names f o r  t h e  organisms o r  because some of  them may 

no t  be s t r i c t l y  "a lgae" .  

The a f f i n i t i e s  of some of t h e  u n i d e n t i f i e d  s c a l e s  

may become c l e a r e r  i f  whole c e l l s  a r e  found, p a r t i c u l a r l y  

i f  t h e s e  can  b e  sec t ioned  (e.g.  Swale & Belcher ,  1974 on 

Gyromitus and t h e  p r e s e n t  observat ions on Raph ' idocys t i s ) .  

A t  p resen t ,  s c a l e s  of a range  of forms a r e  known i n  t h e  

a l g a l  c l a s s e s  Chrysophyceae, Prymnesiophyceae, ~ r a s i n o p h y c e a e  

and some Chlorophyceae (see Leedale, i n  p r e s s  ) and 

have a l s o  r e c e n t l y  been demonstrated i n  some Dinophyceae 

(Pennick & Clarke,  1977 ) and Baci l la r iophyceae  (Crawford, 

1974). Among t h e  Protozoa,  s c a l e s  occur i n  s e v e r a l  groups, 

notably i n  t h e  Heliozoa ( s e e  p. 78)  and i n  c e r t a i n  t e s t a t e  

amoebae, e.g.  Euglypha . (Hedley & Ogden, 1 9 7  3 )  and 

Cochliopodium (Bark, 1973 ) . There a r e  a l s o  p rob l&na t i ca l  

genera such as Gyromitus (Swale & Belcher, 1974) and 

Luff isphaera (Belcher  & Swale, ,19751, t h e  sys temat ic  

p o s i t i o n  of which i s  unknown. 

Sect ion  5  p r e s e n t s  u l t r a s t r u c t u r a l  obse rva t ions  on t h e  

four  spec ies  s e l e c t e d  f o r  d e t a i l e d  study b u t  p re l iminary  

observat ions  were a l s o  made on a  number of o t h e r  spec ies  

before s e l e c t i o n  could be made. I n  genera l ,  s e c t i o n s  

of spec ies  n o t  s e l e c t e d  were e i t h e r  of l i t t l e  u l t r a s t r u c t u r a l  

i n t e r e s t  o r  were n o t  of s u f f i c i e n t l y  high q u a l i t y  (e.g. 

because of problems of f i x a t i o n  or sec t ion ing)  t o  warrant  

cont inuat ion  i n  t h e  l i m i t e d  t ime a v a i l a b l e  f o r  t h e  s tudy of 

any one spec ies .  Never the less ,  o the r  embedded m a t e r i a l  

remains a v a i l a b l e  f o r  s tudy  a t  a  l a t e r  d a t e  a l though a f t e r  

t h i s  i n v e s t i g a t i o n  it might be more va luab le  t o  develop 

s imi la r  s t u d i e s  a t  a  new s i te .  

The s tudy  of Paraphysomonas (p. 89 ) b e n e f i t e d  from 

improvements i n  f i x a t i o n  and embedding techniques  which 

have taken p l a c e  sub'sequent t o  t h e  study of Manton & 



Leedale ( 1 9 6 1 )  and t h e s e  enabled new u l t r a s t r u c t u r a l  d e t a i l  

t o  be seen, p a r t i c u l a r l y  i n  r e s p e c t  of t h e  p rese rva t ion  

of membrane d e t a i l s  and t h e  sub-s t ruc ture  of f l a g e l l a .  

The s e c t i o n s  of inges ted  o b j e c t s  a r e  a l s o  of i n t e r e s t  s i n c e  

t h e s e  shed some l i g h t  on t h e  feeding  behaviour of t h e  

spec ies  i n  t h e  wild i n  a way which might n o t  n e c e s s a r i l y  

be seen i n  c u l t u r e .  Scale-formation i n  Paraphysomonas 

and i n  Synura (p. 9 7  ) appears  t o  fol low a s i m i l a r  pa th  

al though c h l o r o p l a s t  ER, which i s  a s s o c i a t e d  with t h e  s c a l e  

v e s i c l e s  i n  Synura, i s  absen t  from t h e  ( c o l o u r l e s s )  

Paraphysomonas c e l l  and no s p e c i a l i s e d  o r i g i n  i s  apparent  f o r  

t h e  a s soc ia ted  ER v e s i c l e s  i n  t h i s  and o t h e r  Paraphysomonas 

spec ies  (Lee, 1978; Hibberd, 1979) . Wujek & Kris t i ansen  

(1978) suggest  t h a t  t h e  s e p a r a t e  sca le-conta in ing  v e s i c l e s  

a r e  a l s o  der ived  from c h l o r o p l a s t  ER i n  Mallomonas caudata  

b u t  t h i s  i n t e r p r e t a t i o n  i s  n o t  unequivocal ly  supported 

by t h e i r  micrographs; t h e  t r u e  o r i g i n  of t h e s e  v e s i c l e s  

remains obscure.  The e x t e n t  of d i r e c t  ER o r  c h l o r o p l a s t  

ER a c t i v i t y  i n  "moulding" t h e  unders ide  of t h e  s c a l e  

v e s i c l e  .is a l s o  unresolved, s i n c e  s e p a r a t e  " tubu la r  elements" 

a r e  suggested t o  be a s s o c i a t e d  wi th  t h e  ro l l ing-up  process  

involved i n  b r i s t l e  formation i n  Mallomonas caudata  

(Wujek & Kris t iansen ,  loc .  - c i t .  ) and many f e a t u r e s  such a s  

t h e  ornamentation on t h e  upper p a r t  of a Synura s c a l e  

apparen t ly  form wi thout  c l o s e  ER proximity ( c f .  Fig.  254 

and Schnepf & Deichgraber, 1 9 6 9 ) .  

F i x a t i o n  of Peridinium from t h e  wild r e s u l t e d  i n  good 

c e l l  p rese rva t ion  and Berdach (pe r s .  cornrn.) has  suggested 

t h a t  f r e s h l y  c o l l e c t e d  m a t e r i a l  may be more"robust" than  

c u l t u r e d  m a t e r i a l  and l e s s  s u s c e p t i b l e  t o  displacement  o r  l o s s  

of f l a g e l l a .  The p r e s e n t  s tudy inc ludes  t h e  f i r s t  s e r i a l  

s e c t i o n s  'of an i n  s i t u  t r a n s v e r s e  f l a g e l l m -  ( s e e  Rees & 

"Leedale, i n  p r e s s ) ;  new d e t a i l s  seen inc lude  t h e  two types  

of f l a g e l l a r  h a i r s  and t h e  a r r a y s  of v e s i c l e s  wi th in  t h e  

f l a g e l l a r  sheath.  Within t h e  Dinophyceae, f l a g e l l a r  h a i r s  

a r e  more v a r i e d  than  i n  many o t h e r  a l g a l  groups; Leadbeater 

& Dodge (1967b), Leadbeater (19'7') and Dodge & Crawford 

( 1 9 7 1 )  r e p o r t  10 nm diameter  ha: i rs ,  while  Clarke & Pennick 

(1972) and,  Lee (1977) d e s c r i b e  d i n o f l a g e l l a t e  f  l a g e l l a  

which bear  s c a l e s  i n  a d d i t i o n  t o  h a i r s  of v a r i o u s  types .  

The combination of 5 nm and 2 0  nrn diameter h a i r s  does n o t  



appear t o  have been repor ted  p rev ious ly  i n  d i n o f l a g e l l a t e s  

but  h a i r s  of t h e s e  dimensions occur i n  o t h e r  a l g a l  

groups ( S l e i g h ,  1973) .  There i s  no evidence from t h e  present  

s e c t i o n s  t h a t  t h e  20 nrn h a i r s  of P. cinctum a r e  t u b u l a r ,  - 
a s  a r e  mastigonemes i n  t h e  Chrysophyceae ( s e e  Fig .  2 3 0  

and Bouck, 1972) .  

I n  t h e  l i v i n g  f lage l lum t h e  f l a g e l l a r  s t r a n d  remains 

r e l a t i v e l y  s t i l l  whi le  t h e  axoneme undergoes r e g u l a r  

c o n t r a c t i o n s  ( s e e  p. 101) .  The f l age l lum appears  t o  be 

anchored t o  t h e  ce l l  a t  each end (Leadbeater & Dodge, 1967b) 

and Taylor (1975) pos tu la ted  t h a t  a d d i t i o n a l  anchoring 

th reads  might  occur between t h e  lower edge of t h e  f lage l lum 

and t h e  cingulum a t  i n t e r v a l s  a long i t s  l eng th .  This  

suggest ion has  n o t  been borne o u t  by s e c t i o n s  (e.g. F i g s  

268/269) and it i s  more l i k e l y  t h a t  t e n s i l e  f o r c e s  wi th in  

t h e  s t r and  are s u f f i c i e n t  t o  suppor t  t h e  f l age l lum i n  space 

wi th in  t h e  cingulum. However, such a  r i g i d  s t r a n d  would 

s i g n i f i c a n t l y  i n h i b i t  t h e  c a p a c i t y  of t h e  axoneme t o  b e a t  

f r e e l y  u n l e s s  some decoupling system between t h e  axoneme 

and s t r a n d  w e r e  p resen t ;  t h e  a r r a y s  of v e s i c l e s  discovered 

wi th in  t h e  f l a g e l l a r  shea th  could c l e a r l y  f u l f i l  such a  r o l e .  

The p ropu l s ive  model d i scussed  by Leblond & Taylor  

( 1 9 7 6 )  i s  hadequa te  i n  t h e  case  of a  h e l i c a l  axoneme 

a s  descr ibed  he re ,  where t h r u s t  may be genera ted  over t h e  

whole of t h e  axoneme path  r a t h e r  than  a t  t h e  upper edge 

of t h e  f l a g e l l u m  only. Leblond & T a y l o r ' s  model i s  based 

on S E M obse rva t ions  of axonemes wi th  "hemi-hel ical"  

conf igura t ions  b u t  i n  view of t h e  v e r i f i c a t i o n  of a h e l i c a l  

axoneme i n  P. cinctum it seems a p p r o p r i a t e  t o  ques t ion  t h e  - 
v a l i d i t y  of t h e  S E M observa t ions  of  t h e s e  and some o t h e r  

au thors ,  s i n c e  it i s  p o s s i b l e  t h a t  a  h e l i c a l  axoneme may 

c o l l a p s e  s o  a s  t o  resemble a  hemi-helix i n  d r i e d  p repara t ions .  

Leblond & Taylor ( l o c .  - -  c i t . :  F ig .  6 )  i l l u s t r a t e  an i n  s i t u  -- 
-flagellurn of Thecadinium inc l ina tum which t h e y  d e s c r i b e  a s  

showing a  " d i s t o r t e d  wave form" b u t  which conceivably 

possesses  a h e l i c a l  axoneme. Herman & Sweeney (1977) 

desc r ibe  t h e  t r a n s v e r s e  f lage l lum of Gymnodinium splendens 

a s  hemi-hel ical  b u t  i n  one micrograph ( t h e i r  Fig.  3 )  a  

co i l ed  s t r u c t u r e  i s  v i s i b l e  which might a l s o  be a  f lage l lum 

with a h e l i c a l  axoneme. I t  i s  thus  d e s i r a b l e  t h a t  s e r i a l  

sec t ion ing  should bk appl ied  t o  t r a n s v e r s e  f l a g e l l a  of more 



spec ies  of d i n o f l a g e l l a t e s  i n  order  t o  a s c e r t a i n  t h e  t r u e  

t y p e  o r  t y p e s  of f l a g e l l a r  o rgan i sa t ion  i n  t h i s  group 

of organisms. 

The d e t a i l e d  d e s c r i p t i o n  of t h e  su r face  morphology 

of Raphidocystis provides  t h e  second such s tudy  of a 

hel iozoan,  t h e  f i r s t  being t h a t  of Pinaci'ophora f l u v i a t i l i s  

by Gaarder e t  a l .  (1976: a s  llPotamodiscus"), a l though t h e s e  -- 
au thors  d i d  not  appkec ia te  t h e  heliozoan n a t u r e  of t h e  

organism ( s e e  Belcher & Swale, 1978).  Recognition of 

i s o l a t e d  s c a l e s  a s  he l iozoan i n  o r i g i n  sheds l i g h t  on t h e  

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

plankton (Sect ion 4 )  a l though  t h e  s t r u c t u r e  of c e r t a i n  of 

t h e s e  s c a l e s  may a l s o  be reminiscent  of those  of t h e  

Chrysophyceae (e.g.  Unknown s p e c i e s  - B, p. 81) and, indeed, 
$,Lr-k,,~l - 

the-bel-k-shaped s c a l e s  of Raphidocyst is  t u b i f e r a  have some -- 
s i m i l a r i t y  with t h e  s c a l e s  of t h e  chrysophyte Paraphysomonas 

cyl icophora  (Leadbeater,  1972) . A remote phylogenet ic  

connect ion between t h e s e  two groups of organisms has been 

suggested on o t h e r  evidence by Davidson (1974), poss ib ly  

through t h e  Pedine l laceae  which a r e  c u r r e n t l y  considered 

t o  have a r a t h e r  i s o l a t e d  p o s i t i o n  wi th in  t h e  Chrysophyceae 

( s e e  Hibberd, 1 9 7 6 ) .  F u r t h e r  u l t r a s t r u c t u r a l  s t u d i e s  on 

sca le-bear ing  Heliozoa might  be  expected t o  shed more l i g h t  

on t h e  process  of sca le- format ion  and d iscover  whether 

p a r a l l e l s  . e x i s t  between t h i s  and comparable processes  

i n  t h e  Chrysophyceae. 

The main r e s u l t s  of t h i s  i n v e s t i g a t i o n  have been 

descr ibed  i n  e a r l i e r  S e c t i o n s  and w i l l  be r e i t e r a t e d  i n  

t h e  Summary (p. 1 2 1 )  . To conclude t h e  p resen t  Discussion 

it i s  perhaps a p p r o p r i a t e  t o  n o t e  t h e  main a r e a s  w i t h i n  

which t h e  p resen t  work has  shown t h a t  progress  can be made. 

F i r s t l y ,  t h e  populat ion d a t a  from Sawley Dene emphasise 

t h e  uniqueness of every s i te  and, t o  a l e s s e r  e x t e n t ,  of 

s e p a r a t e  y e a r s  a t  a s i n g l e  s i t e  and they lead  t o  cons ide ra t ion  

,of t h e  f a c t o r s  which might e x e r t  t h e  most s i g n i f i c a n t  

i n f l u e n c e  o n  t h e  charicter  of t h e  phytoplankton popula t ions  

Secondly, r egu la r  monitor ing of 'a water body even wi th  such 

s t r a igh t fo rward  f i e l d  equipment a s  a plankton n e t  and a Secchi 

d i s c  can provide an a c c e p t a b l e  summary of t h e  phytoplankton 

p e r i o d i c i t y  and i n d i c a t e  t h e  t iming of development of 

popula t ion  maxima f o r  s p e c i e s  which may be of p a r t i c u l a r  



i n t e r e s t .  Thi rd ly ,  i n v e s t i g a t i o n  of plankton c o l l e c t i o n s  

a s  whole mounts i n  t h e  E M  r e v e a l s  a  range of sca le-bear ing  

chrysophytes and o the r  organisms which could no t  be -. - 

de tec ted  by o t h e r  means and which may be of fundamental 

eco log ica l  o r  taxonomic i n t e r e s t .  F i n a l l y , . r o u t i n e  EM 

s e c t i o n i n g  and examination of wi ld  m a t e r i a l  i n  mixed c o l l e c t i o n s  

can d i s p l a y  previous ly  l i t t le -known u l t r a s t r u c t u r a l  f e a t u r e s  

of c e l l s  which may i n  themselves be  worthy of f u r t h e r  study. 



SUMMARY 

Sawley Dene i s  a  smal l  (10 ha)  l a k e  i n  North Yorkshire, 

cons t ruc ted  c a .  80 y e a r s  ago on t h e  s i t e  of an old monastic 

fishpond. I t  l i e s  i n  a  channel a s soc ia ted  wi th  former 

g l a c i a l  d ra inage  bu t  now by-passed by t h e  p r i n c i p a l  r i v e r s  

i n  t h e  a rea ;  t h u s  t h e  l a k e  i s  without an extensi-ve catchment 

a r e a  and, d e s p i t e  i t s  g e n e r a l  shallowness (mean depth 

2 . 2  m, max. dep th  4 . 6  m ) ,  i t s  t h e o r e t i c a l  r e t e n t i o n  t ime 

i s  long (ca .  6 . 5  months) . The calcareous g l a c i a l  d r i f t  

i n  t h e  d ra inage  a r e a  r e s u l t s  i n  t h e  l ake  being a l k a l i n e  

(pH 7 . 6  - 8 . 2 )  al though t h e  underlying bedrock i s  Mi l l s tone  

G r i t .  The l a k e  catchment con ta ins  pas tu re  and mainly 

coni ferous  woodland t o g e t h e r  wi th  a  s i n g l e  human dwelling. 

The l ake  s u r f a c e  i s  r e l a t i v e l y  she l t e red  and t h e r e  i s  no 

extens ive  macrophyte development. 

Temperature p r o f i l e s  suggest  t h a t  t h e  main p a r t  of 

t h e  water body i s  w e l l  mixed and t h a t  h o r i z o n t a l  v a r i a t i o n s  

a r e  u n l i k e l y  t o  be s i g n i f i c a n t .  Small temperature 

g r a d i e n t s  were d e t e c t e d  fo l lowing rap id  s u r f a c e  hea t ing  o r  

cool ing dur ing  p a r t s  of  summer 1976 bu t  p e r s i s t e n t  s t r a t i f i c a t i o n  

d id  not occur.  Dissolved oxygen l e v e l s  r a r e l y  f e l l  t o  

l e s s  than  20% s a t u r a t i o n  except  a t  t h e  mud-water i n t e r f a c e  

a t  t h e  bottom of t h e  water  column. 

Algal  biomass i s  h i g h e s t  i n  spr ing  (March/April) 

and i n  l a t e  summer (August/September), t h e  l a t e  summer 

peak being t h e  most i n t e n s e .  The spr ing  peak i s  due 

a h o s t  e n t i r e l y  t o  development of t h e  diatom A s t e r i o n e l l a  
-1 formosa which can reach  1200 co lon ies  m1 ( sp r ing  1977),  

y ie ld ing  15 - 20  rng m-3 ch lo rophy l l  a  and a s s o c i a t e d  wi th  - 
a decrease i n  Secchi  d i s c  v i s i b i l i t y  from a t  l e a s t  4 . 5  m 

( i n  per iods  of ve ry  low biomass) t o  ca.  1.25 m. The l a t e  

summer peak i s  due l a r g e l y  t o  blue-green a l g a e ,  of which 

Anabaena s o l i t a r i a  i s  t h e  r e g u l a r  dominant ( 2,800 f i l ament s  

m l - l  i n  summer 1976) al though o t h e r  blue-green a l g a e  (Anabaena 

spp.,  Aphanizomenon f los-aquae,  Gloeot r ich ia  ech inu la ta ,  

O s c i l l a t o r i a  a g a r d h i i )  may a l s o  be prominent a t  times during 

t h e  summer. Peak summer l e v e l s  of ch lorophyl l  a  were - 
30 - 4 0  mg i n  1 9 7 6 ;  Secchi  d i s c  v i s i b i l i t y  was 

t y p i c a l l y  0 . 4  - 0.5' m each summer. 
I 



1 2 2  

The annual success ion  t y p i c a l l y  comprises diatoms i n  

winter  and sp r ing ,  chrysophytes and/or green  a l g a e  i n  l a t e  

sp r ing  - e a r l y  summer, blue-green a l g a e  wi th  some dino- 

f l a g e l l a t e s  i n  l a t e  summer and then  an autumn period of 

low biomass before  t h e  development of diatoms i n  winter  

once more. V a r i a t i o n  i n  t h e  spec ies  composition and i n  

t h e  t iming of each phase r e s u l t s  i n  a  d i s t i n c t i v e  p a t t e r n  

f o r  each year which can  be analysed s t a t i s t i c a l l y  and 

represen ted  i n  a  g r a p h i c a l  form. By t h i s  means p a t t e r n s  

from d i f f e r e n t  y e a r s  can be compared and t h e  main a r e a s  

of divergence ind ica ted ;  t h e  pa th  of t h e  "community t r a c e "  

through t h e  year  may a l s o  be .examined i n  d e t a i l ,  exposing 

smal l -sca le  c y c l i c  p a t t e r n s  superimposed on t h e  annual  

t r e n d s  which may r e f  l e c t  t h e  in f luence  of shor t - l ived  

environmental  f l u c t u a t i o n s .  

The s p e c i e s  of a l g a e  recorded a r e  t y p i c a l  of a  eu t rophic  

l ake ,  comprising many s p e c i e s  normally found i n  t h e  

ep i l imnia  of l a r g e r ,  s t r a t i f y i n g  l a k e s  dur ing  summer, 

t o g e t h e r  wi th  a  few s p e c i e s  more c h a r a c t e r i s t i c  of hypolimnia. 

Diatoms a r e  r e l a t i v e l y  r a r e  i n  summer, i n  c o n t r a s t  t o  t h e  

p a t t e r n  i n  some o the r  shal low lakes ;  d i n o f l a g e l l a t e s  

(e .g .  Ceratium) a r e  g e n e r a l l y  s c a r c e  al though some development 

occurred during summer 197 6; cryptomonads a r e  l e s s  

prominent than  i n  many eu t roph ic  l a k e s  elsewhere.  Sawley 

Dene appears  t o  be somewhat d i s t i n c t i v e  i n  support ing 

l a r g e  popula t ions  of Anabaena s o l i t a r  i a  each summer, o t h e r  

s p e c i e s  of blue-green a l g a e  being more f r equen t  i n  l a k e s  

elsewhere.  

S imi lar  t r ends  i n  p a t t e r n s  of a l g a l  biomass a r e  shown 

whether t h e s e  a r e  r ep resen ted  by t b t a l  c a l c u l a t e d  c e l l  

volume, e x t r a c t e d  ch lo rophy l l  a ,  o r  by t u r b i d i t y  of t h e  - 
water ( i . e .  r e c i p r o c a l  of Secchi  d i s c  t ransparency read ings )  ; 

however, t h e  degree of correspondence between t h e  va r ious  

measures of biomass v a r i e s  according t o  t h e  type  of a l g a  

dominant: f o r  example, blue-green a l g a e  appear t o  produce 

a  g r e a t e r  t u r b i d i t y  per  u n i t  biomass ( a s  c e l l  volume or  

ch lc rophy l l  - a )  than  do diatoms. More da ta  would be necessary 

be fo re  a c c u r a t e  e s t ima tes  of t h e s e  r e l a t i o n s h i p s  could 

be produced. 

A l l  t h e  c o l l e c t i o n s  from Sawley Dene were examined , 

i n  t h e  l i g h t  microscope and a  number of them were a l s o  



prepared a s  whole mounts f o r  EM examination, t o  i d e n t i f y  

small scale-bearing spec ies .  17 spec ies  of scale-bearing 

chrysophycean f l a g e l l a t e s  were i d e n t i f i e d  i n  t h e  Sawley 

Dene samples, inc luding  species '  of Mallomonas, Mallomonopsis, 

Synura, Sp in i f  eromonas and Paraphysomonas; s c a l e s  of 13 

non-chrysophycean organisms were a l s o  found, inc luding  

spec ies  of Acanthocys t i s  and Raphidocystis of t h e  Heliozoa, 

a spec ies  of t h e  c o l o u r l e s s  f l a g e l l a t e  genus Gyromitus 

and a number of unknown organisms. A smal l  number of 

samples were a l s o  taken  from 6 o the r  l a k e s  and pools  i n  t h e  

Sawley a r e a  f o r  comparative purposes and t h e s e  provided 

f u r t h e r  morphological and eco log ica l  d a t a  f o r  some of t h e  

Sawley s p e c i e s  a n d . y i e l d e d  2 1  more species ,  o f  Chrysophyceae 

and 5 more non-chrysophycean spec ies .  D e t a i l s  of a l l  t h e  

scale-bearing organisms found a r e  given i n  a taxonomic 

t rea tment  and c e r t a i n  new taxa  a r e  recognised,  v i z .  

Mallomonas pumilio v a r .  "pe r fo ra ta" ,  Mallomonas "clavoides",  

Mallomonopsis "minuta", Spiniferomonas b o u r r e l l i i  va r .  

"simplex" and Paraphysomonas f oraminif e r a  v a r  . " t r i f  i d a "  . 
I n  add i t ion ,  t h e  new name Mallomonopsis c a l c e o l u s  i s  

used f o r  Mallomonas ca lceo lus .  Formal d e s c r i p t i o n s  of 

t h e  new t a x a  w i l l  be g iven  elsewhere b u t  p r o v i s i o n a l  

diagnoses are presented  i n  an Appendix. 

Most of t h e  Chrysophyceae i n  Sawley Dene a r e  widely 

d i s t r i b u t e d  elsewhere; t h e  r a r e r  s p e c i e s  t end  t.o be 

r e s t r i c t e d  t o  a c i d i c  h a b i t a t s  and a r e  t h u s  absen t  from 

Sawley Dene. There a r e  few s t u d i e s  of s i n g l e  sites 

elsewhere f o r  comparison bu t  it appears from t h e  p r e s e n t  

i n v e s t i g a t i o n  t h a t  water-bodies of t h e  s i z e  of  Sawley Dene 

have a r e l a t i v e l y  impoverished chrysophycean f l o r a  compared 

with smal ler  pools  of similar a l k a l i n e  s t a t u s .  Few 

conclusions can be drawn regarding t h e  d i s t r i b u t i o n  of t h e  

non-chrysophycean s p e c i e s  d e t e c t e d ' w i t h  t h e  EM because of 

nomenclatural problems and t h e  v i r t u a l  a.bsence of r ecords  

from elsewhere.  

U l t r a s t r u c t u r a l  s t u d i e s  were c a r r i e d  o u t  on f r e s h l y  

c o l l e c t e d  Sawley Dene plankton samples and sec t ioned 

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

c o l o u r l e s s  chrysophycean f l a g e l l a t e  Paraphysomonas v e s t k t a  

was c o l l e c t e d  i n  January  1977, t h e  pigmented chrysophyte 

Synura p e t e r s e n i i  i n  February 1978 ( t h e  c e l l s  sec t ioned 
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o r i g i n a t i n g  from a s e p a r a t e  pool ca.  2 km from Sawley Dene) , 
t h e  d i n o f l a g e l l a t e  Peridinium cincturn i n  June 1977 and 

t h e  hel iozoan Raphidocyst is  t u b i f e r a  on a  number of occasions 

between J u l y  1 9 7 6  and October 1 9 7 7 .  

Sec t ions  of Paraphysomonas were compared wi th  those  

from an e a r l y  EM s tudy of t h e  same species  (Manton & 

Leedale, 1961) and v a r i o u s  new d e t a i l s  were exposed. I n  

t h e  process  of s c a l e  format ion  and r e l e a s e ,  t h e  involvement - 

of ER v e s i c l e s  ad jacen t  t o  t h e  scale-forming v e s i c l e s  

was noted. Food vacuoles  were found t o  c o n t a i n  inges ted  

Paraphysomonas s c a l e s  i n  a d d i t i o n  t o  remains of r ecogn i sab le  

extraneous organisms. Other f e a t u r e s  of i n t e r e s t  inc lude  

t h e  occurrence of mastigonemes i n  i n t r a c e l l u l a r  v e s i c l e s ,  

t h e  form of t h e  c o n t r a c t i l e  vacuole and t h e  f i n e  s t r u c t u r e  

of t h e  f l a g e l l a r  t r a n s i t i o n  region ,  a l l  of which d i s p l a y  

t y p i c a l l y  chrysophycean f e a t u r e s  and s o  support  t h e  

c l a s s i f i c a t i o n  of t h i s  c o l o u r l e s s  spec ies  i n  t h e  Chrysophyceae. 

Colony s t r u c t u r e  i n  Synura i s  d isp layed i n  a  s e r i e s  

of s e c t i o n s  approaching t h e  c e n t r e  of t h e  colony. The 

p o s t e r i o r  end of each c e l l  i s  drawn ou t  i n t o  a cytoplasmic 

" t a i l "  which i s  s t i l l  covered wi th  s c a l e s  almost  t o  i t s  

. t i p .  A t  t h e  c e n t r e  of t h e  colony t h e  c e l l  membranes 

l a r e  without  s c a l e s  and t h o s e  from ca. 1 6  c e l l s  i n t e r -  

d i g i t a t e  without  f u s i n g  and without  any apparent  adhesive 

substance.  Sca les  a r e  formed i n  cytoplasmic v e s i c l e s  

which l i e  e x t e r n a l  t o  t h e  c h l o r o p l a s t  and a r e  a s s o c i a t e d  

wi th  a  l a y e r  of c h l o r o p l a s t  ER, p a r e l l e l l i n g  t h e  

s i t u a t i o n  i n  Paraphysomonas except  t h a t  i n  t h e  latter 

s p e c i e s  chloro@asts  a r e  absen t  and s c a l e  v e s i c l e s  a r e  

a s soc ia ted  with f r e e  ER i n  t h e  cytoplasm. Schnepf & 

Deichgraber (1969) i l l u s t r a t e d  e a r l y  s t a g e s  of s c a l e  

v e s i c l e  development i n  S. p e t e r s e n i i  showing t h e  c h l o r o p l a s t  

ER t o  a c t  a s  a  " template"  f o r  t h e  lower s u r f a c e s  of t h e  

s c a l e  o u t l i n e ;  l a t e r  s t a g e s  i n  t h e  present  micrographs 

i n d i c a t e  t h a t  t h e  c h l o r o p l a s t  ER r e t r a c t s  from i n s i d e  t h e  

s c a l e  leaving  a  cytoplasm-f i l l e d  o u t l i n e ,  t h e  cytoplasm 

i t s e l f  being withdrawn through gaps i n  t h e  s c a l e  o u t l i n e  

a s  m i n e r a l i s a t i o n  proceeds.  A more complete scheme f o r  

s c a l e  product ion may t h u s  be  envisaged culminating i n  

ex t rus ion  of t h e  completed s c a l e  through t h e  plasmalemma, 

A c e l l  of Peridinium was f l a t t e n e d  t o  d i s p l a y  i t s  
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t h e c a l  complement i n  t h e  l i g h t  microscope, a l lowing t h e  

s p e c i e s  t o  be determined a s  P. cinctum. Sec t ions  of c e l l s  - 
d i sp layed  t h e  o rgan i sa t ion  of t h e  c e l l  components and 

included d e t a i l s  of t h e  cingulum wi th  i t s  complex 

t r a n s v e r s e  flagellurn -- i n  s i t u ;  t h e  l a t t e r  o r g a n e l l e  

has a s t r u c t u r e  unique t o  t h e  d i n o f l a g e l l a t e s  and i t s  

p r e c i s e  form has been t h e  s u b j e c t  of some s p e c u l a t i o n  

i n  previous  accounts. Recovery of s e r i a l  s e c t i o n s  i n  

t a n g e n t i a l  and r a d i a l  p lanes  allowed a three-dimensional 

model t o  be made which demonstrates t h e  form of t h e  f lagel lum 

and t h e  s p a t i a l  r e l a t i o n s h i p  of i t s  component p a r t s ;  

t h e s e  comprise a h e l i c a l l y  c o i l e d  axoneme l y i n g  e x t e r n a l  

t o  a s t r a i g h t  accessory s t r a n d ,  a s i n g l e  membrane surrounding 

t h e  whole s t r u c t u r e  and groups of v e s i c l e s  i n  t h e  

amorphous mat r ix  between t h e  axoneme and s t r a n d .  I t  

i s  suggested t h a t  t h e  v e s i c l e s  h e l p  t o  decouple t h e  

axoneme from t h e  more r i g i d  s t r a n d  and enable  t h e  l a t t e r  

t o  g e n e r a t e  t h r u s t  more e f f e c t i v e l y .  The f l age l lum 

i t s e l f  appears  t o  mainta in  i t s  p o s i t i o n  wiRii.1 t h e  cingulum 

by i n t e r n a l  f o r c e s  without  being t e t h e r e d  t o  t h e  cingulum 

w a l l  a long i t s  l eng th  a s  has  been proposed by some o t h e r  

au thors .  

The s u r f a c e  s c a l e s  of Raphidocyst is  and p o s s i b l e  

r e l a t e d  s p e c i e s  were encountered i n  whole mounts of mixed 

wild m a t e r i a l  and t h e  t h r e e  s c a l e  types  of R ,  t u b i f e r a  - 
were s t u d i e d  i n  d e t a i l ,  n o t  only  a s  i s o l a t e d  s c a l e s  bu t  

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

m a t e r i a l .  Corre la ted  l i g h t  microscope, SEM and TEM 

examination of t h e  same specimens r e v e a l s  complementary 

d e t a i l s  of s c a l e  morphology and arrangement; o t h e r  

d e t a i l s  of s c a l e  f i n e  s t r u c t u r e  a r e  shown i n  sec t ioned 
1 . J  # C 4  

m a t e r i a l .  R. t u b i f e r a  has  s c a l e s  which a r e  oval ,  -he l l -  - _. _- -- 

shaped and trumpet-shaped; t h e y  were o r i g i n a l l y  descr ibed  

wi th  t h e  l i g h t  microscope by Penard (1904) b u t  have not  

p rev ious ly  been examined by modern methods. The s c a l e s  

appear t o  be formed i n  cytoplasmic v e s i c l e s  b u t  d e t a i l s  

of t h e  process  have not  been e luc ida ted .  
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APPENDIX I, D?"t 

APRIL 142 1.4.76 
18it 3004.76 

AUGUST 

ArmDJ 15b 15.4.77 :: 
17b 20.4077 

MAY 19b 11.5.77 :: 
20b 17.5077 
21b 25.5077 
22b 31.5.77 

JUNE 24b 1306.77 
25b 20.6.77 
26b 28.6.77 

l ake  sampled after 1200 h 

sample s tudied as  whole mount i n  TEM 



APPENDlX I, continued, 

AUGUST 31b 4.8077 
33b 1608.77 
34b 2408.77 * 
35b 31.8077 * 

SEPTEIm 36b 709.77 * 
37b 1509.77 
39b 30.9077 

1978 JANUARY 2~ 12elc.78:: 
4c 2401.78:: 

FEBRUARY 6c 6.2.78 :: 
9 ~ .  2802.78 :: 

P&RCH 12c 22.3.78 * :: 





mmmIX 1110 
ordination, adapted from B 

(i) Initial organisation of data 

This ordination is based on data for 18 species which exceed lltrace" 
amounts over significant parts of the study period and for which full 
records exist. Each week's sample is treated individually and the 
abundance of each species tabulated for it, based on a 0 - 5 scale of 
abundance (see p, 25) to produce a table as follows: 

- a .  

B 
m 

m 

0 

1 3 4 5  6 7 8 9 l 0  11 1 2  13 14 15  16 17 l8 species 
samples 

. . -  

(ii) Calculatioh of similarity between samples 

2 
~oefficient'of similarity, C = (=,p= 27) 

P, ' Pn 
i 

A specimen calculation comparing wk 25a (sample "m") with wk 28a i 
(sample "n") is shown below: ! 

e 

species 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

wk 25a 0 l* 4 O* o o 3* 3 0 0 2 l* l O.5*O 0.5*1*0.5* 

wk28a 0 4 O* 3 0 0 3 2* -0 1*'4 0.5*0.5 0 l l 1 

In this inst&ce, Pm - 17.5, Fn = 21 and Pm (the sum of the lesser values, 

, indicated by * ) = 11. 

C = 0 would indicate total dissimilarity (i.e. no species in common 
between two samples) ; . C = 1.0 would indicate that the samples are identical. 
In practice, C never reaches 1.0 due to the nature of sampling; the 
highest value found in the investigation, C- , is used to indicate 
that samples are effectively identical: see (v), below. 



Matrix of C-values 

, . 

= 0,84 and so, taking the example o f  
. , .  . 



. - .  

(vi) Calculation of sample coordinate on.axis 1 

Samples 9b and 35b are assigned extreme positions on axis 1 according 
to their floristic distance: for thesetwo samples, C = 0.16 and thus 
,D = 68 units, 9b is given the coordinate 0 and 35b the coordinate 68. 
Each sample is now placed so that its position on axis 1 reflects its 
comparative floristic distance from both sample 9b and sample 35b; th~s, 
taking the example 30a as above: 

&$,R 30a * "\PP 
,H' * " % 

(,)' * * " 2. 
axis 1 / G& 

9b - 68 units 35b - 

The coordinate of sample 30a may be determined either by construction 
or by calculation as 37.5 units along axis 1, A similar procedure is 
carried out until axis 1 coordinate$ have been obtained for all the samples. 

. . - . -  - . - - . - . - - - - 
(vii) . Selection of reference sets and calculation of coordinates 
for axis 2 

A significant proportion of the variation within the data may not be 
represented. on one axis alone, i.e. certain samples may bccupy similar 

, 
positions o n  axis 1 whlle retaining a high ~ssimilarity, sho.wn by a 
low C-value. The matrix of C-values isexamined-for the, most extreme 
example of such a tendency and two new reference -sets- selected to 
serve as extreme samples for axis.2. In the pesent data set, sagples 
-28c and 43a fulfil tliese criteria, 'located at similar positions on 
axis 1 (coordinates 33.0'ad 33.5 units, respectively) but showing 
high dissimilar D = 55 units), ~alculatiGns are then - l 

carried out for S in (iv) and (v), above, using the new ! 

reference sets, i 

'i 
Using a similar procedure to that shown in ( v i ) ,  above, sample 30a 
may be assigned a coordiriate of 27 units on axis 2. 

. . 

(viii) Location of sample on ordination plot 
' ,- 

Sample $a is positioned according to its coordinates (37.5, 27) on axes 
1 and 2 and.all other samples are positioned according to their own 
coordinates, 'since the distances between samples are relative rather 
than absolute, there'is no necessity to calibrate the axes in the 

, resulting ordination, although the direction in which each axis proceeds 
should be shown, The same axes may be used for any subsequent ordination 
if the plots are required to be directly comparable; however, -this may 
result in compressio6 of information if the data sets are too different. 



to " '. For fuller 

groups marked * . 

. . 

J 



APPENDIX V. Provisional diagnoses for new taxa of scale-bearing 
Chrysophyceae (f aily ~~nuraceae) . 

Mallornonas pumilio ~irris e.t Bradley , . Jo ~ o y ,  Microscop, Soc, 
76, 1957, p, 45, var, ttperforata" var, .nov. - 
Cell oval to elongated, 8 - 10 p X'  3 - 5 p,. with single emergent 
flagellum, About 5 curved bristles, each ca. 5 km long, borne 
singly on collar scdes at cell anterior; minute.spikes present on 
a few posterior scales: Collar scales asymmetric, 2-2 - 2,5 p X le5 p, 
with a small dome and a single prominent rib' just inside the convex margin. 
Body scales diamond-shaped, ca, 2,O X 1,5 p, with single rib around 
posterior and part of anterior margin but with no dome, Some body 
scales at posterior end reduced in size, 

Ornamentation on main part of scales resembles that displayed by 
M, pumilio sens, strict. : small ribs form a hexagonal .pattern enclosing - 
ttrosettestl of pores in groups of 4- 5, Var, tlperforatalt is distinguished 
by the posession'of two additional rows of pores on mterior parts of 
all scale margins. 

Type material from Brim Bray Pond, near ~avestone, North Yorkshire 
. (N.G,R, SE 217687) ected February 1978, Type micrograph: Fig. 128. 

Mallomonas "clavoidestt sp. nov. 

Cell elongated, 9 - l1 p x 3 - 5 p ,,-with single emergent flagellum. 
4 - 5 curve.d bristles, each cao. 5 pm long,.-borne sin& on collar 
scales at cell anterior;'minutb spikes present-on a few posterior scales. 
collar scsles asymmetric, ca, 3.5. ~ ' 2 ~ 5  p-; body- scales .. . -  diamond-shaped, . 
ca, 2.5 X 1,8 p, larger and less numerous 0% the :cell thq. in the  
previous taxon. Scales heavily thickened around posterior 'krgins with ! 

a peripheral rib aid small comb-like extensions toLthe'scale a ,  I\ edge. 

.. Main ,part - of scales bearing, irregularli reticulate patt'gs bf thickened 
. % ribs ,' with 'ca, 3 weakly defined pores in thef spaces between; Scales 

resemble Zhose.of Mallornonas clavus Bradley, Jp Gene @crobiol. X, 
4 19649 p, 326, .except .that ribs are somewhat more thickened; cell differs 

from that of M, clavus' in bearing minute posterior spikes instead of 
long spines, 

Type material from ~ r i m ' ~ r a ~  Pond (details as for previous taxon). 
Type micrograph: Fig, 130, 

Mallomonopsis. calceolus .f~radle~) comb. nov. 
Basionym: Mallornonas calceolus Bradley, J. Gen, Microbiol. z, 1964, 
p. 322, 

Diagnosis as in Bradley, 1964, except that cells are now horn to have 
two emergent flagella (see Belcher, 1969)~ 



Mallornonopsis "minuta" sp, nova 

Cell round, ca, 5 (m diameter, details of flagella not known, Scales 
of one type, diamond-shaped bqt rounded at the posterior end, 1,6 - 1.8 
pm X l pm, each with a V-rib but without a dome, Anterior portion of 
scale bearing a hexagonal array of papillae; posterior portion smooth 
except for U-shaped marking between V-rib and edge of scale, Each scale 
bearing a single curved bristle 2,O - 2.5 p long, flattened at base, with 
a pointed tip and a single sub-apical tooth, 

Type material from Brim Bray Pond (details as for previous taxa) . 
Type micrograph: Fig, 159,. 

Spiniferomonas bo&rellii Takahashi, Bot, Mag, , Tokyo 86, 1973, p. 76, 
Taro "simplex" var, nov. 

Cell round, ca, 7 p d$meter, with heterokont flagella and bearing 
oval plate scales and several long spines6 P1at.e .. - scales 1,2 - 1.8 p 
X 2,2 - 2,5 p, distinguished from those of S. bourrellii sens, strict. 
by the absence of a central lacuna and the presence of a short transverse 
strut as the only ornamentation. 

Type material from sawley Dene, Sawley, North Yorkshire (N.G.R. SE 263667)., 
collected January 1978, Type micrograph: Fig, 176. 

~ara~h~somonas foramjnifera ~ucas, J. Mar. Biol. ASS; U.K. g, 1967, 
p, 330, var. "trifida'l var, nov, 

Characteristics of whole celi &own, Scales with round oval 
base-plate, 2,2 - 3.2 p X 1.5 - 2,5 p, of meshwork structure comprising , 

f pores outlined by delicate struts, Most scales '. 
out, tapering' spiGe,, 3 - 5 p& long, ';branching into 
tions where .it meets the base-plate. Tar. "trifida" 
from P, fordnifera sens, strict; by its t h e  
e more dissected nature of the scale base-pla 



l l ADDENDA 

Since t h e  completion of e a r l i e r  p a r t s  of t h i s  t h e s i s ,  

I c e r t a i n  a d d i t i o n a l  information of r e l evance  has  become 
f 

a v a i l a b l e  t o  m e .  

K r i s t i a n s e n  (1979) g ives  d e t a i l s  of 1 4  s p e c i e s  of sca le -  

bear ing  Chrysophyceae i d e n t i f i e d  by EM from poo l s  and l akes  

i n  North Wales, among which Mallomonas aca ro ides ,  

M. - t o n s u r a t a ,  M. - hamata, Mallomonopsis (Mallomonas) 

c a l c e o l u s ,  Paraphysomonas v e s t i t a ,  ~ y n u r a  p e t e r s e n i i ,  

S. e c h i n u l a t a ,  S. sphagnicola and Spin i f  eromonas t r i o r a l i s  - - 
a r e  i n  common wi th  those  found i n  t h e  p r e s e n t  s tudy 

(Sect ion  4, p. 60 - e t  seq. ) . Mallomonas hamata, a very  

r a r e  s p e c i e s ,  has  a l s o  been recorded from Denmark a second 

time (Nygaard, 1975): c f .  p -  6 9 .  

Thomsen (1978) i l l u s t r a t e s  s c a l e s  of e i g h t  previous ly  

unknown t y p e s  which he names a s  new s p e c i e s  of t h e  hel iozoan 

genus Pinaciophora.  Among t h e s e  a r e  s c a l e s  i d e n t i c a l  t o  

those  of "Unknown spec ies  C"  - from Sawley Dene ( s e e  p. 8 1  

and F i g s  209 - 2 1 0 )  which a r e  named Pinaciophora monopora 

Thomsen; t h e s e  s c a l e s  were found by g. Moestrup i n  a 

sample from Lake Esrom, Denmark. 

Light-microscope observat ions  on phagotrophy i n  Paraphysomonas I 
v e s t i t a  have been given by ~ i c h t e r  (1975) ; h i s  F igs  5 and 6 

show i n g e s t e d  o b j e c t s  withtn v e s i c l e s  which may exceed t h e  ! 
normal c e l l  diameter i n  width ( c f .  p. 9 1  and F igs  219 ,  220, e t c . )  . 

' l  Bardele  (1977) shows a t r a n s v e r s e  s e c t i o n  of a c e l l  of 
ii 

Acanthocys t i s  which inc ludes  p r o f i l e s  of s c a l e s  wi th in  
8 
8 cytoplasmic v e s i c l e s  ( c f .  p. 107, F ig .  305) ; although 
L t h e  cytoplasmic p rese rva t ion  i s  good t h e r e  i s  s t i l l  no 
! 
S i n d i c a t i o n  of how such v e s i c l e s  a r i s e  ( s e e  remarks on p.  1 1 9 ) .  
5 
!! 
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T H E  DINOFLAGELLATE TRANSVERSE FLAGELLUM: 
THREE-DIMENSIONAL RECONSTRUCTIONS FROM 

SERIAL SECTIONS1 

A7ttl~ony J.  J .  Rees and Gordon F. Leedale2 

Depart~nent o i  Fhnt Sciences, Uni\,ersity of Leeds. Leeds LS2 9JT, England 

ABSTRACT MATERIALS A N D  blETHODS 

Selifll ScCli~lU l/lroug/l in sill1 L ~ a 7 u ~ e r ~ e J f l g e ~ ~ a  of llle Prri~li~~i~trrr drrdz8,rr (0.F.M.) Ehrenb. occurred in net-plankton 
dirzo/[agellaLe Peridinium cinctum f .  irregulatum hauls taken from the snrface waters of Sawley Dene, a small lake 
( ~ i ~ ( ~ ~ , , ~ , )  ~ ~ f k ~ ~  are prese,ll&, ~ ~ ~ ~ ~ ~ ~ d i , ~ ~ j ~ , ~ ~ ~  re- in Yorksl~ire, England (National Grid ref. SE 263667), during 

co,Lslrlaclio~ls bare([ UPOIL  lallge,llial all,i radialseries June 1977. Light rnicroscopy was carried out 011 living and io- 

a helically coiled axolzcrnc lyillg exlenlal l .  and dislillcL 
dine-fixed cells using a Reicliert Zetopan tnicroscopc. Spreads of 
thecal plates allowed the organism to be idenlified irom Scliiller 

fionl acccssoT slrond Hilllerlo tlndesnibed vesicles (13) as P. ci,rclt,tn 1. imcpclal~trrr (Lindem.) Leikvre. Samples ior 
ruilliiil /he expai1dedJlagellar shenth are suggested to pro- electron microscopy were fixed at 4 C for 2 l1 in 2% Oso. mixed 
vidc a deco~iplii~g EIfecl bellueelt axonone andstrand. Tlie I:] with 5% glutaralclehyde immediately prior to addition to the 
Jagellar axis beam Lwo lyPcs o f  hair but ancltoriilg tllreads 
bcl7uecrz c i l t ~ u l u ~ s  and flarellum have not been fotind. 
fiiriclio~zal n~zd /axotzo~ic>ni/) l ical io~~ o f  IIiese &serva- 
lions arc biiejly discnsscd. 

Key index ruords: axorzemc; dii~ojlagellalc; jlagelltiin, 
Pe~icIinium;jlngelltim, r~rodel; Peridinium; s/imll~,Ja- 
gellar; lrn~uuelsejlngellzi~n, dinojlagellaLc 

Dinoflagellates are an ancient and phyletically iso- 
lated group of algae with several unique features of 
cell organization. In the order Peridiniales (Class 
Dinophyceae), a distinctive transverse flagellurn en- 
circles the cell within a surface groove, or  cingulum. 
Early observations on its form and manner of beat- 
ing were macle by ICofoid and S~sezy (6); more re- 
cent investigations have beem summarized by Lead- 
beater and Dodge (9) and Berdach (1). The flagellar 
sheath is expanded to encompass a loopecl or coiled 
axonelne and an accessory rod, the "striated strand" 
(7), but the precise relationship between the trvo has 
not been unequivocally resolved. Examination of 
dried ~vhole flagella by transmission electron mi- 
croscopy (TEM) suggested a helical axoneme coiled 
around the striated slrancl (8,9), rvhereas scanning 
electron microscopy (SEM) suggested hemihelical 
(4,10,16) or helical (1) configurations of the axo- 
netne distinct from but parallel to the strand. Mi- 
crographs of incliviclual sections of the flagellurn in 
situ have been published rvithout providing conclu- 
sive information on Ragellar form (9,15). 

Serial sections through a clinofla~ellate transverse 

NOTE: Abbreviations usccl in figutcs: n = axonelne; c = tin- 
gu$111; cru = cingulum ivall; jm = Ragellar membrane; j r  = Ra- 
gellar shealh; B = hairs; s = sulcos; .cl = strand; I f=  transverse 
flagellu~~l; 111 = tliecal plate; U = vesicles. 

PROTISTOLOGICA, 1980, T. XVI, fasc. 4, p. 565-570. 
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Anthony J.J. REES (l) 

Department of Plant Sciences, 
University of Leeds, 

Leeds, LS2 911; England. 

Deborah A. DONALDSON (2) 

Department of Botany, 
University of British Coltlmbia, 

Vancouver, B.C., Canada, V6T LW5. 

Gordon F. LEEDALE 

Department of Plant Sciences, 
University of Leeds, 

Leeds, LS2 9JT, England. 

SUMMARY 

Three types of isolated scales detected in freshwater plankton samples from Yorkshire, England, and British Columbia, 
Canada, are shown to belong to the heliozoan Rnphidocyslis tubifera Penard. New structural details of scales and whole cells 
have bee11 revealed by scanning and transmission electron microscopy and these add to the original description based upon 
light microscopy. Previous records of this species are noted and its ecological and geographical ranges are briefly discussed. 

Les auteurs dCniontrent que trois espkes d'dcailles isol6es, ddcouverles dans des Cchantillons de planctons d'eau douce 
provenant du Yorkshire. G.B., et de la Colombie britannique, au Canada, appnrtiennent Q I'hCliozoaire Roplridocyslis lubifern 
Penard. Ils rdvblent de nouveaux dttails strt~cturaux d'tcailles et de cellules entitres nu moyen de la microscopie Clectronique, 
lesquels complttent la description originale de I'espbce baste sur la microscopie optique. Ils nolent les signalisations prdalables 
de I'esptce et discutent bribvement sa ripartition Ccologique et gdographique. 

Ragellum are ~ r e s e n t d  here for ihe first time, to- FIGS. 1-3. Light rnicrograpl~s ofiodine-fixed ~~~i~ / i r~ i~ r r r rc i r~c -  1 
gether with three-dimensional reconstructions rvhich fsa, hlioptral contrast. Scale = 20 pm. FIG. I .  Apical \rien.oFcell I 

allolv all featllres of flagellar axis to be viewed (ventral surface to right) shorving transverse flagellurn partly dis- ' 
placed fro111 C ~ I I ~ ~ I I U I I I :  arrow indicates location of the tangential Manuscrit requ le 17 avril 1980; accept6 par le Comitd de lecture le 21 juin 1980. 

in their correct spatial relationships. 
series of sections. FIG. 2. Demched Ragellurn sho~ving axonenne (1) Present address: ~ e ~ a i t m e n t  of Geology, University College London, London WCIE 6BT. England. 
and flagellnr strand: arrows indicate direction of approach for (2) Present address : Department of Botany, University of Durham, DH1 3LE, England. 
sectioning. FIG. 3. Flattened thecal plates sliorving ventral suriace 
with sulcus and pare of cingolum: clotted rectangle indicates area 

'Acrr/~led: 30 Ju,tr 1979. in FIGS. 4-9. (Fila~iieot at right is bluegreen algn Annbnrrm roli- 
Address ior reprint requests. /orin.) 
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