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DAVID LIVINGSTONE; A lg a l rem ain s  in  r e c e n t  la k e  sed im en ts

ABSTRACT

The p r e s e r v a t io n  o f  a lg a l  rem ain s  and t h e i r  s t r a t i g r a p h y  in  
r e c e n t  la k e  sed im e n ts  i s  exam ined in  r e l a t i o n  to  docum ented f l u c t u a ­
t i o n s  in  th e  co m p o s itio n  and abundance o f  th e  p h y to p la n k to n  in  th e  
same l a k e s .

I d e n t i f i a b l e  rem ains  o f  n o n - s i l i c e o u s  a lg a e  w ere commonly 
re c o v e re d , b u t th e  d e g re e  o f  p r e s e r v a t io n  v a r ie d  s p e c i f i c a l l y  and 
betw een l a k e s .  S m a lle r  s p e c ie s  w ere u n d e r - r e p re s e n te d  owing to  r a p id  
d eco m p o sitio n  and s e l e c t i v e  consum ption  by h e r b iv o r e s .  L a rg e r  s p e c ie s  
w ere r e l a t i v e l y  b e t t e r  p re s e rv e d , e s p e c i a l l y  in  th e  sed im en ts  o f  th e  
more p ro d u c tiv e  la k e s  w here lo n g  annual p e r io d s  o f  a n o x ia , o r  th e  
p re se n c e  o f  an a lg a l  m at, may i n h i b i t  b a c t e r i a l  d e c o m p o sitio n .

The s t r a t i g r a p h y  o f  many a lg a l  rem a in s  from  one s i t e ,
R o sth e rn e  M ere, a c c u r a te ly  r e f l e c t e d  th e  docum ented f l u c t u a t i o n s  in  
th e  p h y to p la n k to n . T h is  c o r r e l a t i o n  e n a b le d  th e  e s ta b l is h m e n t  o f  an 
• a lg a l  chronology*  w hich p ro v id e d  in d ep en d en t v e r i f i c a t i o n  o f  r a d io ­
n u c l id e  d a t in g .  V ia b le  a k in e te s  o f  b lu e -g re e n  a lg a e  w ere re c o v e re d  
from  sed im en ts  up to  70 y e a rs  o ld .  C ores from  th e  same s i t e  in  th e  
mere showed no s i g n i f i c a n t  q u a l i t a t i v e  d i f f e r e n c e s  a l th o u g h  th e r e  
w ere q u a n t i t a t i v e  a r e ^  v a r i a t i o n s .  E s tim a te s  o f  s ta n d in g  c ro p  and 
th e  c o n c e n tr a t io n  o f  a lg a l  rem a in s  in  e i t h e r  e n tra p p e d  s e s to n  o r  th e  
sed im en ts  w ere t y p i c a l l y  w ith in  th e  same o rd e r  o f  m a g n itu d e .
E vidence i s  p re s e n te d  to  r e f u t e  th e  s u g g e s tio n  t h a t  th e  m ere has 
r e c e n t ly  become e n r ic h e d  by g u l l  e x c r e ta .

The d ia to m  s t r a t ig r a p h y  o f  two Cum brian la k e s  -  G rasm ere and 
E l te rw a te r  -  c o rre sp o n d e d  to  re c o rd e d  a l t e r a t i o n s  in  th e  p h y to p la n k to n , 
a s s o c ia te d  w ith  r e c e n t  changes in  sewage t r e a tm e n t .

S ed im en ts  r i c h  in  a lg a l  rem a in s  a re  com pared to  s im i la r  
d e p o s i t s  in  o th e r  c o u n t r ie s  and th e  p o s s i b i l i t y  t h a t  some f o s s i l  
f u e l s  o r ig in a te d  from  a lg a l  oozes i s  d is c u s s e d .
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CHAPTER ONE; INTRODUCTION

i )  P r e s e r v a t io n  in  Lake Sed im ents

O rg an ic  rem a in s  p re se rv e d  in  la k e  sed im en ts  a re  in t e g r a l  in  

many p a la e o l im n o lo g ic a l  s tu d i e s .  In  c o n ju n c tio n  w ith  ch em ica l and 

p h y s ic a l  p a ra m e te rs ,  b io lo g ic a l  a n a ly s i s  o f  sed im en t c o re s  can g iv e  a 

d e t a i l e d  i n s i g h t  i n to  p a s t  e v e n ts  in  b o th  th e  la k e  and i t s  d ra in a g e  

b a s in .  A v a r i e t y  o f  p re s e rv e d  b io lo g ic a l  rem a in s  have been i d e n t i f i e d  

in  d i f f e r e n t  ty p e s  o f la k e  sed im en t, a l th o u g h  o n ly  p o l le n  g r a in s  and 

d ia tom  f r u s t u l e s  a re  commonly found  and u sed  to  in v e s t i g a t e  changes in  

th e  f l o r a .  The m ost com plete  r e c o rd  i s  t h a t  f o r  th e  f lo w e r in g  p l a n t s ,  

s in c e  p o l l e n  g r a in s  a re  h ig h ly  r e s i s t a n t  to  d eco m p o sitio n  and p h y s ic a l  

dam age. However p a ly n o lo g y  i s  c h i e f ly  co n ce rn ed  w ith  lo n g  term  changes 

in  th e  t e r r e s t r i a l  f l o r a  o f  th e  c a tch m e n t, and n o t  d i r e c t l y  w ith  e v e n ts  

in  th e  w a te r  body i t s e l f .  The a q u a t ic  o rg an ism s re sp o n d  to  e n v iro n ­

m en ta l change r a p id l y  and annual changes a r e  r e f l e c t e d  in  b o th  s p e c ie s  

c o m p o s itio n  and abundance, m oreover th e  dom inant group  o f  o rgan ism s 

may a l t e r  s e v e r a l  tim e s  d u rin g  th e  c o u rse  o f  a  s in g le  y e a r .  U n fo rtu n ­

a t e l y  th e  a u to c h th o n o u s  f l o r a  and fa u n a  o f  many la k e s  a r e  p o o rly  

r e p r e s e n te d  in  th e  se d im en ta ry  seq u en ce , due to  t h e i r  d e l i c a t e  p h y s ic a l  

m ake-up and e a s i l y  d e g ra d a b le  chem ica l c o m p o s itio n , and th e  rem a in in g  

e v id en ce  i s  o f t e n  fra g m e n ta ry  and in c o n c lu s iv e .

The d e g re e  o f  p r e s e r v a t io n  am ongst th e  a lg a e  i s  commonly such  

t h a t  o n ly  th e  s i l i c e o u s  rem ain s  a re  fo u n d . Of th e  f r e s h w a te r  an im a ls  

o n ly  a sm a ll number a re  p re s e rv e d , m a in ly  gis th e  c h i t i n  rem ains  o f  

num erous c l a d o c e r a ,  th e  heads o f  ch iro n o m id s , sponge s p ic u le s  and th e
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s h e l l s  o f  m o llu sc s  and o s t r a c o d s .  O ther o rg a n ic  rem ain s  o c c a s io n a l ly  

found  in  l a c u s t r i n e  sed im en ts  in c lu d e  f i s h  v e r te b r a e  and s c a le s  

(P e n n in g to n  & F r o s t ,  1961 ), p la n t  t i s s u e ,  f r u i t s  and s e e d s , and fu n g a l 

hyphae ( c . f .  B irk s ,  1976 ).

i i )  A lg a l rem ains in  Lake Sed im ents

Many a lg a e  decompose q u ic k ly ,  e i t h e r  b e fo re  o r  on re a c h in g  th e  

bo ttom  muds, and hence le a v e  no r e c o r d .  I t  i s  common o n ly  to  f in d  th e  

s i l i c e o u s  rem a in s  o f  th e  d ia to m s and C hrysophyceae below  th e  s u p e r f i c i a l  

s e d im e n ts . Even t h i s  r e c o rd  may n o t  be p r e s e n t  i f  e i t h e r  th e  s i l i c a  

u n d erg o es  d i s s o lu t i o n  o r  th e  f r u s t u l e s  a r e  s u b je c te d  to  p h y s ic a l  

tu rb u le n c e  r e s u l t i n g  in  th e  d i s i n t e g r a t i o n  o f  d e l i c a t e  s p e c ie s ,  such  as 

R h iz o s o le n ia . S u f f i c i e n t  s o lu t io n  o f  s i l i c a  to  d e s tro y  th e  d i s t i n c t i v e  

m o rp h o lo g ica l f e a t u r e s  i s  uncommon in  f r e s h w a te r ,  b u t depends on 

f a c t o r s  such  a s  pH and d ep th  o f  w a te r  ( c . f .  P a rk e r ,  Conway & Y aguch i, 

1 9 7 7 ). C hrysophyceae a re  r e p re s e n te d  by s p in e s ,  s c a le s  and r e s t i n g  

c y s t s .  I d e n t i f i c a t i o n  o f  th e  s c a le s  depends on th e  d e l i c a t e  ornam enta­

t i o n  ( e .g .  T a k a h a sh i, 1 9 7 8 ). C h rysophy te  c y s t s  u s u a l ly  can n o t be 

r e l a t e d  to  a  genus o r  ta x a  b u t d e s c r ip t io n s ,  such  as  by Nygaard (1956) 

can be u sed  f o r  com parison .

D iatom  s tu d ie s  have been e x te n s iv e ly  u sed  f o r  r e s e a r c h  in to  th e  

q u a te rn a ry  sed im en ts  ( e .g .  P e n n in g to n , 1943; Round, 1957; and Haworth 

1976a) and in  th e  s tu d y  o f  s e a so n a l and annual f l u c t u a t i o n s .  T ip p e t t  

(1964) exam ined a  v a rv ed  sed im en t from  C anada and found  th e  abundance 

and s p e c ie s  co m p o sitio n  o f  d ia tom  and C hrysophyceae c y s t s  d i f f e r e d  

betw een th e  p a i re d  l a y e r s .  S im ola  (1977) s tu d ie d  th e  m icroband ing  o f 

r e c e n t  sed im en ts  and found s e a s o n a l f l u c t u a t i o n s  in  th e  d ia to m s, w h ile
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H aw orth ( i n  p r e p . )  h as  exam ined th e  in c o rp o r a t io n  o f  a d i s t i n c t i v e  

d ia to m  p o p u la t io n  in t o  th e  se d im e n ta ry  seq u en ce .

R e p o rts  o f  n o n - s i l i c e o u s  a lg a l  g ro u p s  found  p re s e rv e d  in  la k e  

se d im e n ts  have come m a in ly  from  o u ts id e  th e  B r i t i s h  I s l e s  and n o ta b ly  

from  th e  USSR. Korde ( e .g .  I960  and 1966) r e c o rd s  a  g r e a t  number o f  

a lg a l  rem a in s  in  th e  h ig h ly  o rg a n ic  muds and oozes (known as * sa p ro p e ls* )  

from  a  s e r i e s  o f  R u ss ian  l a k e s .  She h as  fo u n d  a  v a r i e ty  o f  a lg a l  

ta x a ,  in c lu d in g  r e p r e s e n t a t iv e s  o f  th e  C h lo ro p h y c eae , Cyanophyceae and 

D inophyceae ( s e e  T a b le  l a ) .  Some o f  th e  s a p ro p e ls  c o n s i s t  a lm ost 

e n t i r e l y  o f  a  s in g le  a lg a ,  and Korde i s  a b le  to  c l s i s s i f y  th e  sed im en ts  

a c c o rd in g  to  th e  dom inant a lg a l  g ro u p , e . g .  P h aco tu s  g y t t j a .  In  th e  

v a rv e d  se d im e n ts  o f  Leüce Z u r ic h , Nipkow ( l 92?) re c o rd e d  th e  rem ains o f  

P h a c o tu s , C era tiu m  and D inobryon c y s t s  and S ta u ra s t ru m . B irk s  (1976) 

i d e n t i f i e d  P e d ia s tru m , B o try o c o c c u s , T e t r a e d ro n , Scenedesm us, C o e la s tru m , 

T etradesm us and G lo e o t r i c h ia  in  sam ples from  W olf C reek , M inneso ta . 

S p e c ie s  o f  S ta u ra s tru m  and P e d ia s tru m  have been  found in  a 200 m -long 

c o re  from  Lake Biwa, Ja p a n  ( e . g .  K ado ta , 1976) w h ile  th e  l a t t e r  i s  

o f te n  fo u n d  on p o l le n  p r e p a r a t io n s  ( e . g .  A lhonen & R is tl lu o m a , 1 9 7 3 ). 

Desmids a re  t y p i c a l l y  f a i r l y  r e s i s t a n t  and may be found  in  some p o s t­

g l a c i a l  d e p o s i t s  ( e .g .  Messikommer, 1 9 3 8 ).

A lthough  th e  c e l l s  o f te n  decom pose, a lg a l  g roups may som etim es 

be i d e n t i f i e d  by a n a ly s i s  o f  th e  o rg a n ic  compounds rem a in in g  in  th e  

d e p o s i t s  ( s e e  rev iew  by P h i lp ,  M axwell & E g l in g to n , 1 9 7 6 ). C h lo ro p h y ll 

d e g ra d a tio n  p ro d u c ts  have been c o r r e l a t e d  w ith  p a s t  f e r t i l i t y  ( e .g .  

Gorham, I9 6 0 ; B e lc h e r & Fogg, 1 9 6 4 ), b u t s in c e  th e  s p e c i f i c  o r ig in  o f 

th e s e  p ro d u c ts  i s  u n c e r t a in  th e  i n t e r p r e t a t i o n  o f  th e  r e s u l t s  may be 

m is le a d in g . However Z u l l ig  ( l 9 6 l )  r e l a t e d  m yxoxanthophyll to  th e  

abundance o f  b lu e -g re e n  a lg a e ,  w h ile  o s c i l l a x a n t h in  i s  s p e c i f i c  to  th e
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T ab le  l a  N o n -s i l ic e o u s  a lg a l  rem a in s  re c o rd e d  in  

la k e  sed im en ts  from  th e  USSR

1 . C h lo rophyceae

B o try o co ccu s
C o e las tru m
Cosmarium
E uastrum
P e d ia s tru m

P h aco tu s
Scenedesm us
S ta u ra s tru m
T e tra e d ro n

2 . Cyanophyceae

A nabaena 
Aphanizomenon 
A phanocapsa 
A phanothece 
G loeo cap sa

G lo eo th ece
G lo e o t r i c h ia
Lyngbya
M ic ro c y s tis
Phormidium

3 . D inophyceae

C era tiu m P e r id in iu m

(from  K orde, 1966)
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g e n e ra  O s c i l l a t o r i a  (Brown & Colman, 1963) and has been u sed  to  s tu d y  

p a s t  p o p u la tio n s  ( G r i f f i t h s ,  1 9 7 8 ). C ranw ell (1976) s tu d ie d  th e  

breakdown o f  C era tiu m  h i r u n d i n e l l a  O .F . M u lle r and th e  s u b se q u e n tly  

form ed o rg a n ic  compounds in  th e  se d im e n ts .

i i i )  The p r e s e r v a t io n  o f  a lg a l  sequence

T h is  t h e s i s  exam ines th e  p r e s e r v a t io n  o f  a lg a l  rem a in s  and 

t h e i r  s t r a t i g r a p h y  in  r e c e n t  la k e  sed im en ts  in  r e l a t i o n  to  docum ented 

f l u c t u a t i o n s  in  th e  c o m p o sitio n  and abundance o f  th e  p h y to p la n k to n  in  

th e  same l a k e s .

A lthough  th e r e  have been  many a lg a l  ta x a  r e p o r te d  to  have been 

p re se rv e d  in  th e  sed im en ts  o f  R u ss ian  l a k e s ,  few w orkers  in  th e  

B r i t i s h  I s l e s  have so u g h t n o n - s i l i c e o u s  re m a in s . I n s te a d  b o ta n i s t s  

have chosen  to  d ig e s t  th e  muds w ith  ch e m ic a ls  ( e .g .  c o n c e n tra te d  a c id s  

and hydrogen f lo u r i d e )  in  o rd e r  to  c le a n  and c o n c e n tra te  th e  m a te r i a l .

In  t h i s  s tu d y  th e  e x am in a tio n  o f  f r e s h  sed im en t has p reced ed  any 

d ig e s t io n  o r  s e p a r a t io n  te c h n iq u e s .

H i s to r i c a l  r e c o rd s  can  be o f  p a la e o lim n o lo g ic a l  v a lu e  in  t h a t  

th ey  may e n a b le  th e  b io s t r a t ig r a p h y  o f  sed im en t c o re s  to  be q u a l i t a t i v e l y  

and q u a n t i t a t i v e l y  com pared w ith  p a s t  assem b lages in  th e  l a k e .

D e ta i le d  a lg o lo g ic a l  r e c o rd s  e x i s t  o n ly  f o r  a  sm a ll number o f  la k e s  in  

B r i t a in  and many o f  th e s e  a re  f o r  s i t e s  w ith in  th e  E n g lis h  Lake D i s t r i c t .  

A l te r a t io n s  in  a lg a l  co m p o s itio n  o r  abundance in  th e  s t r a t ig r a p h y  can  

be d a te d  i f  s u f f i c i e n t l y  d e t a i l e d ,  docum entary  ev id en ce  i s  a v a i la b le  

and th e  se d im e n ta ry  r e c o rd  h as  rem ained  b o th  o rd e re d  and d i s c r e t e .

T h is  'a lg a l  chrono logy*  may be com pared w ith  o th e r  te c h n iq u e s  o f  d a t in g  

re c e n t sed im en ts  ( e . g .  r a d io n u c l id e s ) .
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iv )  R a d io n u c lid e  d a t in g  o f  r e c e n t  se d im e n ts

The d a t in g  o f  r e c e n t  d e p o s i t s  in  t h i s  s tu d y  em ploys b o th  

caesium -137  and le a d -2 1 0 .  C aesium -137 can  e s t a b l i s h  th e  p o s i t io n  o f  

th e  1963 h o r iz o n  (an d  o f te n  t h a t  o f  1954 a s  v e i l )  w h ile  le a d -2 1 0  can 

d a te  sed im en t d e p o s i te d  o v e r th e  la is t  100 to  150 y e a r s .

C aesium -137 i s  a  man-made r a d io n u c l id e  ( h a l f - l i f e  30 y e a r s )  

p ro d u ced  by th e  d e to n a t io n  o f  a  n u c le a r  d e v ic e .  S ig n i f i c a n t  l e v e l s  

o f  f a l l o u t  in  th e  a tm osphere  w ere f i r s t  d e te c te d  w ith  th e  adven t o f  

n u c le a r  weapons t e s t i n g  in  1954 and re a c h e d  a  peak  in  1963 (Cambray e t . a l . , 

1971 ) .  C s-137 d e p o s i te d  on a  la k e  s u r f a c e  q u ic k ly  becomes ad so rb ed  by

th e  suspended  m a te r ia l  in  th e  w a te r  colum n and i s  d e p o s ite d  on th e  la k e  

b o tto m . The C s-137 i s  bound t i g h t l y  o n to  th e  sed im en t m a te r ia l  and 

th e r e  i s  v e ry  l i t t l e  d i f f u s io n  o f  th e  C s-137 atom (Tam ura, 1 9 6 4 ).

C s-137 f a l l i n g  o n to  th e  s o i l  a l s o  becom es ad so rb ed  on s m a l l - s iz e  

p a r t i c l e s  and o rg a n ic  m a t te r  (D a v is , 1963; Tam ura, 19&4) and su b se q u en t 

movement from  th e  p o in t  o f  d e p o s i t io n  i s  by p h y s ic a l  p ro c e s se s  such  as 

e ro s io n  (Rogowski & Tam ura, 1 9 7 0 ). The d i s t r i b u t i o n  p a t t e r n  o f  C s-137 

w ith in  la k e  sed im en t c o re s  has been shown to  be a  r e l i a b l e  m ethod o f  

d a t in g  (P e n n in g to n , Cambray & F is h e r ,  1973; R i t c h ie ,  McHenry & G i l l ,

1973 ) .  C om parison o f  d e p o s i t io n  r a t e s  by C s-137 w ith  su rv e y in g  

te c h n iq u e s  h as  shown th e  e s t im a te s  to  be w i th in  10% o f  each  o th e r  

( R i t c h ie  & McHenry, 1 9 7 7 ). The m ethod i s  n o t  a p p l ic a b le  i f  l a r g e  

s c a le  m ixing  o f  th e  sed im en t o c c u r s .

L ead-210 i s  a n a t u r a l l y  o c c u r in g  i s o to p e  w ith  a  h a l f  l i f e  o f  

22 .26  y e a r s .  T h ere  a re  two s o u rc e s  o f  Pb-210 in  th e  se d im e n ts , ( I )  

th a t  from  th e  d e p o s i t io n  o f  Pb-210 in t o  th e  w a te r  body w hich i s  known 

as  th e  ’un su p p o rted *  f r a c t i o n  and (2 )  Pb-210 p roduced  as  a  decay  p ro d u c t 

o f  th e  n a t u r a l l y  o c c u r in g  rad iu m -2 2 6 , t h i s  i s  known a s  th e  's u p p o rte d *
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f r a c t i o n .  The a d d i t io n  o f  su p p o rte d  and u n su p p o rte d  Pb-210 g iv e s  th e  

* t o t a l  * l e a d .

The le a d -2 1 0  te c h n iq u e  has been  s u c c e s s f u l ly  u se d  in  b o th  

f r e s h w a te r  ( e . g .  P en n in g to n  e t  a l . ,  1976) and m a rin e  sed im en ts  ( e .g .  

K o ide , S o u ta r  & G o ld b erg , 1 9 7 2 ).

v )  The s i t e s

The s i t e s  chosen  f o r  t h i s  s tu d y  r e p r e s e n t  a  w ide s p re a d  o f  

la k e  and sed im en t ty p e s .  T here  w ere two c r i t e r i a  u sed  in  th e  s e l e c t i o n ,  

f i r s t l y  t h a t  a  ra n g e  o f  a lg a l  s p e c ie s  and s ta n d in g  c ro p s  was r e p re s e n te d  

and se c o n d ly  t h a t  p h y to p la n k to n  r e c o rd s  e x i s t e d  f o r  some o f  th e  s i t e s ,  

p a r t i c u l a r l y  i f  th e r e  had been a  r e c e n t  change in  th e  c o m p o sitio n  o r  

s i z e  o f  th e  aissem blage.

S i t e s  in  th e  E n g lis h  Lake D i s t r i c t  w ere cho sen  p r im a r i ly  b ecau se  

Dr J .V .6 .  Lund has s tu d ie d  many o f  th e  la k e s  and a  w e a lth  o f  p hy to ­

p la n k to n  d a t a  (p u b lis h e d  and u n p u b lish e d )  was k in d ly  made a v a i la b le  f o r  

t h i s  s tudy . The Lake D i s t r i c t  c o n ta in s  la k e s  o f  v a ry in g  t r o p h ic  s t a t u s  

( s e e  Macan, 1970) b u t c o n t r a s t in g  s i t e s  w ere a l s o  so u g h t in  N.V. S c o tla n d  

and in  th e  lo w lan d  a re a s  o f  S h ro p s h ire -C h e s h ire  and N o rfo lk .
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CHAPTER TWO

SEDIMENT CORES -  METHODS
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CHAPTER TWO: SEDIMENT CORES -  METHODS

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

The p ro c e d u re s  have been c a r r i e d  o u t to  a c h ie v e  s im i la r  s ta n d a rd s  

o f  a c c u ra c y  and p r e c i s io n ,  b o th  betw een and w ith in  c o r e s .  D e p a r tu re s  

from  th e  m ethods d e s c r ib e d  in  t h i s  c h a p te r  w i l l  be found  e lse w h e re .

i i )  C o re rs

T h ree  d i f f e r e n t  ty p e s  o f  c o r e r  w ere u sed  d u r in g  th e  s tu d y .

A ll can  sam ple th e  se d im e n t-w a te r  i n t e r f a c e  w ith o u t d i s r u p t io n ,  and 

d i f f e r  o n ly  in  th e  mode o f  o p e ra t io n  and in  th e  amount o f  m a te r ia l  th e y  

c o l l e c t .

The M ackereth  one m e tre  " m in ic o re r” (M ack ere th , 1 9 6 9 ), a 

d e r iv a t iv e  o f  a  6 m model (M ackere th , 1 9 5 8 ), i s  a  p n eu raa ticad ly  o p e ra te d  

c o r e r  d e s ig n e d  to  ta k e  a  1 m -long c o re .  Two m odels w ere u se d , one w ith  

a  c o re  tu b e  o f  d ia m e te r  6 .5  cm and th e  o th e r  o f  5 .5  cm. The c l e a r  

P e rsp ex  tu b in g  e n a b le s  th e  o p e ra to r  to  in s p e c t  th e  c o re  b e fo re  e x t ru s io n  

to  co n firm  t h a t  th e  i n t e r f a c e  h as  been  c o l l e c t e d  w ith o u t d is tu r b a n c e .

The J e n k in  s u r f a c e  mud sam p ler i s  o u t l in e d  by M ortim er (1942) 

and f u l l y  d e s c r ib e d  by Macan (1 9 7 0 ) . A c o re  o f  betw een 8 and 15 cm 

(and  d ia m e te r  7 .0  cm) i s  u s u a l ly  ta k e n  w ith  th e  sa m p le r , depending  on 

th e  w e ig h t o f  th e  c o re r  and th e  ty p e  o f  s e d im e n t. The c o re  tu b e s  w ere 

m o d ified  by a  s e r i e s  o f  1 mm-wide h o le s  a t  1 cm i n t e r v a l s  i n s e r t e d  in  

th e  low er 20 cm ( C o l l in s  je t , 1 9 7 3 ). T hese w ere s e a le d  by w a te r­

p ro o f a d h e s iv e  ta p e  d u r in g  th e  o p e ra t io n  o f  th e  sa m p le r . The s h u t t in g  

o f  th e  l i d s  may p o t e n t i a l l y  d i s r u p t  th e  se d im e n ts  by p ush ing  th e  c o re  

up in to  th e  tu b e .  However, d is tu r b a n c e  o f  th e  f lo c c u la n t  i n t e r f a c e  i s  

e a s i l y  seen  th ro u g h  th e  p e rsp e x  tu b e  and c o re s  t h a t  ap p ea red  to  have 

been d is tu r b e d  w ere d is c a rd e d .
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The FBA G ilso n  c o re r  ( o u t l in e d  in  Macan, 1970) i s  a  p o r ta b le  

g r a v i t y  c o r e r .  The c o re  tu b e  i s  30 cm lo n g  and 5 .3  cm in  d ia m e te r .

The le n g th  o f  sed im en t column sam pled depends on th e  w e ig h t lo a d e d  

o n to  th e  in s tru m e n t.  T h is  c o re r  was o n ly  u se d  w here i t s  p o r t a b i l i t y  

was an a s s e t ,  e . g .  some rem ote  lo c h s  in  N o rth e rn  S c o tla n d .

i i i )  E x tru s io n  and s to r a g e  o f  c o re s

Where p r a c t i c a b l e  th e  c o re s  w ere e x tru d e d  by th e  l a k e - s i d e ,  

a l th o u g h  th e y  w ere b ro u g h t back to  th e  l a b o r a to r y  i f  o b ta in e d  from  th e

im m ediate v i c i n i t y .  D u p lic a te  o r  s p a re  c o r e s ,  n o t  e x tru d e d , w ere

s to r e d  in  th e  d a rk  a t  6 -  2°C .

The e x t r a c t i o n  o f  c o re s  ta k e n  w ith  th e  m in ic o re r  i s  by h y d ra u l ic  

p r e s s u re  a c t in g  on a  ru b b e r  p is to n  w hich  p u sh es  th e  sed im en t column up

th e  tu b e .  T h is  can  be p erfo rm ed  in  a  c o n t r o l l e d  m anner such  t h a t

sam ples o f  a c c u r a te ly  known d im en sio n s  can  be o b ta in e d .  In  m ost c a s e s  

th e  c o re s  w ere e x tru d e d  in to  1 cm th ic k  s l i c e s ,  th e  u p p er 20 o r  30 cm 

in  c o n tig u o u s  s e c t io n s  and th e  rem a in d er a t  i n t e r v a l s  o f  5 o r  10 cm.

The sam ples w ere th e n  p la c e d  in  p l a s t i c  beigs and t i g h t l y  s e a le d  by a  

ru b b e r  band o r  w a te rp ro o f  ta p e .

B e fo re  sam ples w ere e x t r a c te d  from  th e  J e n k in  c o r e r ,  th e  tu b e  

was f i r s t  d ra in e d  o f  th e  o v e r ly in g  w a te r  by s t r i p p i n g  th e  ta p e  from  th e  

h o le s  above th e  sed im en t i n t e r f a c e .  A 1 ml g ra d u a te d  s y r in g e ,  f i t t e d  

w ith  a  h y p o d erm ic  n e e d le ,  was th e n  pushed  th ro u g h  th e  ta p e  and 0 .5  ml 

o f  sed im en t e x t r a c te d .  C are  was ta k e n  to  e n s u re  th e  n e e d le  wais k e p t 

in  th e  same v e r t i c a l  p la n e  w h i ls t  an a r e a  d e s c r ib e d  by a  h o r iz o n ta l  a rc  

was sam pled . The sam ples w ere p la c e d  in  g la s s  v i a l s  w ith  t i g h t - f i t t i n g  

l i d s .

The G ilso n  c o re s  w ere e x tru d e d  in  a  s im i l a r  m anner to  t h a t  o f  

th e  m in ic o re r ,  e x c e p t t h a t  th e  p i s to n  was m e c h a n ic a lly  moved by a
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p lu n g e r  and n o t by h y d ra u l ic  p r e s s u r e .  The s e c t io n s  can n o t be c u t  to  

th e  same p r e c i s io n  as th e  m in ic o re r .  The to p  5 o r  10 cm w ere s l i c e d  

in t o  1 c m -th ic k  s e c t io n s  and p la c e d  in  p le is t ic  bags w hich w ere t i g h t l y  

s e a le d .

A ll  c o re  sam ples w ere s to r e d  in  th e  d a rk  a t  6 -  2®C.

iv )  P r e p a r a t io n ,  en u m era tio n  and i d e n t i f i c a t i o n

E x am in a tio n  o f  f r e s h  sed im en t f o r  a lg a l  rem ains was c a r r i e d  o u t 

on d i l u t e d  m a t e r i a l .  The c o re  s e c t io n s  s to r e d  in  p la is t ic  bags w ere 

f i r s t  m ixed , by hand , and th e n  sam p led  u s in g  a  g ra d u a te d  1 ml s y r in g e  

w ith o u t a  n e e d le .  I t  was u s u a l  to  e x t r a c t  0 .5  ml o f  f r e s h  sed im en t and 

d i l u t e  w ith  t h r e e  e q u a l p a r t s  o f  a  1:1 m ix tu re  o f  g y c e r o l : d i s t i l l e d  

w a te r .  F u r th e r  d i l u t i o n  was o f te n  n e c e s s a ry ,  depend ing  on th e  concen­

t r a t i o n  o f  o rg a n ic  and m in e ra l p a r t i c l e s .  The g y c e ro l e n s u re s  t h a t  th e  

su b -sam p les  do n o t  d ry  o u t w h i l s t  th e y  a re  b e in g  c o u n te d . The d i l u t e d  

sam ples w ere k e p t in  a i r - t i g h t  v i a l s  and p la c e d  in  a  r e f r i g e r a t o r  

(6 -  2®C) u n t i l  exam ined. The J e n k in  c o re  m a te r ia l  was d i l u t e d  in  th e  

same m anner.

S l id e s  from  th e  su b -sa m p le s  w ere made by ta k in g  10 p i  a l iq u o t s  

w ith  an E ppendorf p i p e t t e  and th e n  c a r e f u l l y  p la c in g  a  22 ram sq u a re  

cover s l i p  o v e r  th e  d ro p . Most o f  th e  s l i d e s  enum erated  c o n ta in e d  20 p i  

o f  th e  d i l u t i o n .  To e n s u re  an even  co v era g e  o v e r th e  c o v e r s l i p  a  drop  

o f  d i s t i l l e d  w a te r  was added , som etim es c o n ta in in g  a  s t a i n in g  a g e n t .  

M ethylene b lu e  was u sed  to  s t a i n  up m u c ilag e  w h ile  In d ia n  in k  and io d in e  

w ere u sed  to  f a c i l i t a t e  i d e n t i f i c a t i o n  o f  p a r t i c u l a r  s p e c ie s .  The 

s l i d e s  w ere c o u n te d  on a  V ic k e rs  P h o to p la n  M41 a t  m a g n if ic a t io n s  o f  

X 100 and x 20 0 , a l th o u g h  th e  taxonomy was o f te n  perfo rm ed  a t  h ig h e r  

pow ers. In  e v e ry  c a s e  th e  w hole s l i d e  wais scan n ed .
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C hem ical d ig e s t io n s  o f  th e  sed im en t w ere c a r r i e d  o u t to  remove 

o rg a n ic  o r  m in e ra l f r a c t i o n s ,  th u s  c o n c e n tr a t in g  th e  a lg a e  under 

e x a m in a tio n . A known volume o f  f r e s h  sed im en t was o b ta in e d  by sam pling  

w ith  a  1 ml g ra d u a te d  s y r in g e  w ith o u t a  n e e d le .  O rgan ic  m a tte r  was 

d ig e s te d  u s in g  a  m ix tu re  o f  chrom ic a c id  and hydrogen p e ro x id e  (B a rb e r , 

1 9 6 2 ). The d ig e s t io n  was l e f t  o v e rn ig h t and th e n  th e  a c id  removed by 

r e p e a te d  c e n t r i f u g in g ,  d e c a n tin g  and w ashing w ith  d i s t i l l e d  w a te r .

Sam ples o f  th e  c le a n e d  m a te r ia l  w ere re -s u sp e n d e d  in  d i s t i l l e d  w a te r  to  

a  known volum e. T h is  was su b -sam pled  w ith  a  10 p i  E ppendorf p i p e t t e  

and d r ie d  o n to  a  c o v e r  s l i p .  Perm anent m ounts w ere p re p a re d  w ith  

"N aphrax" d ia tom  m ountan t ( r e f r a c t i v e  in d ex  1 .7 4 ) .  The co m p le te  s l i d e  

was enum era ted  a t  m a g n if ic a t io n s  o f  x 400 and x 1000 u n d er p hase  c o n t r a s t .

D ig e s t io n s  w ere a l s o  c a r r i e d  o u t u s in g  IN h y d ro c h lo r ic  a c id  

o r  10% p o ta ss iu m  h y d ro x id e . The alksLLine tre a tm e n t d e s tro y s  th e  s i l i c a  

com ponent o f  th e  sed im en t w h i l s t  th e  a c id  d ig e s t s  some o f  th e  o rg a n ic  

m a t te r ,  le a v in g  th e  r e s i s t a n t  p a r t s  o f  some a lg a e  i n t a c t .  T hese 

m ethods w ere u sed  f o r  o n ly  a  sm a ll number o f  sam p les .

T axonoi^  f o r  th e  d ia to m s i s  b ased  on H u ste d t (1930; 1930-1966; 

and 1 9 5 0 ), a lth o u g h  r e f e r e n c e  was made to  C le v e -E u le r  (1 9 5 1 -1 9 5 5 ),

Schm idt (1873-1959) and P a t r i c k  & Reim er (1966; 1 9 7 5 ). C y s ts  o f  th e  

C hrysophyceae w ere com pared w ith  th o s e  i l l u s t r a t e d  in  N ygaard (1 9 5 6 ) . 

B lu e -g re e n  a lg a e  w ere i d e n t i f i e d  a c c o rd in g  to  Komarek in  Komarek & E t t l  

( 1958) ,  o th e r  works u se d  in c lu d e d  S tarm ach  (1966) and R ippka e t  a l .

( 1979) .  B e lc h e r  & Swale (1 9 7 6 ), B o u r r e l ly  (1966; 1968; 1970) and West 

& F r i t s c h |w e r e  a l s o  c o n s u l te d .  E x te n s iv e  u se  was made o f  th e  F r i t s c h  

C o l le c t io n  o f  A lgae I l l u s t r a t i o n s  (housed  a t  th e  F re sh w a te r  B io lo g ic a l  

A s s o c ia t io n ) .
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v )  C hem istry

P e rc e n ta g e  w a te r  c o n te n t  was e s t im a te d  by d ry in g  a p p ro x im a te ly  

10 g o f  f r e s h  sed im en t a t  100 -  5°C u n t i l  c o n s ta n t  w eig h t was a c h ie v e d . 

The sam ples w ere s to r e d  in  a  d e s i c c a to r .  C arbon , hydrogen and n i t r o g e n  

w ere a s s e s s e d  w ith  a  H e w le tt-P a c k a rd  P & M S c i e n t i f i c  185 a n a ly z e r  on 

d u p l i c a t e  sam p les .

v i )  R a d io n u c lid e  d a t in g

The r a d io n u c l id e  d a t in g  was c a r r i e d  o u t by th e  Atomic Energy 

R e se a rc h  E s ta b lis h m e n t,  H a rw e ll.

Cs-137 d a t in g  was perfo rm ed  u s in g  th e  m ethods o f  sam ple p re p a ra ­

t i o n  and a n a ly s i s  g iv en  in  P e n n in g to n  e t  a l .  (1 9 7 3 ) . Sam ples w ere 

d r i e d  and a n a ly se d  by gamma-ray sp e c tro m e try  (Salm on & C reevy , 1971) 

u s in g  germanium ( l i th iu m )  d e t e c t o r s .  Pb-210 a n a ly s i s  was c a r r i e d  o u t 

a s  d e s c r ib e d  in  P en n in g to n  e t  a l .  (1 9 7 6 ) . The t o t a l  Pb-210 was 

d e te rm in e d  by th e  a c t i v i t y  o f  i t s  a lp h a  e m it t in g  d a u g h te r , po lon ium -210 , 

w h i l s t  th e  s u p p o r te d  f r a c t i o n  was d e te rm in e d  by meeisurement o f  i t s  

rad ium -226  p a r e n t .

v i i )  X -rad io g rap h y

X -rad io g rap h y  was perfo rm ed  à t  th e  N o rth  W estern  F o re n s ic  S c ie n c e  

L a b o ra to ry , C h o rle y . A S can ray  DOA 200 X -ray  tu b e  was ru n  a t  80 kV 

f o r  6 mA m in u te s  w ith  a  SFD o f  107 cm.
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CHAPTER THREE; SEDIMENT CORES FROM HIGHLAND BRITAIN

INTRODUCTION

T h is  c h a p te r  i s  co n ce rn ed  w ith  two a s p e c ts  o f  th e  p r e s e r v a t io n  

o f  a lg a e  and th e  a lg a l  r e c o rd  in  r e c e n t  s e d im e n ts .  F i r s t l y  non- 

s i l i c e o u s  a lg a l  rem ain s  have been  so u g h t in  h ig h la n d  la k e s  o f  d i f f e r i n g  

t r o p h ic  s t a t u s  and se c o n d ly  th e  d ia to m  s t r a t i g r a p h y ,  in  two l a k e s ,  has 

been  com pared w ith  docum ented ch anges in  th e  p h y to p la n k to n .

A. ALGAL REMAINS

1 . INTRODUCTION

The s i t e s  i n v e s t ig a t e d  i l l u s t r a t e  a v id e  ra n g e  o f  la k e  ty p e s  

w i th in  th e  h ig h la n d  re g io n s  o f  th e  E n g lis h  Lake D i s t r i c t  and n o r th -w e s t 

S c o tla n d  ( f ig u r e s  3 .1  and 3 .2 ) .

The la k e s  o f  th e  E n g lis h  Lake D i s t r i c t  have been th e  s u b je c t  o f 

in t e n s iv e  b io lo g ic a l  s tu d ie s  ( s e e  Macan, 1970) and th e r e  i s  a  w e a lth  o f  

a lg o lo g ic a l  d a ta  c o v e rin g  many y e a r s .  The p h y to p la n k to n  co m p o s itio n , 

and abundance, o f  th e  o l i g o t r o p h ic  l a k e s ,  su ch  a s  V a s tv a te r ,  p ro v id e s  a  

c o n t r a s t  to  th e  p ro d u c tiv e  w a te r  b o d ie s  such  a s  B s th w a ite  W ater and 

B lelham  T a m . The S c o t t i s h  lo c h s  in v e s t ig a t e d  v a ry  from  a  m arl la k e  

to  an a c id  brow n-w ater s i t e ;  th e y  a r e  a  c o n t r a s t  to  many o f  th e  r i c h e r  

C um brian s i t e s  in  t h a t  th e y  r e c e iv e  l i t t l e  sewaige e f f l u e n t .

The p h y s ic a l  c h a r a c t e r i s t i c s  o f  th e  s i t e s  a r e  g iv e n  in  t a b l e  3a. 

The c o re s  w ere u s u a l ly  ta k e n  frcwn th e  d e e p e s t  a r e a  o f  each  la k e  and th e  

s u r f a c e  sed im en ts  w ere exam ined f o r  a lg a l  re m a in s . A ll  th e  d e p o s i t s  

c o n ta in e d  d ia tom  f r u s t u l e s ;  o n ly  th e  n o n - s i l i c e o u s  rem a in s  a re  

c o n s id e re d  in  t h i s  s e c t i o n .
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fig u re  3.2
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T ab le  3a P h y s ic a l C h a r a c t e r i s t i c s
26

E s th w a ite
(SD360965)

B le lham
(NY365005)

G rasm ere
(NY340063)

E l te r w a te r
(NY335042)

W inderm ere S 
(SD383915)

C o n is to n
(SD300940)

W astw ater 
(NYI65060)

C la i r
(NH002570)

U r i g i l l  
(NC245100)

B o rro la n
(NC265105)

Cam
(NC210135)

n a ’T h u i l l
(NC244503)

B o r r a l l i e  
(NC382670)

1 . 0  

0.1  

0 .6  

0.1  

6 .7

4 .9

2 .9  

0 .5  

2 . 2  

0 .5  

2 . 6  

0 .3  

0 .3

15 .5

15.1

2 1 .5

7 .0  

4 2 , 0  

56.0

78 .6  

2 8 .3

1 2 . 2

7 .0  

37 .2  

1 9 .0  

1 3 .0

65

45

62

57

39 

50 

61 

92

167

152

137

40 

15

17.1

2 .9

2 7 .9

6 0 .7

4 8 .5

1239

1000

1550

1197

290

17

5

100

50

la k e  
( n a t io n a l  
g r id  r e f . )

a r e a
(km2)

max
d e p th

(m)

a l t .
(m)

c a tc h .
a re a
(km2)

pop.

la k e  a r e a ,  maximum d e p th , a l t i t u d e  above s e a  l e v e l ,  a r e a  o f  ca tch m e n t, 
p o p u la tio n  o f  ca tchm en t p e r  km^ o f  la k e  a r e a .

SOURCES: P en n in g to n  (1 9 7 8 ), Macan (1 9 7 0 ) , Gorham e t  a l . (1 9 7 4 ).
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2 . PHYTOPLANKTON

The p h y to p la n k to n  d e s c r ip t io n s  f o r  th e  E n g lish  Lake D i s t r i c t  a re  

b a se d  on th e  p u b lis h e d  and u n p u b lish e d  d a t a  o f  Dr J .V .G . Lund F .R .S .

The a lg a e  d e s c r ib e d  a re  th o s e  w hich have become common d u r in g  th e  l a s t  

few  y e a r s .

The S c o t t i s h  lo c h s  have been l e s s  i n t e n s iv e l y  s tu d ie d  and th e  , 

s i t e s  cho sen  have no p a s t  p la n k to n  r e c o r d s .  C o l le c t io n s  w ere madè on 

f i e l d  e x c u r s io n s  w ith  a  n e t  o r ,  l e s s  f r e q u e n t ly ,  a  5 m tu b e  (Lund & 

T a i l i n g ,  1 9 5 7 ).

i .  E n g l is h  Lake D i s t r i c t

The p h y to p la n k to n  o f  th e  Cumbrian la k e s  can  be c h a r a c te r i s e d  

b o th  by th e  f re q u e n c y , o r  abundance, o f  p a r t i c u l a r  a lg a e  and by th e  

ab sen ce  o r  r a r i t y  o f  o th e r s .  Many o f  th e  s p e c ie s  w hich a r e  commonly 

th o u g h t o f  a s  ’ ty p ic a l*  o f  o l ig o t r o p h ic  w a te rs  can  be found  in  e u tro p h ic  

la k e s .  F o r exam ple E s th w a ite  W ater, a  p ro d u c tiv e  la k e ,  h as  had abundant 

p o p u la tio n s  o f  desm ids and D inobryon in  r e c e n t  y e a r s .  However th e  

c o n v e rse  i s  n o t  t r u e  in  t h a t  o l i g o t r o p h ic  la k e s  do n o t  have l a r g e  c ro p s  

o f d i n o f l a g e l l a t e s  o r  b lu e -g re e n  a lg a e .

Gorham e t  a l . (1974) c o n s id e re d  th e  a lg a e  o f  many Cumbrian w a te r s ,  

and d e m o n s tra te d  t h a t  th e  more p ro d u c tiv e  la k e s  have b o th  more b lu e -  

g reen  and l a r g e  a lg a e  and a l s o  more }^>algae w hich  dom in a te  o l i g o t r o p h ic  

w a te rs  ( t a b l e  3 b ) .

The p h y to p la n k to n  c o m p o sitio n  o f  E s th w a ite ,  B le lham , G rasm ere, 

W indermere and C o n is to n  shows many s i m i l a r i t i e s  and th e y  d i f f e r  o n ly  in  

th e  abundance o f  p a r t i c u l a r  s p e c ie s .  In  g e n e ra l  te rra s , C o n is to n  may be 

c o n s id e re d  a s  a  ’ d i lu te *  W inderm ere w hich in  tu r n  i s  l e s s  r i c h  th a n , 

say , B le lham . C era tiu m  h i r u n d i n e l l a  O .F . M u lle r  i s  t y p i c a l  o f  th e s e
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T ab le  3b A verage s ta n d in g  c ro p s  o f  a lg a e  in  th e  E n g lish  Lakes 

(from  Gorham, Lund, Sanger & Dean, 1974)

Lake p -a lg a e  
c e l l s  ml”

" la r g e " a lg a e  
c e l l s  ml” **

b lu e -g re e n  a lg a e  
in d iv .  ml” '

A pprox.
d ry
w eigh t

V a s tw a te r 650 3 0 23

E l te rw a te r - 144 5 490

C o n is to n 2650 238 0 790

G rasm ere - 280 1 910

W inderm ere (SB) 4746 799 24 2800

B lelham 4766 1110 8 3600

E s th w a ite 2116 1849 114 6800

D ata  a re  means o f  sam ples ta k e n  1949-1951, 1955-1956 and 1961-1963, by 
J.W .G . Lund.

"L arge a lg a e "  -  r e t a in e d  by 65 p  n e t  b u t a l s o  in c lu d e s  th e  l a r g e r
n a n n o p la n k te rs  b ecau se  th e y  w ere l a r g e  enough to  be 
e s t im a te d  a t  low m a g n if ic a t io n .

"Ur-algae" -  u s u a l ly  ta k e n  to  be th e  ta x a  n o t  r e t a in e d  by a  tow net 
( s e e  H u tch in so n , 1 9 6 7 ).

n o te ;  th e  p h y to p la n k to n  co m p o sitio n  and abundance o f  G rasm ere has 
a l t e r e d  s in c e  1963 ( s e e  Lund, 1 9 7 9 ).
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l a k e s ;  E s th w a ite  commonly has v e ry  la r g e  p o p u la t io n s  d u r in g  th e  summer 

w hereas W inderm ere has  few er in d iv id u a l s ,  a l th o u g h  i t  may be s t i l l  th e  

dom inan t a lg a  in  th e  summer. B lu e -g re e n  a lg a e  a r e  more f r e q u e n t  in  

th e  r i c h e r  l a k e s ,  ty p i c a l  exam ples b e in g  M ic ro c y s t is  a e ru g in o sa  (K u tz in g ) 

emend. E le n k in , A nabaena f lo s - a g u a e  (Lynbye) B re b is s o n , Aphanizomenon 

f l  o s -a q u a e  R a l f s .  ex B o m . e t  FI ah . and s p e c ie s  o f  O s c i l l a t o r i a  

( p s u r t ic u la r ly  0 .  r e d e k e i  Van G oor, 0 . b o u r r e l l y i  Lund, and 0 . a g a rd h i i  

Gomont v a r  i s o t h i x  S k u ja ) .  The c h a r a c t e r i s t i c  d ia to m s a re  A s t e r io n e l l a  

fo rm osa H a s s a i l ,  T a b e l l a r i a  f lo c c u lo s a  v a r  a s t e r i o n e l l o i d e s  (G run. in  

van H eurck) In u d so n , M e lo s ira  i t a l i c a  ( E h r . )  K ü tz in g  v a r .  |S u b a r c t £ c a  

M u lle r ,  F r a g i l a r i a  c r o to n e n s i s  K i t to n ,  C y c l o te l l a  p s e u d o s te l l ig e r a  

H u s te d t and S te p h a n o d isc u s  sp p . C o lo n ia l  g re e n  a lg a e  o ccu r in  a l l  

th e  la k e s  w hereas Cryptom onads and C hrysochrom ul in  a  p a rv a  Lackey a re  

more f r e q u e n t  in  th e  r i c h e r  l a k e s .  S p e c ie s  o f  Trachelm onzis a re  common 

in  B lelham  T arn  and E s th w a ite  W ater w here i t  f l o u r i s h e s  on th e  boundary  

betw een a e ro b ic  and a n a e ro b ic  w a te r  p ro v id e d  t h a t  th e r e  i s  s u f f i c i e n t  

l i g h t  (Lund -  p e rs o n a l com m unica tion ).

W astw ater i s  c h a r a c te r i s e d  by g e n e ra l  p o v e r ty .  Sm all a lg a e  make 

up th e  b u lk  o f  th e  s p a r s e  p h y to p la n k to n  in c lu d in g  sm a ll s p e c ie s  o f  

P e rid in iu m  s p ,  K o l i e l l a  s p . S p h a e ro c y s tis  s p ,  R h iz o s o le n ia  s p . and 

K ephyrion /P seu d o k ep h y rio n  P a sc h e r w hich a r e  in f r e q u e n t  in  th e  r i c h e r  

l a k e s .  Desm ids and th e  d ia tom  C y c lo te l l a  com ensis  Grunow a re  a l s o  

common in  W astw ate r.

E l te rw a te r* s  p h y to p la n k to n  i s  c h a r a c t e r i s e d  by th e  abundance o f  

sm all c o c c o id  g re e n  a lg a e ,  and som etim es by v a s t  p o p u la t io n s  o f  V olvox 

g lo b a to r  L . , Cryptomoneis, Rhodomonas, C y c l o te l l a  p s e u d o s t e l l i g e r a ,

Ankyra s p . ,  A s t e r io n e l l a  fo rm osa and S y ned ra  sp p . and th e  a b sen ce , o r  

r a r i t y ,  o f  C e ra tiu m , M e lo s ir a , F r a g i l a r i a  c r o to n e n s i s  and b lu e -g re e n  

a lg a e .
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i i .  N o rth -w e st S c o tla n d

Loch B o r r a l i e  i s  a  c a lc a r e o u s  la k e  w ith  e x c e p t io n a l ly  c l e a r  

w a te r s  (S pence , 1 9 7 5 ). The s p a r s e  p la n k to n  (Ju n e  1978) c o n s is te d  o f  

C e ra tiu m  h i r u n d i n e l l a  w ith  s p e c ie s  o f  A n k is tro d esm u s, O s c i l l a t o r i a  and 

v a r io u s  d esm id s. Brook (1964) d e s c r ib e d  th e  p la n k to n  o f  such  c a lc a r e o u s  

la k e s  a s ;  " . . . a l t h o u g h  t y p i c a l l y  e u t ro p h ic  in  i t s  s p e c i f i c  c o m p o sitio n  

i s  q u a n t i t a t i v e l y  p o o r . . . " .

Loch n a 'T h u i l l  i s  a  brown w a te r  la k e  d ra in in g  th e  su rro u n d in g  

b la n k e t  bog ( Spence, 1 9 7 5 ). The poor p h y to p la n k to n  i s  dom inated  by 

C hrysophyceae , e s p e c i a l l y  s p e c ie s  o f  Mallomonais. A n e t  c o l l e c t i o n  

a l s o  c o n ta in e d  D inobryon and C era tiu m  h i r u n d i n e l l a  p lu s  o c c a s io n a l  

c o lo n ie s  o f  A s t e r io n e l l a  fo rm o sa  and A nabaena f lo s - a g u a e .

Lochs B o rro la n , Cam and U r i g i l l  a r e  s i t u a t e d  a t  th e  s o u th e rn  end 

o f  th e  o u tc ro p  o f  D urn ess  l im e s to n e .  The ca tch m en ts  a re  dom inated  by 

b la n k e t  bog a lth o u g h  g r a s s la n d  and b irchw oods o ccu r on th e  l im e s to n e  

o u tc ro p s .  Cam Loch h as  a  more e x te n s iv e  m ountainous c a tch m e n t. The 

p h y to p la n k to n  c o n ta in s  s p e c ie s  n o t  o n ly  common in  a c id  lo c h s  b u t a l s o  

th o s e  more t y p i c a l  o f  more a l k a l i n e  o r  n u t r i e n t  r i c h  c o n d i t io n s .  The 

p h y to p la n k to n  c o l l e c t i o n s  w ere dom inated  by A s te r io n e l l a  fo rm osa  w h ile  

A nabaena f lo s - a g u a e  was ab undan t in  Ju n e  when i t  was c l e a r l y  v i s i b l e  in  

th e  w a te r  column and form ed s u r f a c e  scums in  s la c k  w a te r .  S p e c ie s  o f  

D inobryon , S ta u ra s tru m  and C e ra tiu m  h i r u n d i n e l l a  w ere a ls o  common.

Loch C la i r  s u p p o r ts  a  s p a r s e  p h y to p la n k to n . An A ugust sam ple 

vas dom inated  by d ia to m s , e s p e c i a l l y  s p e c ie s  o f  F r a g i l a r i a , w ith  

o c c a s io n a l in d iv id u a l s  o f  D inobryon  s p . ,  C era tiu m  h i r u n d in e l l a  and 

sp e c ie s  o f  C h lo ro p h y ceae  ( p a r t i c u l a r l y  d e sm id s ) .
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3. ALGAL REMAINS

A summary o f  th e  n o n - s i l i c e o u s  a lg a l  rem a in s  re c o rd e d  in  th e  

r e c e n t  se d im e n ts  o f  th e  t h i r t e e n  la k e s  exam ined ( t a b l e  3c) shows t h a t  

few  a l g a l  g e n e ra  w ere o b se rv ed , and th e s e  m a in ly  in  th e  more p ro d u c tiv e  

l a k e s .

I n d iv id u a ls  o f  S ta u ra s tru m  w ere commonly re c o rd e d  (10  l a k e s ) ,  

e s p e c i a l l y  n e a r  th e  s u r f a c e  ( f ig u r e  3 .3 ) .  T h is  a lg a  has a ls o  been 

f r e q u e n t ly  found  by o th e r  w o rkers  ( s e e  C h ap te r  1 ) and i s  a p p a re n tly  

f a i r l y  r e s i s t a n t  to  d e c o m p o sitio n . Cosmarium a l s o  c o n ta in s  r e s i s t a n t  

s p e c ie s  o f  desm id , common in  p e a t  c o r e s ,  and a  few  in d iv id u a l s  w ere 

fo u n d  in  E l te r w a te r .

C e ra tiu m  h i r u n d i n e l l a  i s  a  f r e q u e n t  member o f  th e  p h y to p lan k to n  

in  th e  h ig h la n d  l a k e s .  C e l l s  o f  th e  a lg a  w ere v e ry  r a r e l y  re c o rd e d ; 

many a p i c a l  h o rn s  w ere p r e s e n t  in  th e  s u r f a c e  f l o e  o f  E s th w a ite  W ater 

a ro u n d  O c to b er b u t th e s e  q u ic k ly  d i s in t e g r a t e d .  The c y s t s ,  how ever, 

w ere fo u n d  in  th e  se d im e n ts , th o s e  in  th e  topm ost l a y e r s  c o n ta in e d  

i n t r a c e l l u l a r  m a t te r ,  b u t th o s e  a t  d e p th  t y p i c a l l y  w ere empty ex ce p t 

f o r  an o range-b row n  r e s id u e  ( s e e  C h ap te r 5 p l a t e  I I I ) ,  shown by 

s t i p p l i n g  on f i g u r e  3 .3 .  The empty c y s t s  w ere assum ed to  have 

g e rm in a te d , b u t r e c e n t  work (D. Chapman -  p e rs o n a l com m unication) has 

su g g e s te d  t h a t  th e y  may be th e  r e s u l t  o f  decay  o r  p a r a s i t i s m  (s e e  

C h a p te r  7 ) .  The c y s t s  w ere o n ly  found  in  th e  p ro d u c tiv e  la k e s  o f  

E s th w a ite ,  B lelham  and W indermere a lth o u g h  th e  a lg a  vas a l s o  re c o rd e d  in  

th e  p la n k to n  o f  Lochs U r i g i l l ,  B o rro la n  and Cam, p lu s  C o n is to n .

Rem ains o f  b lu e -g re e n  a lg a e  w ere re c o v e re d  from  th e  sed im en ts  

o f  th e  p ro d u c t iv e  l a k e s ,  w here th e y  a re  common in  th e  p la n k to n .

C o lo n ie s  o f  M ic ro c y s t is  w ere re c o rd e d  n e a r  th e  mud s u r f a c e  o f  E s th w a ite  

and B le lham . The c o lo n ie s  ap p ea red  h e a l th y  and w ere assum ed to  be
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T able 3c Summary o f n o n - s i l ic e o u s  a lg a l  rem ains 

in  la k e  sed im en ts  from  h ig h lan d  B r i ta in

Lake D epth
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p a r t  o f th e  o v e rw in te r in g  p o p u la tio n  (s e e  R eynolds & R ogers, 1976 ).

A few c o lo n ie s  w ere found a t  d ep th  bu t th e s e  were p a le r  and more 

d i f f u s e .  A sm all number o f h e a l th y  f i la m e n ts  o f  O s c i l l a t o r i a  were 

a ls o  re c o rd e d , b u t o n ly  on th e  sed im ent s u r f a c e .  The a k in e te s  o f 

Anabaena were found in  most o f  th e  p ro d u c tiv e  la k e s .  The a k in e te s  

were assumed to  be th o s e  o f  Anabaena f lo s -a g u a e  s in c e  th e  a lg a  i s  common 

in  th e  p la n k to n  and th e  a k in e te s  were commonly found in  a g g re g a te s  o f 

about 10 to  20 in d iv id u a l s ,  a lth o u g h  clumps o f  u p to  50-70 were re c o rd e d . 

The a g g re g a tio n  o f  a k in e te s  i s  common in  th o se  s p e c ie s  o f Anabaena w hich 

ten d  to  form  la r g e  t i g h t  c o lo n ie s  ( e .g .  A. f lo s -a g u a e  and A. c i r c i n a l i s  

R abenhorst ex B o m e t e t  F la h a u l t )  r a th e r  th an  th o se  which rem ain  as 

s in g le  tr ich o m es  ( e .g .  A. s p i r o id e s  K lebahn and A. s o l i t a r i a  K lebahn ).

T r a c h e l o m o n a s  sp p . w ere re c o rd e d  in  th e  sed im en ts  o f  E s th w a ite  

and, in  p a r t i c u l a r ,  B le lham . Dr A .P . Bonny (p e rso n a l com m unication) 

observed  th a t  p o l le n  p r e p a ra t io n s  o f  s e s to n  m a te r ia l  from B lelham  

co n ta in e d  la r g e  numbers o f  T r a c h e  l o m o n a s  However tre a tm e n t by 10% 

po tassium  h y d ro x id e  and g l a c i a l  a c e t ic  a c id  f a i l e d  to  c o n c e n tra te  th e  

a lg a  from th e  s u r f a c e  se d im e n ts . I t  i s  p o s s ib le  th a t  on ly  l i v e  

m a te r ia l  i s  s u i t a b l e  f o r  t h i s  t r e a tm e n t and th a t  r e s i s t a n c e  i s  l o s t  on 

d ea th .

P ed ia stru m  i s  a n o th e r  r e s i s t a n t  a lg a  commonly re c o rd e d  on p o lle n  

s l id e s .  A few in d iv id u a ls  w ere re c o rd e d  from  th e  sed im en ts  o f  B lelham  

and E l te r w a te r .  T hese two la k e s ,  p lu s  E s th w a ite , a ls o  c o n ta in e d  th e  

o cca s io n a l Scenedesm us co lo n y  in  th e  topm ost o o zes . Volvox g lo b a to r  

has, r e c e n t ly ,  been f r e q u e n t  in  E l te rw a te r  ( in n e r  b a s in )  and a s in g le  

spore was i d e n t i f i e d  in  th e  se d im e n ts .
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4 . DISCUSSION

I t  i s  on ly  th e  sed im en ts  o f  th e  m ore p ro d u c tiv e  la k e s  t h a t  

c o n ta in  any q u a n t i ty  o f  n o n - s i l i c e o u s  a lg a l  re m a in s . Most o f  th e  rem ains 

w ere re c o rd e d  in  th e  u p p er h o r iz o n s  o f  th e  c o re s  and th e r e  a re  few 

in s ta n c e s  o f  p r e s e r v a t io n  a t  d e p th .

The p h y to p la n k to n  o f  th e  s i t e s  in  th e  E n g lish  Lake D i s t r i c t  has 

n o t  been  c o n s ta n t ,  th e  co m p o sitio n  and abundance have o f te n  r e f l e c t e d  

changes in  n u t r i e n t  in p u t  ( e .g .  B lelham  T a m  -  Lund, 1 9 7 8 ). However 

th e  a lg a l  rem a in s  b e a r  l i t t l e  r e l a t i o n s h i p ,  q u a l i t a t i v e l y  o r  q u a n t i t a ­

t i v e l y ,  to  th e  p h y to p la n k to n  re c o rd e d  in  r e c e n t  y e a r s .  F or exam ple, 

C era tiu m  h i r u n d i n e l l a  h as  been v e ry  ab undan t in  E s th w a ite  d u r in g  th e  

p a s t  decade o r  so  (Lund, 1 9 7 9 ), b u t th e  c y s t  c o n c e n tra t io n  in  th e  

sed im en ts  d e c l in e s  r a p id ly  from  th e  s u r f a c e .  The topm ost 10 cm o f  

th e  c o re  r e p r e s e n t s  c i r c a  11 y e a r s  ( t a b l e  3d -  P en n in g to n , 1978) and 

so  th e  la c k  o f  rem ains  below  3 cm i s  i n t e r p r e t e d  as in d ic a t in g  th e  

r a p id  d eco m p o sitio n  o f  th e  c y s t .  S im i la r ly  th e  b lu e -g re e n  a lg a  

M ic ro c y s tis  a e ru g in o sa  re a c h e d  a  maximum in  B lelham  T arn  in  1973 b u t 

t h i s  was n o t  found  in  th e  c o re .

The u p p e r 2 cm, o r  so , o f  th e  s e d im e n ts  c o n s i s t s  o f  r e c e n t ly  

d e p o s i te d  m a te r i a l .  A lgae found  in  th e s e  l a y e r s  can n o t be c o n s id e re d  

to  be p re s e rv e d  i f  th e  rem cdns have n o t  been  in  th e  muds lo n g  enough 

f o r  s i g n i f i c a n t  d eco m p o sitio n  to  have ta k e n  p la c e .  The lo s s  o f  

m ic ro sc o p ic  rem a in s  does n o t  n e c e s s a r i l y  r e s u l t  in  th e  l o s s  o f  th e  

a lg a l  r e c o rd .  For exam ple no f i l a m e n t s  o f  O s c i l l a t o r i a  a g a rd h i i  v a r  

i s o t h r i x  w ere re c o rd e d  below  th e  s u r f a c e  se d im e n ts  in  E s th w a ite  W ater 

and p a s t  c ro p s  ( s e e  Lund, 1971) a re  assum ed to  have d i s i n t e g r a t e d .

However th e  a lg a l  r e c o rd  can  s t i l l  be  t r a c e d  from  th e  s p e c i f i c  c a r o te n o id ,  

o s c i l l a x a n th in  w hich i s  p re s e rv e d  in  th e  se d im e n ts  ( G r i f f i t h s ,  1 9 7 8 ).
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T ab le  3d D e p o s itio n  r a t e s ,  ca rb o n  c o n te n t  o f  th e  sed im en ts  

and minimum oxygen s a tu r a t i o n  in  th e  w a te r

Lake r a t e  o f  sed im en t 
acc u m u la tio n  s in c e  
1963

mm y r -1

-2  -1  mg C cm y r ra in , oxygen 
s a t u r a t i o n  

%

E s th w a ite

B lelham

G rasm ere

E l te rw a te r
( in n e r )

W indermere 
( so u th )

C o n is to n

W astw ater

C la i r

U r i g i l l

B o rro la n

Cam

B o rra l l i e  

n a 'T h u i l l

0 .9

0 .7

0 .5

0 .4

0 .4

0 . 2

0 .1

1 9 .9

1 1 .4

5 .8

6.6

7.1

2 .7

3 .3

0

0

0

0

22

90

55

so u rc e : P en n in g to n  (1978)
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A lgae w hich w ere o b se rv e d  in  th e  s u r f a c e  sed im en ts  a r e ;  

i )  a lg a e  w hich a re  h ig h ly  r e s i s t a n t  and have been u sed  as 

i n d i c a to r s  o f  p a s t  en v iro n m en ts  by o th e r  w o rk e rs , 

e . g .  P e d ia s tru m  and S ta u ra s tru m  (s e e  C h ap te r l ) .  

i i )  a lg a e  w hich  l i v e  o r  o v e rw in te r  on , o r  n e a r ,  th e  sed im en t 

s u r f a c e ,  e . g .  O s c i l l a t o r i a , M ic ro c y s tis  and T rach lem o n as. 

o r  i i i )  th e  r e s t i n g  s p o re s  o f  s p e c i f i c  a lg a e ,  e . g .  C era tiu m  and 

A nabaena.

The o n ly  e x c e p tio n  to  th e  above i s  Scenedesm us w hich was re c o rd e d  in  

sm a ll num bers in  th e  s u r f a c e  sed im e n ts  o f  th e  p ro d u c tiv e  la k e s  and in  

p a r t i c u l a r  was common in  E l te r w a te r .  However Scenedesm us can  s u rv iv e  

f o r  a  number o f  y e a r s  in  an a n a e ro b ic  en v ironm en t (Lund, p e rs o n a l 

co m m un ica tion ). A few d e g ra d e d , u n i d e n t i f i e d ,  C hlo rophyceae w ere a l s o  

r e c o rd e d .

P en n in g to n  (1978) h y p o th e s is e d  t h a t  h ig h  p r o d u c t iv i ty  and 

s e a s o n a l h y p o lim n e tic  a n o x ia  may le a d  to  th e  s u r v iv a l  o f  au to ch th o n o u s  

o rg a n ic  m a t te r  in t o  th e  perm anent s e d im e n t. The breakdown ( o r  

• m in e r a l iz a t io n * )  o f  o rg a n ic  m a t te r  in  b o th  th e  bottom  d e p o s i t s  and th e  

hypo lim nion  can  le a d  to  th e  d e o x y g e n a tio n  o f  h y p o lim n e tic  w a te r s .

However t h i s  i s  n o t o n ly  a  f u n c t io n  o f  p r o d u c t iv i t y  b u t a l s o  o f  

m orphom etry. Thus a  la k e  w ith  a  sm a ll hypo lim nion  and low p r o d u c t iv i t y  

can  deo x y g en a te  ( e . g .  G ra s m e re ,p r io r  to  1970, -  P e a r s a l l  & P e n n in g to n ,

1973) o r  a  p ro d u c t iv e  la k e  w ith  a  l a r g e  hypo lim n ion  can  rem ain  o x y g en a ted  

( e .g .  W inderm ere -  Lund, 1 9 7 9 ). In  sh a llo w  la k e s  th e  e s ta b l is h m e n t  o f  

a  th e rm o c lin e  and c o n co m ita n t h y p o lim n e tic  d eo x y g en a tio n  i s  o f te n  

t r a n s i e n t  s in c e  w ind m ix ing  e n s u re s  o x y g e n a tio n  o f  th e  w hole w a te r  body . 

Of th e  s i t e s  in v e s t ig a t e d ,  th o s e  w hich  c o n ta in  some a lg a l  rem a in s  ( e . g .  

E s th w a ite  and B le lham ) a r e  cdso  th e  l a k e s  w ith  th e  h ig h e r  d e p o s i t io n  

r a t e s ,  more o rg a n ic  sed im e n ts  and s e a s o n a l ly  d eoxygena ted  h y p o lim n e tic
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w a te rs  ( t a b l e  3 d ) .  However, a lth o u g h  more n o n - s i l i c e o u s  a lg a l  rem ains 

a re  found  in  th e  s u p e r f i c i a l  sed im en ts  o f  th e  p ro d u c tiv e  la k e s  th e  b u lk  

o f  th e  a lg a e  a re  a p p a re n tly  r a p id ly  decom posed.

I t  i s  a l s o  p o s s ib le  t h a t  th e  a lg a e  commonly found  in  r i c h e r  

w a te rs  a re  more r e s i s t a n t  to  d eco m p o sitio n  th a n  th o s e  p r e s e n t  in  

o l i g o t r o p h ic  la k e s .  The p h y to p la n k to n  o f  V a s tw a te r  i s  dom inated  by 

C h lo rophyceae  s p e c ie s  w hich a p p a re n t ly  a re  n o t  p re s e rv e d  in  th e  

se d im e n ts  o f  e i t h e r  o l ig o t r o p h ic  o r  e u t ro p h ic  w a te rs  ( e .g .  E l te r w a te r ) .  

The p r o b a b i l i t y  o f  f in d in g  a lg a l  rem a in s  in  th e  d e p o s i t s  o f  u n p ro d u c tiv e  

la k e s  i s  red u ce d  due to  t h e i r  s m a l le r  s ta n d in g  c ro p s .  C o n seq u en tly  i f  

an a lg a  i s  n o t  re c o rd e d  in  th e  se d im e n ts  i t  c a n n o t be assumed t h a t  i t  

was a b se n t from  th e  p h y to p la n k to n . F or exam ple V a s tw a te r  c o n ta in s  th e  

desm id S ta u ra s tru m  w hich  i s  f r e q u e n t ly  p re s e rv e d ,  b u t n o t  a  s in g le  

in d iv id u a l  was re c o rd e d  in  th e  s e d im e n ts . However th e  e q u a l ly  p la n k to n -  

poo r Loch B o r r a l l i e  c o n ta in e d  a  number o f  S ta u ra s tru m  c e l l s  in  th e  

topm ost se d im e n ts .

In  c o n c lu s io n , from  th e  s i t e s  s tu d ie d  th e r e  seems l i t t l e  e v id en ce  

t h a t  th e  r e c e n t  sed im en ts  o f  h ig h la n d  la k e s  p r e s e rv e  n o n - s i l i c e o u s  a lg a l  

re m a in s , and peist assem b lages a r e  n o t  r e c o rd e d  in  th e  se d im e n ta ry  

re c o rd .  A sm all number o f  rem a in s  w ere , how ever, o b se rv ed  in  th e  

s u r f a c e  d e p o s i t s  o f  th e  more p ro d u c tiv e  l a k e s .  The d eco m p o sitio n  o f ,  

i d e n t i f i a b l e ,  a lg a l  rem a in s  a p p e a rs  to  ta k e  ab o u t 2 -4  y e a r s  f o r  some o f  

th e  more r e s i s t a n t  s p e c ie s  w h ile  th e  rem adnder d ecay  more r a p id l y .

T here  i s  a l s o  th e  p o s s i b i l i t y  t h a t  th e  r a t e  o f  d eco m p o sitio n  i s  low er 

in  th e  more p ro d u c tiv e  la k e s  b eca u se  o f  th e  re d u c e d  oxygen in  th e  

s e d im e n ts . F u r th e r  d is c u s s io n  on d eco m p o sitio n  may be found in  C h ap te r 

8 .
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B. GRASMERE AND ELTERWATER

The c o n s t r u c t io n  o f  sewage tr e a tm e n t  p la n t s  f o r  th e  v i l l a g e s  o f  

G rasm ere and E l te r w a te r  in  th e  e a r l y  n in e te e n  s e v e n t ie s  r e s u l t e d  in  an 

a l t e r a t i o n  in  th e  q u a l i ty  o f  e f f l u e n t  re a c h in g  th e  l a k e s .  In c re a s e d  

c o n c e n t r a t io n s  o f  n u t r i e n t s ,  p a r t ic u la u r ly  phospho rus ( s e e  H a ll e t  a l , 

1 9 78 ), r e s u l t e d  in  n o t  o n ly  an a l t e r a t i o n  in  th e  p h y to p la n k to n  co m p o sitio n  

b u t a l s o  in  i t s  vabuhdance(Lund, 1 9 7 9 ). T hese changes have r e s u l t e d  in  

p o t e n t i a l  s t r a t i g r a p h i e  m arkers b e in g  in c o rp o ra te d  in to  th e  s e d im e n ts .

T h is  s e c t io n  s tu d ie s  th e  changes in  th e  d ia to m  assem blages  from  th e  

r e c e n t  se d im e n ts  o f  G rasm ere and E l te r w a te r  and com pares them w ith  th e  

p h y to p la n k to n  d a t a .

1 . GRASMERE

a . S i t e  d e s c r ip t i o n

G rasm ere i s  a  sm a ll la k e  w ith  a m oun tainous ca tch m e n t. The 

la k e  h as  two b a s in s ,  a  l a r g e  deep one and a  s m a ll ,  s h a llo w e r  one 

( f ig u r e  3 . 4 a ) . The la k e  has one main in f lo w , th e  R iv e r  R o thay , w hich 

a ls o  d r a in s  th e  la k e  i n to  W inderm ere, v i a  R ydal W ate r.

Sewage e f f l u e n t ,  from  an a c t iv a t e d  s lu d g e  tre a tm e n t p l a n t ,  was 

f i r s t  d is c h a rg e d  in to  th e  m ain in f lo w  in  Ju n e  1971. P r io r  to  t h i s  th e  

la k e  may have been  r e c e iv in g  a  s i g n i f i c a n t  amount o f  en rich m en t from  

s u r f a c e  r u n - o f f  and seep ag e  from  th e  c e s s p o o ls  and s e p t i c  ta n k s  around  

i t s  s h o re s  (F .B .A . annual r e p o r t ,  1970) w h ile  some e s ta b l is h m e n ts  

d is c h a rg e d  d i r e c t l y  i n t o  th e  r i v e r  ( E l l i o t t ,  1 9 7 7 ).

B e fo re  th e  c o n s t r u c t io n  o f  th e  sew age w orks th e  w a te rs  w ere 

ta k en  to  be o f  in te rm e d ia te  n u t r i e n t  s t a t u s  (Sm yly, 1968; Gorham e t  a l . .
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1974) and th e  p h y to p la n k to n  in d i c a t i v e  o f  o l ig o t r o p h ic  w a te rs  (Lund, 19 7 9 ). 

The change to  m ains d ra in a g e  and sewage t re a tm e n t w orks has r e s u l t e d  in  

an in c re a s e  in  p hospho rus c o n c e n tr a t io n  and an in c re a s e  in  th e  r a t e  and 

e x te n t  o f  d e o x y g en a tio n  in  th e  hypo lim nion  (J o n e s ,  1972; H a ll e t  a l . ,

1 9 7 8 ). The co m p o s itio n  o f  b o th  th e  p h y to p la n k to n  and zo o p lan k to n  

p o p u la tio n s  have a l s o  a l t e r e d  (Lund, 1979; E l l i o t t ,  1977; Smyly, 1 9 7 8 ).

b . The Sedim ent

The c o re  ta k e n  f o r  t h i s  s tu d y  was o b ta in e d  in  December 1977 from  

th e  d e e p e s t a r e a  o f  th e  l a k e ,  c i r c a  20 m ( f ig u r e  3 .4 a ) .  The s t r a t i g r a p h y  

was m arked by a  t r a n s i t i o n ,  a round  30 cm, from  an u pper d a rk  browry^black 

w a te ry  ooze to  a  more com pact l i g h t e r  brown mud.

Round ( 1957 ) found  th e  l i t t o r a l  sed im en ts  o f  Greismere to  be th e  

most o rg a n ic  (38% by l o s s - o n - i g n i t i o n )  in  a  s e r i e s  o f  Lake D i s t r i c t  

s i t e s .  O rgan ic  ch em ica l a n a ly s e s  a r e  r e p o r te d  by Brooks e t  a l . (1976) 

and P h ilp  e t  a l .  (1 9 7 6 ) .

The c o re  u se d  in  t h i s  s tu d y  was th e  t h i r d  c o re  from  G rasm ere to  

be d a te d , and was c o n s i s t a n t  w ith  i t s  p re d e c e s s o rs  (P e n n in g to n , u n p u b lish e d  

d a t a ) .  C aesium -137 d a t in g  was u n d e rta k e n  on th e  same c o re  a s  th e  a lg a l  

a n a ly se s  ( f i g u r e  3 .5 )  and th e  r e s u l t s  a re  e x p re s se d  as  c o n c e n tr a t io n s  

p e r  s e c t io n ,  to  be c o m p a tib le  w ith  th e  f r e s h  sed im en t c o u n ts .  The 

p r o f i l e  i s  s im i la r  t o  t h a t  found  in  o th e r  Cumbrian la k e s  f o r  C s-137 

d e p o s i t io n  from  a tm o sp h e ric  f a l l o u t  (P e n n in g to n , Cambray & F is h e r ,  1973) 

and th e  d i s t r i b u t i o n  p a t t e r n  shows a  pronounced maximum betw een 7 -9  cm, 

w hich i s  aissumed to  be th e  1963 f a l l o u t  p eak . M ixing , e i t h e r  b io lo g ic a l  

o r  p h y s ic a l ,  may be assum ed to  b e  i n s u f f i c i e n t  to  d e s tro y  s t r a t i f i c a t i o n .  

The mean annual acc u m u la tio n  r a t e  (1963-1977) i s  0 .5  -  0 .9  cm y r  \
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c .  P h y to p la n k to n

The e a r l i e s t  c o l l e c t i o n s ,  exam ined by V est & V est (1 9 0 9 ) , w ere 

n e t  tow s w hich w ere dom inated  by th e  C hrysophyceae , p a r t i c u l a r l y  D inobryon 

c y l in d r ic u m  Im hof v a r .  d iv e rg e n s  (im hof) Leram. and P e r id in iu m  w i l l e i  

H u i t f e l d t - I a s s ,  and th e  d ia to m s A s te r io n e l l a  fo rm osa  H a s s a il  and 

T a b e l l a r i a  f e n e s t r a t a  (Lyngbye) K ützing  v a r  a s t e r i o n e l l o i d e s  Grunow in  

van H eurck . A lso  common w ere v a r io u s  b lu e -g re e n  a lg a e  and th e  d in o -  

f l a g e l l a t e  C era tiu m  h i r u n d i n e l l a  O .F . M u lle r .

Lund (1979) hsis s tu d ie d  th e  p h y to p la n k to n  s in c e  1949 and has 

re c o rd e d  a change , in  b o th  abundance and c o m p o sitio n  o f  th e  p h y to p la n k to n  

a s s o c ia te d  w ith  th e  in t r o d u c t io n  o f  t r e a t e d  sewage from  th e  new p la n t  

in  1971 . C o l l e c t io n s  made from  1949 to  1971 w ere dom inated  by s p e c ie s  

o f  D inobryon and U ro g len a  am erican a  C a lk in s  ( synonymous w ith  U ro g le n o p s is  

am erican a  Lemmermann) w h ile  n a n o -a lg a e  w ere num erous, e s p e c i a l l y  th e  

C hrysophyceae and C h lo ro p h y ceae , p lu s  Cryptom onas and Rhodomonsis. Sm all 

num bers o f  th e  c e n t r i c  d ia to m s C y c lo te l l a  com ta (E h ren b u rg ) k ü tz in g  and 

C y c lo te l l a  com ensis Grunow w ere re c o rd e d  b e fo re  1971 ( th e  l a t t e r  a ls o  

o ccu re d  in  1972 and 1 9 74 ).

S in c e  1971 b lu e -g re e n s ,  d ia to m s and c e r t a i n  sm a ll a lg a e  have 

become more a b u n d an t, and some s p e c ie s  n o te d  f o r  th e  f i r s t  tim e  ( e . g .  

C y c lo te l l a  p s e u d o s te l l ig e r a  H u s te d t and T a b e l l a r i a  f lo c c u lo s a  (R o th ) 

l û t  z in g  v a r .  a s t e r i o n e l l o id e s  (Grunow in  van H eurck) Xnudson. Most 

n o t i c e a b le  has been  an in c re a s e  in  th e  p o p u la t io n s  o f  A s t e r io n e l l a  

fo rm o sa , from  a  y e a r ly  a v e ra g e , p r io r  to  1969, o f  6 c e l l s  ml  ̂ t o  one o f  

1053 c e l l s  ml"^ a f t e r  1971. A l a r g e  p o p u la tio n  d ev e lo p ed  in  1969 

( y e a r ly  mean 224 c e l l s  ml”  ̂) b u t Lund (1979) a t t r i b u t e s  t h i s  t o  th e  

e f f e c t  o f  th e  c o n s t r u c t io n  work on th e  m ains sew erag e , th e  s o i l  and
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d i r t y  w a te r  add ing  n u t r i e n t s  to  th e  w a te r .  O th e r s p e c ie s  to  become 

abundan t a f t e r  1971 w ere F r a g i l a r i a  c r o to n e n s i s  K it to n  and O s c i l l a t o r i a  

sp p .

d . The s i l i c e o u s  rem ain s

On th e  perm anent m ounts, d ia to m s and C hrysophyeae c y s t s  w ere 

ab u n d an t. The p la n k to n ic  d ia tom s w ere i d e n t i f i e d  to  s p e c ie s ,  w h i ls t  

th e  a t ta c h e d  and b e n th ic  ta x a  w ere c o u n ted  ais a  s in g le  e n t i t y .  I t  was 

n o t  p o s s ib le  to  i d e n t i f y  th e  C hrysophyceae c y s t s  to  s p e c ie s ,  o r  even 

g en u s , b u t th e y  w ere , s u b je c t iv e l y ,  p la c e d  i n t o  t h r e e  g ro u p s 

CYST A -  sm ooth w a lle d , d ia m e te r  t y p i c a l l y  a/ 15 p n  w ith  a  s h o r t  

( < 2 um) c o l l a r  

CYST B -  sm ooth, t y p i c a l l y  c i r c a  7 pm w ith  s h o r t  neck  

CYST C -  h ig h ly  v a r i a b le  in  b o th  shape  and s i z e ,  a l th o u g h  o f te n  l a r g e  

( > 15 pm), ornam ented  ( o f te n  w ith  l a r g e  s p in e s )  and long  

n eck e d .

The d ia tom  assem blage o f  th e  topm ost 10 cm r e f l e c t s  many f e a t u r e s  

o f  th e  p la n k to n  r e c o rd s  a s s o c ia te d  w ith  th e  change in  sewage t re a tm e n t 

( f ig u r e  3 . 6 ) .  I n c re a s e s  in  A s t e r io n e l l a  fo rm o sa , T a b e l l a r i a  f lo c c u lo s a  

v a r .  a s t e r i o n e l l o id e s  and C y c lo te l l a  p s e u d o s te l l ig e r a  have o c c u rre d  s in c e  

1969, e n a b lin g  th e  topm ost se d im e n ts  to  be d a te d  by com parison  w ith  th e  

p h y to p la n k to n  re c o rd s  o f  J .V .G . Lund (1979 and u n p u b lis h e d ) .  Thus 

C y c lo te l l a  p s e u d o s te l l ig e r a  was re c o rd e d  as  abu n d an t in  1974 (1074 c e l l s  

ml” ^ ) ,  a lth o u g h  o c c u rr in g  in  sm a ll num bers in  1973 and 1972, and t h i s  

may be r e f l e c t e d  in  th e  4 -5  cm s e c t io n  o f  th e  c o re  ( f i g u r e  3 .6 ) .

S im i la r ly  th e  r i s e  o f  T a b e l l a r i a  f lo c c u lo s a  v a r .  a s t e r i o n e l l o i d e s  in  1972 

can  be lo c a te d  above 6 cm in  th e  c o r e .  The r i s e  o f  A s t e r io n e l l a  fo rm osa  

b e g in s  c i r c a  7 cm below th e  mud s u r f a c e  in  th e  c o re  ( f i g u r e  3 .7 a ) .  T h is
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may be ta k e n  to  r e p r e s e n t  1969 when l a r g e  p o p u la tio n s  o f  th e  a lg a  became 

common in  th e  la k e  ( f ig u r e  3 .7 b ) •

I f  t h i s  ‘ a lg a l  chronology* i s  com bined w ith  th e  C s-137 d e r iv e d  

d a te  th e  r a t e  o f  sed im en t accu m u la tio n  can  be e s t im a te d  s in c e  1963 

( f i g u r e  3 .7 c ) .  The p l o t  in d i c a te s  t h a t  th e r e  hêis been  an in c re a s e d  

r a t e  o f  d e p o s i t io n  from  th e  b e g in n in g  o f  th e  1970*s .  The mean annual 

in c rem en t betw een  1963 and 1969 i s  ab o u t 1 .7  mm y r ” \  1969-1972 3 .3  mm 

y r“ \  1972-1974 5 .0  mm yr"^  and 1974-1977 16 ram y r ” ^ .

The d ia tœ i  assem blage b e fo re  th e  n in e te e n  s i x t i e s  i s  dom inated  

by two C y c lo te l l a  s p e c ie s ,  C. com ensis and C. com ta ( f i g u r e  3 .8 ) .

Sm all num bers o f  C y c lo te l l a  k u tz in g ia n a T h w aites  w ere common below  25 cm. 

I t  was d i f f i c u l t  to  d i f f e r e n t i a t e  t h i s  s p e c ie s  from  C. com ensis  due to  

m o rp h o lo g ica l v a r i a t i o n  in  b o th  ta x a  w hich gave no c l e a r  d em arca tio n  

betw een th e  tw o. Hence th e  t o t a l s  have been  summed, ed though  v a lv e s  

re c o rd e d  a s  C. k u tz in g ia n a  a re  shown by s t i p p l i n g .  The b laclc/brow n 

c o lo u r  d i s c o n t in u i t y  i s  n o t  a s s o c ia te d  w ith  any change in  th e  d ia to m  

assem blage ( f i g u r e  3 . 8 ) .

The p r o f i l e s  o f  th e  C hrysophyceae c y s t s  ( f i g u r e s  3 .9 )  r e f l e c t  

th e  d e c re a se  o f  th e  dom inant D inobryon and U ro g len a  s p e c ie s  in  Graismere 

b e fo re  1971. The common ta x a  w ere D. d iv e rg e n s  Im hof, D. bavaricum  

Imhof ( synonymous w ith  D. s t i p i t a tu m  S t e i n ) ,  D. s e r t u l a r i a  E hrenburg  

and U ro g len a  am erican a . Lund (unpub . d a ta )  a l s o  r e c o rd e d ,  l e s s  

f r e q u e n t ly ,  D. suecicum  Lemra. and D. c re n u la tu m  V e s t & W est. D e ta i l s  

o f  th e s e  c y s t s  w ere e x t r a c te d  from  th e  F r i t s c h  c o l l e c t i o n  o f  A lg a l 

I l l u s t r a t i o n s  (housed  a t  th e  F re sh w a te r  B io lo g ic a l  A s s o c ia t io n )  b u t 

u n f o r tu n a te ly  i t  was n o t  p o s s ib le  to  r e l a t e  th e  c y s t s  fo u n d  in  th e  

sed im en ts  to  s p e c ie s  re c o rd e d  in  th e  p la n k to n . The s i z e  ra n g e s  q u o ted  

in  th e  l i t e r a t u r e  a re  v e ry  s im i la r  f o r  th e  s p e c ie s  c o n c e rn e d  e . g .
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F ig u re  3 .8  

S i l i c e o u s  rem a in s  0 -  50 cm, G rasm ere

a )  A s t e r io n e l l a  fo rm o sa

b ) T a b e l l a r i a  f lo c c u lo s a  v a r .  a s t e r i o n e l l o id e s

c )  C y c lo te l l a  p s e u d o s te l l ig e r a

d ) C y c lo te l l a  com ensis  (C . k u tz g in ia n a  shaded)

e )  C y c lo te l l a  com ta

f )  o th e r  d ia to m s (p re d o m in a n tly  n o n -p la n k to n ic )

g ) t o t a l  d ia to m s (dom inan t p la n k te r s  shaded)

h ) t o t a l  C hrysophyceae c y s t s

i )  s t r a t i g r a p h y
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14-16 )im -  D. s e r t u l a r i a , 1 0 -1 1 .4  pm -  D. b av a ricu m , 11-13 lam -  D. 

d iv e rg e n s  and 10-17 pm -  U. a m e ric a n a . A ll th e  c y s t s  w ere shown as 

sm ooth , s p h e r ic a l  and w ith  sm a ll o r  no c o l l a r s .  D e ta i le d  a n a ly s i s  o f  

th e  c y s t s  fo im d in  th e  sed im en ts  may r e v e a l  f i n e r  d i f f e r e n c e s  w hich may 

be u se d  to  s e p a r a te  th e  s p e c ie s .

S k e tc h e s  o f  C hrysophyceae c y s t s  from  th e  G rasm ere and E l te rw a te r

se d im e n ts  a re  g iv e n  in  f ig u r e  3 .1 0 , Exam ples o f  ty p e s  A (n o . 1 ) ,

B (2  & 7 ) ,  C (3 ,  4 ,  5 , 6 & 8) a re  shown. The s i m i l a r i t y  betw een n o . 2 ,

from  G rasm ere, and n o . 7 , from  E l te r w a te r ,  s u g g e s ts  t h a t  th e  c y s t  may 

have o r ig in a te d  from  th e  same s p e c ie s .

2 .  ELTERWATER

a . S i t e  d e s c r ip t io n

E l te r w a te r  i s  s i t u a t e d  on th e  s i l t y  v a l l e y  f l o o r  o f  th e  R iv e r 

B ra th a y , a lth o u g h  th e  ca tch m en t in c lu d e s  some o f  th e  h ig h e s t  f e l l s  in  

th e  Lake D i s t r i c t .  T h ere  a re  two main in f lo w s  ( f i g u r e  3 .4 b ) ,  b o th  o f  

w hich flo w  in t o  th e  o u te r  b a s in .  In  t im e s  o f  f lo o d  th e  w a te r  l e v e l  can 

r i s e  1 . 5 m  i n  1 2  h o u rs  and in c r e a s e  th e  la k e  a r e a  tw o fo ld  

(C ooper, 1 9 66 ).

The la k e  i s  d iv id e d  in t o  th r e e ,  a lm o st s e p a r a te ,  b a s in s ,  jo in e d  

by narrow  c h a n n e ls .  The in n e r  b a s in  i s  f e d  p re d o m in a n tly  by back-up  

w a te rs  and one o r  two sm a ll s tre a m s  and d r a i n s .  In  l a t e  1973 a  sewage 

tre a tm e n t p la n t  was c o n s tr u c te d  f o r  th e  n e a rb y  v i l l a g e ,  r e p la c in g  a  

s e p t i c  ta n k  sy stem . The e f f l u e n t  from  th e  sew age works i s  d is c h a rg e d  

in to  a  sm a ll s tre a m  ru n n in g  in t o  th e  in n e r  b c isin .
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Due to th e  l a k e 's  m orphology, th e  in c r e a s e  in  n u t r i e n t s  b ro u g h t 

in  by th e  sew age e f f l u e n t  has g r o s s ly  a f f e c t e d  th e  in n e r  b a s in ,  w hich 

now a c t s  a s  a  sewage o x id a t io n  pond (Lund, 1 9 7 9 ). The r a p id  th ro u g h p u t 

o f  w a te r  in  th e  o u te r  b a s in  r e s u l t s  in  a lm o st r i v e r i n e  c o n d i t io n s  and 

c o n s id e r a b le  d i l u t i o n  o f  any e f f l u e n t  from  th e  in n e r  b a s in .

b . The S ed im en ts

The deep  w a te r  se d im e n ts  o f  E l te r w a te r  w ere c o re d  in  F e b ru a ry  

1975, th e  c o r e s  u se d  in  t h i s  s tu d y  w ere o b ta in e d  a t  th e  same tim e  as 

th o s e  a n a ly se d  by P en n in g to n  (1978 and u n p u b lish e d  d a t a ) .  The c o re  

from  th e  in n e r  b a s in  had a  b la c k  to  brown c o lo u r  d i s c o n t in u i t y  a t  30 cm 

b u t th o se  from  th e  m id d le  and o u te r  b a s in s  w ere m o tt le d  d a rk  b ro w n -b lack  

th ro u g h o u t.

C aesium -137 d a t in g  was p erfo rm ed  on c o re s  ta k e n  a t  th e  same 

tim e a s  th e  ones u sed  f o r  a lg a l  a n a ly s e s .  The c o re  from  th e  in n e r  

b a s in  showed a  peak  in  th e  5-6  cm s e c t io n  and hence th e  mean an n u a l 

in c rem en t o f  sed im en t acc u m u la tio n  (1963-1975) i s  4 -5  mm y r   ̂ . M a te r ia l  

from  th e  m id d le  and o u te r  b a s in s  d id  n o t show a  s t r u c t u r e d  p r o f i l e ,  and 

th e  c o re s  w ere assum ed to  show th e  ab sence  o f  o r d e r ly  acc u m u la tio n  o f  

sed im en t (P e n n in g to n  -  p e r s o n a l  com m unication) in  th e s e  sm a ll b a s in s  

fe d  by r e l a t i v e l y  l a r g e  r i v e r s .

c .  The p h y to p la n k to n

The th r e e  b a s in s  o f  E l te r w a te r  ra n g e  from  th e  h ig h ly  e u t ro p h ic  

in n e r  b a s in  to  th e  n u t r i e n t  po o r o u te r  b a s in .  T h is  i s  w e ll  i l l u s t r a t e d  

by th e  c h lo ro p h y l l  a  an n u a l means f o r  1976 w ith  v a lu e s  o f  65 ug 1 ,

21 ug l ”  ̂ and 4 ug f o r  th e  in n e r ,  m id d le  and o u te r  b a s in s  r e s p e c t iv e l y

(Lund, 1979 ).
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The p h y to p la n k to n  o f  th e  in n e r  b a s in  r e f l e c t s  th e  in p u t o f  

sewage e f f l u e n t ,  in  t h a t  th e  c o m p o sitio n  i s  s im i la r  to  t h a t  found in  

sewage o x id a t io n  ponds (Lund, 1 9 7 9 ). S m a ll, n a n o p la n k to n ic ,  a lg a e  

a re  o f te n  ab u n d an t, in c lu d in g  th e  d ia to m  C y c l o te l l a  p s e u d o s t e l l i g e r a , 

c o c c o id  g re e n s  and cryp tom onads. A s t e r io n e l l a  fo rm osa  i s  t y p i c a l l y  

a b u n d an t. T h ere  i s  an absence  o f  g a is -v a c u o la te  b lu e -g re e n  a lg ed  bloom s 

w hich a l th o u g h  common in  e n r ic h e d  la k e s  a re  t y p i c a l l y  in f r e q u e n t  in  

sewage o x id a t io n  p o n d s. Few a lg a e  e n te r  th e  o u te r  b a s in s ,  e x c e p t in  

tim e s  o f  f lo o d  b u t a r e  th e n  h ig h ly  d i l u t e d .

d . The S i l i c e o u s  Remains

The c o re  from  th e  in n e r  b a s in  o f  E l te r w a te r  was dom inated  by 

n o n -p ia n k to n ic  d ia to m s , making up betw een 50% and 90% o f  th e  f r u s t u l e s  

( f ig u r e  3 .1 1 ) .  Of th e  p ia n k to n ic  s p e c ie s  A s t e r io n e l l a  fo rm o sa ,

T a b e l l a r i a  f lo c c u lo s a  v a r .  a s t e r i o n e l l o i d e s , S y ned ra  sp p . and M e lo s ira  

i t a l i c a  ( E h r . ) K ü tz ing  w ere th e  m ost f r e q u e n t .  Of th e s e  o n ly  A s t e r io n e l l a  

shows a  r i s e  in  abundance in  th e  m ost r e c e n t  s e d im e n ts . The r i s e  in  

th e  sm all c e n t r i c  C y c lo te l l a  p s e u d o s te l l ig e r a  weis n o t  o b se rv e d  in  th e  

c o re  s in c e  i t  d id  n o t  ap p ea r in  th e  p la n k to n  u n t i l  a f t e r  th e  c o re  was 

ta k e n , b u t i t  was p r e s e n t  in  s u r f a c e  sam ples ta k e n  in  1979.

The C s-137 d a t in g  o f  a n o th e r  c o re  p la c e d  1963 w ith in  th e  5-6  cm 

h o r iz o n , w hich g iv e s  a  mean annual acc u m u la tio n  r a t e  (1963 to  1975) o f  

4 -5  mm y r” \  The d i s t r i b u t i o n  p a t t e r n  o f  C s-137 can  be a r e a l l y  v a r i a b le  

( s e e  P en n in g to n  e t  a l . ,  1976) and so  th e  u s e  o f  'r e p l i c a t e *  c o re s  may 

be q u e s t io n a b le .  However th e  peak  o f  A s t e r io n e l l a  fo rm osa  a p p e a rs  to  

have o c c u rre d  c i r c a  1972-1974 on th e  b a s is  o f  th e  r a d io n u c l id e  d a t in g ,  

c o n s is ta n t  w ith  th e  c o n s tr u c t io n  o f  th e  sewage t r e a tm e n t  w orks i n  1973.
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F requency  d a ta  f o r  th e  in n e r  b a s in  ( f i g u r e  3 .1 2 ) from  50 cm to  

th e  s u r f a c e  shows A s te r io n e l la  fo rm osa  as  a  v e ry  r e c e n t  a d d i t io n  to  th e  

p h y to p la n k to n . T a b e l l a r i a  f lo c c u lo s a  v a r .  a s t e r i o n e l l o id e s  ap p ea rs  to  

have been th e  dom inant p la n k to n ic  d ia to m  b e fo re  I9 6 0 . The a t ta c h e d  

s p e c ie s  make up th e  b u lk  o f  th e  ’n o n -p ia n k to n ic *  g ro u p , e s p e c ia l ly  

in d iv id u a l s  from  th e  genus A ch n an th es . T h ree  s p e c ie s  a re  dom inan t,

A. m ic ro c e p h a la  K u tz in g , A. m in u tis s im a  K ü tz ing  and A. m in u tis s im a  

K u tz ing  v a r .  c ry p to c e p h a la  Grunow. T here  a re  few  r e l a t i v e  changes in  

th e  p r o f i l e s  and th e r e  i s  no e v id e n c e  o f  any a l t e r a t i o n  in  d ia tom  

c o m p o sitio n  a c ro s s  th e  c o lo u r  d i s c o n t in u i t y  a t  30 cm ( f ig u r e  3 .1 2 ) .

The p r o f i l e s  f o r  A s t e r io n e l l a  fo rm o sa , T a b e l l a r i a  f lo c c u lo s a  

v a r .  a s t e r i o n e l l o i d e s  and M e lo s ira  i t a l i c a  f o r  each  o f  th e  th r e e  

E l te r w a te r  b a s in s  ( f ig u r e  3 .1 3 )  r e f l e c t  b o th  th e  b io lo g ic a l  and p h y s ic a l  

f a c t o r s  a f f e c t in g  E l te r w a te r .  The low er number o f  f r u s t u l e s  found  in  

th e  o u te r  b a s in s  r e s u l t s  from  a  co m b in a tio n  o f  lo w er p r o d u c t iv i ty  and 

in c re a s e d  f lo w , e s p e c i a l l y  in  tim e s  o f  f lo o d .  The s p a te  flo w s a ls o  

ap p ea r to  d i s tu r b  o rd e re d  s e d im e n ta t io n  in  th e  o u te r  b a s in  where th e  

d i s t i n c t i v e  A s t e r io n e l l a  s t r a t i g r a p h y  was n o t  fo u n d . L arge  d e b r i s ,  

such  a s  b ran ch e s  and c a n s , may be seen  n e a r  th e  in f lo w s  and th e  c o re  

m a te r ia l  from  th e  o u te r  b a s in  c o n ta in e d  tw ig s  and le a v e s .  The p r o f i l e s  

from  th e  in n e r  and m idd le  b a s in s  a r e  s i m i l a r ,  a l th o u g h  few er d ia tom s 

a re  p re s e n t  in  th e  m id -b a s in  c o r e .

3 . DISCUSSION

The d ia to m s from  th e  se d im e n ts  o f  G rasm ere and E l te rw a te r  ( in n e r  

b a s in )  r e f l e c t  th e  q u a l i t a t i v e  and q u a n t i t a t i v e  chan g es  in  th e  p la n k to n  

w hich r e s u l t e d  from  th e  in t r o d u c t io n  o f  sewage e f f l u e n t  from  tr e a tm e n t
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p la n t s  w hich re p la c e d  a s e p t i c  ta n k  sy s tem . The en rich m en t o f  some 

Cumbrian la k e s  by man has been th e  r e s u l t  o f  r e c e n t  changes in  pop u la ­

t i o n ,  w ashing m a te r ie d s ,  sewage t r e a tm e n t  and fa rm in g  p r a c t i c e  ( s e e  

a l s o  Lund, 1 9 7 8 ). I n c r e a s e s  in  p o p u la t io n  have g e n e r a l ly  been 

a s s o c ia te d  w ith  to u r ism . The i n s t a l l a t i o n  o f  m ains w a te r  to  some 

v i l l a g e s  hats l e d  to  an in c re a ise  in  th e  volum e o f  w as te  w a te r .  More 

w a te r  i s  u sed  f o r  weishing, f l u s h  t o i l e t s  and im proved c l e a n l i n e s s  in  

faurm p r a c t i c e s .  The in t r o d u c t io n  o f  d e te r g e n ts  and w ash ing  m achines 

i n  th e  e a r ly  1960*s r e s u l t e d  in  an in c r e a s e  in  p h o sp h a te  in  th e  w a s te .

The s e p t i c  ta n k  m ethod o f  sewage d is p o s a l  r e s u l t s  in  l i t t l e  

a d d i t io n  o f  p la n t  n u t r i e n t s  to  th e  l a k e ,  p ro v id e d  t h a t  th e  ta n k  h as  a 

good soakway and i s  n o t o v e rlo a d e d  (M acan, 1 9 7 0 ). Any o v e rflo w  

re a c h in g  th e  la k e  w ould be v i a  th e  s o i l  w hich  w ould p ro b a b ly  remove 

ex c e ss  phosphorus ( J o n e s ,  1 9 7 2 ). The in t r o d u c t io n  o f  sewage t re a tm e n t 

p la n ts  has r e s u l t e d  in  an a l t e r a t i o n  in  th e  q u a l i t y  o f  e f f l u e n t  re a c h in g  

w a te r  c o u r s e s .  The t r e a tm e n t o f  d o m e stic  w a s te s  in  a  sewage w orks does 

l i t t l e  to  s t r i p  o u t th e  p la n t  n u t r i e n t s ,  and th e  in t r o d u c t io n  o f  

e f f l u e n t  i n to  la k e s  such  as  G rasm ere and E l te r w a te r  h as  l e d  to  an 

in c re a s e  in  p r o d u c t iv i t y .

The p ro v is io n  o f  a  sewage p la n t  h a s ,  how ever, u s u a l ly  been  in  

re sp o n se  to  th e  s e p t i c  ta n k  system  becom ing o v e r lo a d e d  and i n e f f i c i e n t ,  

th u s  le a d in g  to  th e  p o l lu t io n  o f  n e a rb y  w a te r s .  F or exam ple th e  v i l l a g e  

o f  Hawkshead, a t  th e  head  o f  E s th w a ite  W ate r, was s e rv e d  by s e p t i c  

ta n k s  u n t i l  1973, when a sewage tr e a tm e n t  p la n t  wais i n s t a l l e d .  The 

e f f e c t  on th e  p h o sp h a te  and n i t r a t e  c o n c e n tr a t io n s  was s m a l l ,  s in c e  

p r io r  to  1973 th e  g r o s s ly  o v e rlo a d e d  s e p t i c  ta n k s  n e a r  th e  in f lo w  o f te n  

overflow ed  and sewage s o l id s  e n te r e d  th e  l a k e ,  p ro v id in g  n u t r i e n t s  (Lund, 

1979).
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The change in  sew erage h as  in c re a s e d  th e  p h o sp h a te  c o n c e n tr a t io n s  

in  G rasm ere by an o rd e r  o f  m agn itude  ( c i r c a  0 .1  ji9 PO^-P to  1 .0  )ig ) 

b u t t h i s  i s  s t i l l  low when com pared to  o th e r  p ro d u c tiv e  la k e s  in  th e  

a r e a  (Lund, 1 9 79). The in t r o d u c t io n  o f  t r e a t e d  e f f lu e n t  has changed 

n o t  o n ly  th e  p h y to p la n k to n  b u t a l s o  th e  zo o p lan k to n  ( E l l i o t t ,  1977;

S m y l y ,  1 9 7 8 ). T h e  t o t a l  m e a n  n u m b e r  o f  r o t i f e r s  a n d  p l a n k t o n i c  

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

l o w e r  o x y g e n  c o n c e n t r a t i o n s  ( H a l l  e t  a l . ,  1 9 7 8 ) . T h e  h y p o l i m n e t i c  a n d  

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

c o n j u n c t i o n  w i t h  t h e  d e v e l o p i n g  h y p o l i m n e t i c  o x y g e n  d e f i c i t  ( S m y l y ,  1 9 7 8 ) .  

T h e  r o t i f e r s  w h i c h  f o r m e r l y  d o m i n a t e d  a r e  t h o s e  w h i c h  a t t a i n e d  t h e i r  

h i g h e s t  d e n s i t i e s  w i t h i n  a  n a r r o w  r a n g e  o f  o x y g e n  c o n c e n t r a t i o n s  a n d  

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

o x y g e n  i n  a l l  b u t  t h e  u p p e r  w a t e r s  ( E l l i o t t ,  1 9 7 7 ).

The d ia tom  assem b lag e  re c o rd e d  in  th e  G rasm ere sed im en ts  below  

10 cm ( i . e .  b e fo re  I9 6 0 ) ,  in  p a r t i c u l a r  C y c l o te l l a  com ensis and C y c lo te l la  

k u tz in g ia n a , i s  t y p i c a l l y  fo u n d  in  th e  more o l ig o t r o p h ic  w a te r  b o d ie s  o f  

th e  E n g lish  Lake D i s t r i c t ,  su ch  a s  V eis tw ate r. Gorham e t  a l . (1974) 

c o n s id e re d  th e  p h y to p la n k to n  c ro p s  re c o rd e d  b e fo re  1963 and p la c e d  

G rasm ere in  an in te rm e d ia te  group  ( s e e  t a b l e  3 b ) .  V est & V est (1909) 

found  th e  p h y to p la n k to n  o f  G rasm ere to  be " a lm o s t e x c lu s iv e ly  dom inated  

by A s te r io n e l l a  fo rm osa and T a b e l l a r i a  f e n e s t r a t a  v a r  a s t e r i o n e l l o i d e s "

(now T . f lo c c u lo s a  v a r . a s t e r i o n e l l o i d e s  -  Knudson ( 1952) ) and d id  n o t  

re c o rd  th e  s p e c ie s  o f  C y c l o t e l l a  w hich  dom inate  th e  c o re  m a te r ia l  a t  

d e p th . T h is  a p p a re n t d is c re p a n c y  may be due to  th e  sm all C y c lo te l l a  

sp p . p a s s in g  th ro u g h  th e  mesh in  a  p la n k to n  n e t ,  o r  th e  sam pling  may 

have been c a r r i e d  o u t d u r in g  a  p e r io d  when no C y c lo te l l a  p o p u la tio n s
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w ere p r e s e n t ,  s in c e  c o l le c t io n s  were made on ly  in  June and Septem ber 

o f 1903. The id e a ,  p roposed  by West & West (1909) th a t  Grasmere v i l l a g e  

was p o l lu t in g  th e  la k e  seems a l i t t l e  incongruous when th e  e f f e c t s  o f 

th e  n in e te e n  s e v e n t ie s  a re  c o n s id e re d .

The in t r o d u c t io n  o f t r e a te d  sewage e f f lu e n t  in to  Grasmere 

i s  c o i n c i d e n t  w i t h  th e  in c re a s e  in  th e  mean annual increm en t o f 

sed im ent acc u m u la tio n . The r a t e  o f d e p o s it io n  between 1963 and 1969 

i s  about 1 .7  mm y r  \  com parable w ith  th a t  o f  E n n erd a le  and W astw ater 

( c . f .  t a b le  3 d ) , a lth o u g h  th e  l a t t e r  v a lu e s  a re  f o r  th e  p e r io d  re p re s e n te d  

between 1963 and th e  s u r fa c e  o f  th e  c o re .  The mean r a t e ,  f o r  G rasm ere,

between 1969 and 1977 i s  7 .8  -  1 0 .0  mm y r   ̂ w hich i s  s im i la r  to  th e

r a t e s  re c o rd e d  in  th e  p ro d u c tiv e  E s th w a ite  W ater and B lelham  T arn .

The approx im ate  r a t e  o f  d ry  sed im ent accu m u la tio n  (s u p p lie d  by 

R .S . Cambray, A .E .R .E ., H arw ell) su g g e s ts  t h a t  th e  in c re a s e  in  th e  

d e p o s it io n  r a t e  i s  n o t s o le ly  a r e s u l t  o f  in c re a s in g  w a te r  c o n te n t n e a r  

th e  i n t e r f a c e  ( t a b l e  3 e ) .

The in c ree ise  in  sed im ent accum ula tion  p o s t 1971 may be due 

e i t h e r  to  th e  s u rv iv a l  o f undegraded au toch thonous m a te r ia l  o r to  th e  

a d d i t io n  o f  s o l id s  o r ig in a t in g  from  th e  sewage p la n t .  Lund (1979) 

n o te d  th a t  c o n s t ru c t io n  work, in  1969, r e s u l t e d  in  a  q u a n t i ty  o f s o i l  

e n te r in g  th e  w a te r cau s in g  an in c re a s e  in  t u r b i d i t y .  Jo n e s , Downes & 

T a i l in g  ( in  p r e s s )  observed  th a t  p a r t i c u l a t e  m a tte r  from th e  sewage 

w orks, as w e ll as much o f th e  suspended lo a d  o f  th e  R iv e r R othay, i s  

d e p o s ite d  in  th e  a re a  su rro u n d in g  th e  in f lo w , r a th e r  th a n  in  th e  d eeper

a re a s .  The in c re a s e  in  d e p o s it io n  r a t e ,  th e r e f o r e ,  i s  l i k e l y  to  be

au toch thonous in p u t from th e  g r e a te r  s ta n d in g  c ro p s  o bserved  in  r e c e n t  

y e a r s .



T ab le  3e G rasm ere -  d ry  sed im en t d e p o s i t io n

D epth  P e r io d  D ry sed im en t
accum u la tio n ^  
(mg cm~^ y r ” )

(cm) accum u la tio n ^

7 -  8 1963 -  1969 25 .1

6 -  7 1969 -  1972 4 5 .7

5 -  6 1972 -  1974 6 4 .5

0 -  5 1974 -  1977 1 5 8 .0
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The v a l i d i t y  o f  th e  Cs-137 d a t in g  and th e  'a l g a l  chronology* m ust 

a l s o  be c o n s id e re d .  Sm all c e n t r i c  d ia to m s ( e . g .  C y c lo te l l a  p s e u d o s te l­

l i g e r a )  may p a s s  th ro u g h  th e  s u r f a c e  f lo c c u la n t  l a y e r s  o f  th e  mud s u r f a c e  

(H aw orth , 1 9 7 6 b ). However l a r g e  c o lo n ie s  o f  A s t e r io n e l l a  fo rm osa 

w ould be more l i k e l y  to  s e t t l e  o n to  th e  i n t e r f a c e ;  a lth o u g h  th e r e  i s  

th e  p o s s i b i l i t y  t h a t  th e  c o lo n ie s  may d i s i n t e g r a t e  and in d iv id u a l s  c e l l s  

move downwards. The f a i r l y  d i s c r e t e  la y e r in g  o f  th e  d ia to m  s t r a t ig r a p h y  

( e . g .  th e  ab sen ce  o f  a  p ronounced ' t a i l *  on th e  p r o f i l e s  o f ,  sa y , 

T a b e l l a r i a  and C y c l o te l l a  p s e u d o s te l l ig e r a  -  f i g u r e  3 .6 )  su g g e s ts  t h a t  

p h y s ic a l ,  o r  in d e e d , b io lo g ic a l  d is tu rb a n c e  i s  n o t  s u f f i c i e n t  to  d e s tro y  

o rd e re d  s e d im e n ta t io n .

The C s-137 d a t in g  te c h n iq u e  has p roved  u s e f u l  f o r  e s t im a t in g  

sed im en t d e p o s i t io n  r a t e s  ( s e e  rev ie w s by K rish n asw an i & L a i ,  1978 and 

R i tc h ie  & McHenry, 1 9 7 7 ), and s tu d ie s  by P en n in g to n  e t  a l . (1 9 7 3 ).

R i tc h ie  e t  a l . (1973) and R obbins & E d g in to n  (1975) have shown th a t  

Cs-137 in  th e  sed im en ts  i s  r e l a t e d  to  th e  annual in p u t ,  o f  th e  r a d io ­

n u c l id e ,  to  th e  w a te rsh e d . Once ad so rb ed  to  th e  suspended  o r  d e p o s i te d  

sed im en t v e ry  l i t t l e  ch em ica l exchange o r  movement o f  th e  Cs-137 atom 

o c c u rs  (Duursma & B osch, 1970; Lomenick & Tam ura, 1 9 6 5 ). Any m ix ing  

o f  th e  sed im en t would r e d i s t r i b u t e  th e  C s-137 w hich  w ould r e s u l t  in  a  

more u n ifo rm  p r o f i l e  in  th e  colum n. The p ronounced  maxima found in  

G rasm ere ( t h i s  s tu d y )  and o th e r  Cum brian la k e s  (P en n in g to n  e t  a l . ,

1973) s u g g e s ts  t h a t  p h y s ic a l  and b io lo g ic a l  m ix ing  i s  i n s u f f i c i e n t  to  

d e s tro y  th e  s t r a t i g r a p h i e  d i s t r i b u t i o n .  T h e re fo re  th e  v a l i d i t y  o f  th e  

Cs-137 d a t in g  f o r  th e  G rasm ere c o re  i s  a c c e p te d . However P en n in g to n  

e t  a l . (1976) found  t h a t  th e  Cs-137 1963 peak a t  f i v e  s i t e s  in  B lelham  

T am  o c c u rre d  a t  d i f f e r e n t  d e p th s ,  showing an a r e a l  v a r i a t i o n  in  

accu m u la tio n  r a t e s .  Thus th e  e s t im a te d  mean an n u a l r a t e  o f  sed im en t
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a c c u m u la tio n  i s  f o r  th e  c o re  s tu d ie d  and m ust be e x t r a p o la te d  f o r  o th e r  

s i t e s  w i th in  th e  la k e  w ith  c a u t io n .  Two e a r l i e r  c o re s  from  th e  d e e p e s t 

a r e a  o f  G rasm ere how ever, a l s o  had a mean r a t e  o f  d e p o s i t io n  o f  c i r c a  

5 mm y r ”  ̂ (P e n n in g to n , u n p u b lish e d  d a t a ) .

The c o n t r a s t in g  d ia tom  p r o f i l e s  from  th e  th r e e  b a s in s  o f  

E l te r w a te r  d e m o n s tra te  th e  im p o rtan ce  o f  a  q u ie t  d e p o s i t io n a l  env ironm ent 

f o r  an o rd e re d  s t r a t i g r a p h y .  Somewhat p a r a d o x ic a l ly  G rasm ere a ls o  has 

a  m oun tainous ca tc h m e n t, and r e c e iv e s  t o r r e n t i a l  f lo o d  w a te r s ,  b u t th e  

sed im en t s t r a t i g r a p h y  i s  r e l a t i v e l y  u n d is tu rb e d .  However th e  d e e p e s t 

a r e a  i s  s h e l t e r e d  from  th e  d i r e c t  e f f e c t s  o f  th e  f lo o d  w a te r s ,  th e  

en e rg y  o f  w hich  i s  d i s s ip a t e d  by th e  sh a llo w  w a te r  su rro u n d in g  th e  

in f lo w  and th e  m ain f lo w  i s  around  th e  w est s id e  o f  th e  i s l a n d  and 

n o t o v e r th e  d e e p e s t a r e a  (Jo n e s  e t  a l . ,  i n  p r e s s ) .  The h ig h  r a i n f a l l ,  

and m oun tainous c a tc h m e n t, may a f f e c t  th e  number o f  a lg a e  re a c h in g  

th e  sed im en ts  o f  G rasm ere . F or exam ple i f  a  f lo o d  o c c u rs  a t  a tim e o f  

abundan t A s t e r io n e l l a  th e n  a  s i g n i f i c a n t  number may be washed o u t o f  

th e  l a k e .

P en n in g to n  (1943) showed th a t  th e  t r a n s i t i o n  from  lo w e r, brown 

c o lo u re d , sed im en t to  b la c k  ooze in  W inderm ere c o in c id e s  w ith  a  r i s e  in  

abundance o f  A s t e r io n e l l a  fo rm o sa . B lack-brow n c o lo u r  d i s c o n t i n u i t i e s  

have been  re c o rd e d  in  th e  r e c e n t  sed im en ts  o f  B lelham  (P en n in g to n  e t  a l . , 

1976 ), G rasm ere and E l te r w a te r .  However t h i s  d o es  n o t  im ply  t h a t  

e i t h e r  th e  s e d im e n t-c o lo u r  changes a re  i d e n t i c a l  o r  c au sed  by th e  same 

p ro c e s s .  The in c r e a s e  o f  A s t e r io n e l l a  in  G rasm ere and E l te r w a te r  i s  

n o t a s s o c ia te d  w ith  th e  c o lo u r  change , in  f a c t  th e  d ia to m  p r o f i l e s  do 

n o t s i g n i f i c a n t l y  a l t e r ,  q u a n t i t a t i v e l y  o r  q u a l i t a t i v e l y ,  a c ro s s  th e  

c o lo u r  d i s c o n t in u i t y .  The o l ig o t r o p h ic  d ia tom  assem b lag e  in  G rasm ere 

(and  th e  C hrysophyceae c y s t s )  i n d i c a t e s  t h a t  en ric h m en t i s  n o t  a s s o c ia te d
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w ith  th e  c o lo u r  ch an g e . However th e  abundance o f  A s t e r io n e l l a  fo rm osa 

in  G rasm ere, E l te r w a te r  and W inderm ere i s  r e l a t e d  to  in c re a s e d  n u t r i e n t  

c o n c e n tr a t io n s  c a u se d  by a  change in  human a c t i v i t y ,  n o ta b le  in c r e a s e s  

in  p o p u la tio n  and ch anges in  sewage d i s p o s a l ,  w ith in  th e  c a tc h m e n t.

The A s t e r io n e l l a  r i s e  in  W inderm ere i s  c o r r e l a t e d  w ith  an in c r e a s e  in  

p o p u la tio n  when around  1850 th e  in t r o d u c t io n  o f  th e  ra i lw a y  opened up 

th e  a r e a ,  and in  p a r t i c u l a r  th e  town o f  W inderm ere, to  v i s i t o r s .  The 

change from  s e p t i c  ta n k  to  m ains sew erage in  th e  v i l l a g e s  su rro u n d in g  

G rasm ere and E l te r w a te r  h as  ca u se d  an a l t e r a t i o n  in  th e  a lg a e ,  and 

changes in  th e  d ia to m  f l o r a  a re  r e f l e c t e d  in  th e  se d im e n ta ry  r e c o r d .
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CHAPTER FOUR: SEDIMENT CORES FROM THREE LOWLAND WATERS

1 . INTRODUCTION

The la k e s  in  lo w land  B r i t a in  a re  t y p i c a l l y  much r i c h e r  in  a l l  

th e  m a jo r io n s  th a n  . , th e  n o n -c a lc a re o u s  Lake D i s t r i c t  w a te rs .

The la k e s  in  h ig h la n d  B r i t a i n  g e n e r a l ly  l i e  on much h a rd e r  and l e s s  

e a s i l y  w e a th e re d  s u b s t r a t e ,  and in  areeis w ith  b o th  l a r g e  am ounts o f  

p r e c i p i t a t i o n  and h ig h  r e l i e f .  B oth  f a c t o r s  fa v o u r  th e  r a p id  t r a n s p o r t  

o f  s a l t s  to  th e  s e a  and low io n ic  c o n c e n tr a t io n s  in  th e  la k e  w a te rs  

(Gorham, 1 9 5 7 ) . A lthough  th e r e  i s  n o t  a  d i r e c t  a s s o c ia t io n  betw een 

t o t a l  io n i c  c o n c e n tr a t io n  and s ta n d in g  c ro p  ( a lg a e  a l s o  r e q u i r e  t r a c e  

e le m e n ts  and v ita m in s  e t c . )  th e r e  i s  a  g e n e ra l  c o r r e l a t i o n  (Lund, 1 9 5 7 ).

Four lo w lan d  s i t e s  have been  in v e s t ig a t e d ,  one o f  w hich , R o s th e m e  

M ere, i s  d is c u s s e d  in  th e  fo llo w in g  c h a p te r .  P r i e s t  P o t i s  s i t u a t e d  in  

th e  E n g lis h  Lake D i s t r i c t  b u t i s  a  s m a l l ,  h ig h ly  e u tro p h ic  pond w ith  a  

v e ry  h ig h  a l g a l  p r o d u c t iv i t y .  The s e d im e n ts , a s  w ith  a l l  th o s e  s tu d ie d  

in  t h i s  s e c t i o n ,  have a  h ig h  a u to ch th o n o u s /^ a llo ch th o n o u s  r a t i o .

E lle s m e re  Mere i s  one o f  th e  S h ro p h s ire -C h e s h ire  M eres, a  group 

o f  abou t 50 s m a ll ,  f e r t i l e  la k e s  t y p i c a l l y  occupy ing  ho llow s in  th e  

th ic k  d e p o s i t s  o f  g l a c i a l  d r i f t  c o v e r in g  th e  S h ro p sh ire -C h e s h ire  p la in  

( s e e  R eynolds & S in k e r ,  1976; R eynolds 1 9 7 9 a ). The b a s in s  a re  

p re d o m in a te ly  f e d  by n u t r i e n t - r i c h  g round  w a te r ,  h av ing  o n ly  sm a ll o r  

no in f lo w s ; th e  w a te rs  a re  u s u a l ly  a l k a l i n e  and w e l l - b u f f e r e d .  The 

p h y to p la n k to n  co m p o sitio n  o f  th e  m eres i s  u s u a l ly  dom inated  by d ia to m s, 

d i n o f l a g e l l a t e s  and b lu e -g re e n  a lg a e .  The se d im e n ts  a re  c h a r a c te r ­

i s t i c a l l y  b la c k  o rg a n ic  oozes and c o n ta in  few  m in e ra l p a r t i c l e s  (R eynolds 

& S in k e r ,  1 9 7 6 ).
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The N o rfo lk  B roads w ere form ed around  th e  f o u r te e n th  and 

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

d ig g in g s  on th e  a l k a l in e  p e a t  d e p o s i t s  o f  th e  N o rfo lk  r i v e r  v a l le y s  

( E l l i s ,  1965 ) .  O ver th e  peist few decad es many o f  th e  b ro a d s  have 

become e n r ic h e d ,  commonly by sewage e f f l u e n t  and/or r u n - o f f  o f  

a g r i c u l t u r a l  f e r t i l i s e r ,  and e x te n s iv e  s ta n d s  o f  subm erged a q u a t ic  

m acrophy tes have been  r e p la c e d  by d ense  p h y to p la n k to n  p o p u la t io n s  

(Mason & B ry a n t ,  1975; Moss, 1977; P h i l l i p s  e t  a l . ,  i n  p r e s s ) .  

U pton B road , i n v e s t ig a t e d  in  t h i s  s tu d y , s t i l l  r e t a i n s  abundan t sub­

m erged m acro p h y tes  and c l e a r  w a te rs  (Moss e t  a l . ,  in  p r e s s ) .

2 .  PRIEST POT

a . S i t e

P r i e s t  P o t (NGR SD 357977) i s  a  sm a ll pond a d ja c e n t  t o  E s th w a ite  

W ater ( s e e  f i g u r e  4#1a) w ith  an a re a  o f  1 x 10^ m^ and a  maximum d e p th  

o f  4 m. I t  i s  f e d  by g ro u n d w ate r, f i e l d  d r a in s  and two o r  t h r e e  slow  

flo w in g  d i t c h e s ,  one o f  w hich c a r r i e s  e f f l u e n t  from  th e  n e a rb y  farm  

y a rd .  The ca tch m en t i s  s m a ll ,  c o n s i s t in g  o f  f e r t i l i s e d  f i e l d s  and a  

sm a ll a r e a  o f  ro u g h  g r a z in g .

The pond i s  h ig h ly  e u tro p h ic  due to  th e  in f lo w  o f  fa rm  e f f lu e n t  

and ru n  o f f  from  th e  su rro u n d in g  la n d ,  b o th  o f  w hich  a r e  r i c h  in  

n u t r i e n t s ,  e s p e c i a l l y  n i t r o g e n  and p h o sp h o ru s . D e ta i l s  o f  s u r f a c e  

w a te r  c h e m is try  a r e  g iv e n  in  B e lc h e r , Swale & H eron (1966) and d is s o lv e d  

geises in  G ou lder ( l9 7 1 b ) .
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b . The sed im ent

G oulder (1971 a» 1971b, 1972a, 1972b) examined th e  sed im en ts  o f 

P r i e s t  P o t in  h is  s tu d y  on th e  l a r g e r  c i l i a t e d  p ro to z o a . He d e s c r ib e s  

J e n k in  c o re s  a s  t y p i c a l l y  hav ing  a g reen ish -b ro w n  la y e r ,  1-2  cm th ic k ,  

o v e r ly in g  a more com pact b la c k  mud. The o rg a n ic  c o n te n t (by lo s s  on 

ig n i t io n )  was 50% a t  th e  s u r f a c e .

The c o re  f o r  t h i s  s tu d y  was tak en  a t  th e  F .B .A . buoy ( in  4 m o f 

w a te r)  in  A ugust 1978. The s u r fa c e  c o n s is te d  o f  a g re e n -g re y  f lo e  which 

was o v e r ly in g  5 cm o f b la c k , u n c o n s o lid a te d , ooze. From 5-20 cm th e  

sedim ent was d a rk  brown, betw een 20-70 cm brown and below 70 cm o ran g e- 

brown in  c o lo u r  and more c la y e y  in  t e x tu r e .

c .  P h y to p lan k to n

The p e r i o d i c i t y  o f  th e  p h y to p lan k to n  (1974-1976) o f  P r i e s t  P o t 

has been exam ined by D r. A .E . I r i s h  (u n p u b lish e d  d a ta )  and t h e  r e s u l t s  a r e  

rep roduced  w ith  h is  p e rm is s io n . Samples were tak en  w ith  a one m etre  

w ate r sam pler ( I r i s h ,  1 9 7 9 ).

In  1975 th e  s p r in g  maximum was c h a r a c te r i s e d  by th e  d ia tom  

C y c lo te l la  p s e u d o s te l l ig e r a  and s p e c ie s  o f C ryptom onas. A s t e r io n e l la  

form osa was a l s o  common in  th e  p la n k to n . D uring th e  summer la r g e  

p o p u la tio n s  o f  a lg a e  b e lo n g in g  to  th e  C h lo ro c o c c a ie s  and V o lv o ca les  

occurred^ n o t a b l y  D ic ty o sp h ae riu m  sp . (maximum 62600 c e l l s  ml  ̂) and 

D iacan thos b e len o p h o ru s  Io rsh ik o v (51150 c e l l s  ml” ^ ) .  Scenedesm us sp p .

( a t  l e a s t  seven  d i f f e r e n t  s p e c ie s  a re  th o u g h t to  o c c u r , I r i s h  -  p e rso n a l 

ccxranunication) a re  common d u rin g  th e  summer (max. 0-1 m c i r c a  17000 

c e l l s  ml” ^ ) b u t l a r g e r  p o p u la t io n s  can occu r a t  d e p th . Summer maximum 

c h lo ro p h y ll a  l e v e l s  (1974-1976) v a r ie d  from  400 -  1300 pg 1 ( c f .

E s th w aite  maximum < 4 0 0 ) . O ccas io n a l o b s e rv a tio n s  in  o th e r  y e a rs
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have y ie ld e d  s im i la r  r e s u l t s  (Lund -  p e rs o n a l co m m un ica tion ). W ater 

bloom s o f  b lu e -g re e n  a lg a e  a re  v e ry  r a r e  b u t l a r g e  p o p u la t io n s  o f  

A phanothece can  o c c u r .

The m orphology o f  C y c lo te l l a  p s e u d o s te l l ig e r a  from  P r i e s t  P o t 

h as  been  exam ined by B e lc h e r ,  Swale & Heron (1 9 6 6 ) .

d .  A lg a l rem a in s

i .  n o n - s i l i c e o u s  rem a in s

Sm all s p e c ie s  o f  C h lo rophyceae dom inate  th e  p h y to p la n k to n  o f  

P r i e s t  P o t b u t o n ly  s p e c ie s  o f  Scenedesm us w ere r e c o rd e d , in  any num ber, 

from  th e  s e d im e n ts .  The o c c a s io n a l  P ed ia s tru m  co lo n y  vas o b se rv e d  and 

a  few  s m a l l ,  u n i d e n t i f i e d ,  b lu e -g re e n  c o lo n ie s .

The c o lo n ie s  o f  Scenedesm us w hich composed th e  s u r f a c e  g re e n  

f l o e  on th e  c o re  ( f i g u r e  4 . 2 ) ,  c o n ta in e d  c e l l s  w ith  h e a l th y - lo o k in g  

c h l o r o p l a s t s .  W ith  d e p th  th e r e  was a  sh a rp  d e c l in e  in  abundance o f  

c e l l s  and an in c r e a s e  in  th e  r e l a t i v e  num bers w ith o u t c o n te n ts  a n d /o r  

p ig m e n ta t io n  (p h a se  c o n t r a s t  f a c i l i t a t e d  c o u n tin g  th e s e  c o l o n ie s ) .

The p r o f i l e  o f  th e  Scenedesm us rem a in s  i s  s im i la r  to  th o s e  

o b ta in e d  f o r  o th e r  n o n - s i l i c e o u s  rem ain s  from  th e  h ig h la n d  la k e s  

(C h ap te r  3) and s u g g e s ts  t h a t  l a r g e  s c a le  p r e s e r v a t io n  does n o t  o c c u r .

i i .  s i l i c e o u s  rem a in s

The p la n k to n ic  d ia to m s in  th e  c o re  ( f i g u r e  4 .3 )  w ere d o m inated  

by C y c l o te l l a  p s e u d o s t e l l i g e r a , and to  a  l e s s e r  e x te n t  A s t e r io n e l l a  

fo rm o sa . O th e r s p e c ie s  commonly re c o rd e d  w ere F r a g i l a r i a  c r o to n e n s i s , 

C y c lo te l l a  m en eg h in ian a  K ü tz in g , T a b e l l a r i a  f lo c c u lo s a  v a r .  a s t e r i o n e ­

l l o i d e s  (n o t  on d iag ram ) and v a r io u s  sm a ll S yned ra  s p e c ie s  ( in c lu d e d  

w ith  th e  *n o n -p ia n k to n ic *  d ia to m s ) .  The number o f  a t ta c h e d  and b e n th ic  

ta x a  show a  s te a d y  in c r e a s e  w ith  d e p th .
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The m o rp h o lo g ic a l v a r i a t i o n s  found  in  C y c lo te l l a  p s e u d o s te l l ig e r a  

by B e lc h e r  e t  a l . (1966) in  th e  p la n k to n  w ere a l s o  o b se rv ed  in  th e  c o re  

m a te r i a l .  The p la n k to n ic  d ia to m s do n o t  show any s t r a t i g r a p h i e  

d i s c o n t i n u i t i e s ,  a lth o u g h  d i f f e r e n c e s  may be masked by th e  sp a c in g  o f  

th e  sam p ling  i n t e r v a l  (4  cm ).

I t  a p p e a rs  t h a t  th e  e u t r o p h ic  c o n d i t io n s  w hich now p r e v a i l  in  

P r i e s t  P o t have been  p r e s e n t  o v e r  th e  p e r io d  r e p r e s e n te d  by th e  to p  

20 cm o f  th e  c o r e .  The tim e  sp an  c a n n o t be e s t im a te d  w ith o u t some 

m ethod o f  d a t in g  th e  s e d im e n ts .

3 . ELLESMERE HERE

a .  S i t e

E lle sm e re  Mere (NGR SJ 406350) l i e s  on b o u ld e r  c la y  d e p o s i t s  

and i s  one o f  a  g roup  o f  m eres s i t u a t e d  around  th e  town o f  E lle s m e re . 

The la k e  ( f i g u r e  4 .4 )  h as  an a r e a  o f  0 .4 7  km and a  maximum d e p th  o f  

1 9 .5  m. The s u r f a c e  in f lo w s  a r e  sm a ll and th e  r e s id e n c e  tim e  o f  th e  

w a te rs  i s  p ro b a b ly  in  th e  o rd e r  o f  2 -3  y e a r s  (R ey n o ld s, 1 9 7 9 a ). The 

catchm en t i s  p a r t l y  a g r i c u l t u r a l  la n d ,  m a in ly  p a s t o r a l ,  and p a r t l y  

u rb an  s in c e  p a r t  o f  th e  town o f  E lle s m e re  l i e s  w i th in  th e  c a tc h m e n t. 

M ains sew erage ta k e s  th e  e f f l u e n t  from  th e  town to  a  t r e a tm e n t w orks 

beyond th e  m ere (R ey n o ld s , 1 9 7 3 ).

E lle sm e re  Mere i s  a  c a lc a r e o u s  la k e ,  r i c h  in  p h o sp h a te  and 

m o d e ra te ly  so  in  n i t r o g e n  (R ey n o ld s , 1 9 7 3 ).
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f i g u r e  4 . 4
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b . The sed im en t

The c o re s  w ere ta k e n  in  May 1978 from  th e  d e e p e s t  a r e a  o f  th e  

m ere . T h ere  \ras l i t t l e  v i s u a l  s t r a t i g r a p h y ,  th e  sed im en t was composed 

o f d a rk  brown muds o v e r la in  by a  s l i g h t l y  d a rk e r  o o ze .

c .  The p h y to p la n k to n

The p h y to p la n k to n  p e r i o d i c i t y  o f  th e  m ere wais exam ined i n  1967 

and 1968 by R eynolds (1 9 7 3 ) . The la k e  i s  a t y p i c a l  o f  many m eres 

(a lth o u g h  v e ry  s im i l a r  to  E o s th e m e  Mere -  s e e  fo l lo w in g  c h a p te r )  in  

t h a t  th e  p la n k to n  i s  s p a r s e  f o r  th e  f i r s t  f o u r  m onths o f  th e  y e a r .

The dom inant d ia to m s a re  s im i l a r  to  th o s e  fo u n d  i n  o th e r  m e re s , 

c o n s i s t in g  p re d o m in a n tly  o f  A s t e r io n e l l a  fo rm o sa  and M e lo s ira  g r a n u la ta . 

From May u n t i l  autumn th e  p h y to p la n k to n  i s  dom inated  by b lu e -g re e n s  

and d i n o f l a g e l l a t e s .  Anabaena c i r c i n a l i s  R ab en h ., ex  B orn , e t  F Ia h . 

was ab undan t in  b o th  y e a r s  and weis su cceed ed  by M ic ro c y s t i s  a e ru g in o s a . 

Subdom inant in  th e  autumn and summer w ere M ic ro c y s t is  w e s e n b e rg ii  

Komarek, C era tiu m  h i r u n d i n e l l a  and v a r io u s  C h lo ro p h y c eae .

d . A lg a l rem a in s

i .  n o n - s i l i c e o u s  rem ain s

The se d im e n ts  o f  E lle sm e re  Mere c o n ta in  many n o n - s i l i c e o u s  a lg a e

and t h e i r  rem a in s  can  be found  th ro u g h o u t th e  c o re  ( f i g u r e  4 . 5 ) .  The

m ost abundan t rem a in s  a r e  th e  r e s t i n g  sp o re s  o f  C e ra tiu m , A nabaena and

Aphanizom enon; c o lo n ie s  o f  M ic r o c y s t i s , P e d ia s tru m  and C o e la s tru m ; 

and c e l l s  o f  S ta u re is tru m .

A p art from  th e  u p p er s t r a t a  th e  C era tiu m  c y s t s  o b se rv e d  in  th e  

sed im en ts  w ere d e v o id  o f  c o n te n ts  e x c e p t f o r  a  sm a ll o range-b row n
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F ig u re  4 .5  

E lle s m e re  Mere -  a lg a l  rem ains

a .  C e r a t i u m  h i r u n d i n e l l a  ; c y s t s  ( s h a d i n g  =  w i t h  c o n t e n t s )

b .  M i c r o c y s t i s  a e r u g i n o s a  ;  c o l o n i e s

c .  A n a b a e n a  s p p  :  a k i n e t e s

d .  S t a u r a s t r u m  s p p  :  c e l l s

e .  P e d i a s t r u m  s p p  ; c o l o n i e s

f .  C o e l a s t r u m  s p  :  c o l o n i e s

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

h .  A p h a n i z o m e n o n  f l o s - a q u a e  ;  a k i n e t e s
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i n t r a c e l l u l a r  r e s id u e ,  a  common f e a t u r e  in  p re s e rv e d  C era tiu m  c y s t s  

f r a n  o th e r  l a k e s .

A k in e te s  o f  A nabaena and Aphanizom enon w ere p r e s e n t  th ro u g h o u t 

th e  c o re  and o c c a s io n a l ly  c o n te n ts ,  s im i l a r  in  ap p ea ran ce  to  th o s e  

fo u n d  in  th e  p la n k to n , w ere o b se rv e d . The v i a b i l i t y  o f  b lu e -g re e n  

a k in e te s ,  from  E o s th e m e  M ere, was t e s t e d  (C h a p te r  6 ) .  The rem a in s  

o f  M ic ro c y s t is  c o lo n ie s  w ere a l s o  found  a t  a l l  d e p th s .  N ear th e  

i n t e r f a c e  th e  c o lo n ie s  w ere d en se  and d a rk  g re e n  b u t a t  d e p th  th e  

p ig m e n ta tio n  fa d e d  and th e  m u c ilag e  c o n ta in e d  few er c e l l s .

L arge  num bers o f  P e d ia s tru m  c o lo n ie s ,  a lo n g  w ith  s m a l le r  am ounts 

o f  C o e la s tru m , w ere re c o rd e d  n e a r  th e  i n t e r f a c e .  The c e l l  c o n te n ts  

w ere i n t a c t  in  th e  u p p er s t r a t a  b u t w ere a b s e n t a t  d e p th . The 

C o e la s tru m  c o lo n ie s  showed a  te n d en cy  to  c o l l a p s e ,  r e s u l t i n g  in  an 

a r r a y  o f  sh ap es  w hich  h in d e re d  i d e n t i f i c a t i o n .  The h ig h ly  r e s i s t a n t  

c e l l  w a l l s  o f  P e d ia s tru m  w ere p r e s e n t  th ro u g h o u t th e  c o re  b u t th o s e  o f  

C o e la s tru m  ap p ea r to  be l e s s  r e s i s t a n t .  A sm a ll number o f  Scenedesm us 

c o lo n ie s  w ere re c o rd e d  in  th e  topm ost 4 cm.

Amongst th e  n o n - s i l i c e o u s  a lg a e  o f  E lle sm e re  Mere th e  ta x a  

w hich  form  th e  abundan t summer p o p u la t io n s ,  M ic r o c y s t i s , A nabaena and 

C e ra tiu m , a re  w e ll r e p r e s e n te d  in  th e  s e d im e n ts .  The re m a in s , u n l ik e  

th o s e  found  in  th e  h ig h la n d  d e p o s i t s ,  w ere n o t  r e s t r i c t e d  to  th e  

f lo c c u l^ n t  s u r f a c e  l a y e r s .  T h e re fo re  i t  a p p e a rs  t h a t  th e  sed im en ts  

o f  E lle sm e re  Mere p re s e rv e  c e r t a i n  a lg a e ,  s in c e  th e s e  show l i t t l e  

e v id e n c e  o f  d eco m p o sitio n  w ith  d e p th . The ab sen ce  o f  d e t a i l e d  r e c o rd s  

p re c lu d e s  any d is c u s s io n  on th e  d i s c r e t e n e s s  o f  th e  s t r a t i g r a p h y  o r  th e  

v a l i d i t y  o f  p a s t  a lg a l  g issem blages.
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ii. siliceous remains

The d ia to m s in  th e  E lle sm e re  Mere se d im e n ts  w ere dom inated  by 

S te p h a n o d is c u s  h a n tz s c h i i  w hich t y p i c a l l y  co m p rised  o f  o v e r 75% o f  th e  

t o t a l  num ber o f  d ia to m s re c o rd e d  ( f ig u r e  4 . 6 ) .  O th e r common s p e c ie s  

w ere A s t e r i o n e l l a  fo rm o sa , M e lo s ira  g r a n u la ta  and S te p h a n o d isc u s  

a s t r a e a , w ith  sm a ll num bers o f  F r a g i l a r i a  c r o to n e n s i s .

The c e l l  m orphology o f  S te p h a n o d iscu s  h a n tz s c h i i  vas found  to  be 

e x tre m e ly  v a r i a b l e ,  b o th  in  c e l l  s i z e  and s t r i a e  p a t t e r n s .  Two ty p e s  

w ere i d e n t i f i e d ,  ty p e  *a* i s  th e  commonly i l l u s t r a t e d  form  w h ile  ’ b* 

may be m is ta k e n  f o r  S te p h a n o d isc u s  te n u is  H u s te d t (D r. E .Y . Haw orth -  

p e r s o n a l co m m u n ica tio n ). Type *b* has n o t  been  common i n  th e  p la n k to n , 

o c c u r in g  i n  o n ly  two p e r io d s  d u rin g  th e  tim e  sp an  r e p r e s e n te d  by th e  

c o r e .  B e lc h e r ,  Sw ale & Heron (1966) showed t h a t  v a r i a t i o n  in  c e l l  

m orphology o f  C y c l o te l l a  p s e u d o s te l l ig e r a  was c o r r e l a t e d  w ith  a l t e r a t i o n s  

in  s i l i c a  c o n c e n t r a t io n s  and t h i s  may a l s o  be t r u e  f o r  th e  d i f f e r e n t  

form s o f  S . h a n t z s c h i i  o b se rv e d .

S te p h a n o d is c u s  a s t r a e a  was enum erated  on f r e s h  and d ig e s te d  

m a te r ia l  (com pare f i g u r e s  4 -5  and 4 . 6 ) .  Q u a l i t a t i v e ly  th e  p r o f i l e s  

a re  e x tre m e ly  s im i la r  b u t q u a n t i t a t i v e l y  th e y  show sm all d i f f e r e n c e s .

The a n o m a lie s  may be due to  a  number o f  f a c t o r s  in c lu d in g :

a )  th e  in c r e a s e d  e r r o r  in v o lv e d  in  co u n tin g  a  s m a l le r  volum e o f  

m a te r i a l  (an d  hence l e s s  in d iv id u a l s )

b ) th e  d e s t r u c t io n  o r  l o s s  o f  some f r u s t u l e s  d u r in g  d ig e s t io n  and 

m oun ting

c )  th e  co n cea lm en t o f  th e  c e l l s  by o th e r  p a r t i c l e s  on th e  f r e s h  

m o u n ts .

The l a s t  e r r o r  i s  m ost l i k e l y  to  be th e  m ost s i g n i f i c a n t  s in c e  d i l u t i n g  

a th i c k ly  c o v e re d  s l i d e  o f te n  gave a  l a r g e r  r e s u l t .  However th e
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sed im en t was d i l u t e d  to  g iv e  s u f f i c i e n t  num bers o f  n o n - s i l i c e o u s  rem a in s  

to  c o u n t, w hich w ere t y p i c a l l y  l e s s  num erous.

When com pared to  th e  d ia to m  assem blages  o f  G rasm ere and 

E l te r w a te r  th e  r e l a t i v e  abundance o f  n o n -p la n k to n ic  s p e c ie s  i n  th e  

se d im e n ts  i s  v e ry  low . The c o u n tin g  o f  s ix  dom inant p h y to p la n k te r s  

made up o v er 90% o f  th e  t o t a l  number o f  d ia to m  f r u s t u l e s  found  in  th e  

deep  w a te r  s e d im e n ts . I f  th e  u p p er and low er 25 cm o f  th e  c o re  a r e  

com pared th e r e  a p p e a rs  to  be a  r e c e n t  in c re e ise  in  th e  num bers o f  

A s t e r io n e l l a  fo rm osa  and a  d e c re a se  in  S te p h a n o d isc u s  a s t r a e a . The 

abundance o f  M e lo s ira  g r a n u la ta  and S te p h a n o d isc u s  a s t r a e a  a p p e a rs  to  

be more v a r i a b l e .

4 .  UPTON BROAD

a . S i t e

Upton B road  (NGR TG 389134) i s  a  b y -p a s s  b ro ad  in  th e  m ain 

v a l le y  o f  th e  R iv e r  B ure , a lth o u g h  i t  has no d i r e c t  c o n n e c tio n  w ith  th e  

r i v e r  ( f ig u r e  4 .1 b ) .  I t  l i e s  abou t one m ile  from  th e  B ure and i s  

su rro u n d ed  by d ra in e d  g ra z in g  m arsh . U n lik e  o th e r  b ro ad s  th e r e  a r e

no t i d a l  f l u c t u a t i o n s  o r  o th e r  r e g u la r  w a te r  movement.
2

The b ro ad  i s  sm a ll ( 0 .5  km ) and e x tre m e ly  sh a llo w . Lam bert & 

J e n n in g s  (1951 ) show a  maximum o f  1 .7  m d e p th  b u t in  A ugust 1978 a  b r i e f  

su rv ey  found  o n ly  1 .0  m o f  w a te r .  The s u r f a c e  in f lo w  i s  a  s lo w -f lo w in g  

dyke. I t  i s  s i t u a t e d  in  e x te n s iv e  a ld e r  w oodland, w hich has d ev e lo p ed  

o v er l a c u s t r i n e  muds, w ith  a  t h i n  m arg in  o f  reedswamp and fe n  ( J e n n in g s  

& L am bert, 1951; Lam bert & J e n n in g s ,  1951; L am bert, 1 9 5 1 ). U n lik e  

many o f  th e  N o rfo lk  B roads to d a y , U pton t y p i c a l l y  c o n ta in s  abundan t 

submerged m acro p h y tes , p re d o m in a n tly  N a ja s  m arin a  L.
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A sm all m ixed farm  l i e s  c lo s e  to  th e  s o u th e rn  edge o f  th e  b ro a d . 

E f f lu e n t  from  th e  p ig g e ry  may r e a c h  th e  in f lo w in g  w a te rs  (Moss e t  a l . ,  

i n  p r e s s ) .

b .  The sed im en ts

L am bert & J e n n in g s  (1951 ) d e s c r ib e  th e  se d im e n ts  ais a  th ic k  

d e p o s i t  o f  s o f t  uncom pacted o rg a n ic  and c a lc a r e o u s  muds form ed by th e  

a c c u m u la tio n  o f  a q u a t ic  p la n ts  and a n im a ls . They found  th e  d e p th  o f  

m a te r i a l  v a r ie d  from  1 .4  m to  0 .8  m and wets u n d e r la in  by g ra n u la r  wood 

p e a t .

Moss e t  a l . ( i n  p r e s s )  found  th e  se d im e n ts  had a  h ig h  m arl 

c o n te n t  w hich  th e y  a t t r i b u t e  to  c a l c i t e  p r e c i p i t a t i o n  cau sed  by th e  

in t e n s e  summer p h o to s y n th e s is  o f  th e  m acrophy te  b eds  ( c f .  W e tze l, 1 9 6 6 ). 

Moss e t  a l . exam ined th e  d ia to m s from  a  c o re  d a te d  by L ead-210 . The 

d a t in g  r e v e a le d  an in c re a s e d  r a t e  o f  sed im en t acc u m u la tio n  in  r e c e n t  

y e a r s .  From c i r c a  65 cm ( c i r c a  1400 -  50 AD) to  24-25  cm (1935 -  7) 

th e  a v e ra g e  d e p o s i t io n  r a t e  was 0 .7  mm y r ”  ̂ and s in c e  1935 t h i s  has 

in c r e a s e d  to  c i r c a  12 mm yr"^  in  th e  1970*s .

C o res  f o r  t h i s  s tu d y  w ere ta k e n  from  th e  c e n t r e  o f  th e  la k e  in  

A ugust 1978 ( l  m o f  w a te r ) .  The topm ost 20 cm o f  th e  sed im en t column 

was b r ig h t  green | a n d  o v e r l a i d a  l i g h t  brown m a r l - l i k e  d e p o s i t .  The 

bo tto m  o f  th e  c o re s  (below  c i r c a  70 cm) c o n s i s te d  o f  d a rk  brown p e a t  

( P l a t e  l ) .  The p e a t  was o n ly  c o re d  on th r e e  o u t o f  f i v e  o c c a s io n s  

show ing t h a t  th e  d e p th  o f  th e  l a c u s t r i n e  d e p o s i t s  v a r ie d .  The brown 

la k e  sed im en t c o n ta in e d  many m o llu sc  s h e l l s  and c a l c i f i e d  p a r t i c l e s .

I t  was s t r e a k e d  w ith  d a rk e r  g rey -b row n  b a n d s . The g reen  sed im en t was 

e x tre m e ly  f lo c c u le n t  and had a  p u n g e n t, s u lp h id e ,  s m e l l .  The s u r f a c e  

muds c o n ta in e d  sm a ll g as  p o c k e ts  and in  s h a llo w e r  w a te r  b u b b le s  w ere 

se e n  r i s i n g  from  th e  s e d im e n t.
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PLATE I

O ne-m etre c o re  from  Upton B road , N o rfo lk
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The sed im en t v a s  composed o f  many sm all a g g re g a te s  (up  to  0 .5  mm 

in  d ia m e te r ) .  T hese  w ere p red o m in an tly  o f  o rg a n ic  re m a in s , in  f a c t  

th e  number o f  m in e raü. p a r t i c l e s  was v e ry  s m a ll .  To s e p a r a te  th e  

a g g re g a te s ,  w h ich  bound th e  a lg a l  rem ain s  to g e th e r ,  th e  sam p les w ere 

p la c e d  in  an MSE u l t r a  s o n ic a to r  (30  s e c s  a t  84V ).

The b a c te r iu m  A chrom atium  was abundant on th e  s u r f a c e  o f  th e  

c o re .  I t  i s  a  genus t y p i c a l l y  found  a t  th e  i n t e r f a c e  o f  a n o x ic -o x ic  

en v iro n m en ts  i n  a s s o c i a t i o n  w ith  decay in g  o rg a n ic  m a te r i a l ,  o f te n  o f  

a lg a l  o r i g i n ,  w here hydrogen  s u lp h id e  i s  p r e s e n t  (L in to n  e t  a l . ,  1 9 7 1 ).

c .  P h y to p la n k to n

The p la n k to n  o f  U pton B road a p p e a rs  to  be  v e ry  s p a r s e ,  th e  b u lk  

o f th e  p rim ary  p ro d u c t io n  seem in g ly  u n d e rta k e n  by b e n th ic  a lg a e ,  

p a r t i c u l a r l y  b lu e -g r e e n s .

Sam ples ta k e n  i n  1951 ( J u ly )  and 1952 (S ep tem ber) w ere exam ined 

by D r. J .V .G . Lund (u n p u b lish e d  d a t a ) .  I n d iv id u a ls  o f  C ryp tom onas, 

Rhodomonas, P e d ia s tru m , P e r id in iu m , M e lo s ira , S y n ed ra  and| C h r o o c o c g t i s  

were r e c o rd e d .

P h i l l i p s ,  Eminson & Moss ( in  p r e s s ,  c i t e d  by Moss e t  a l . in  p r e s s )  

have re c o rd e d  a  heavy  g row th  o f  f ila m e n to u s  a lg a e ,  p a r t i c u l a r l y  S p iro g y ra  

s p . ,  in  r e c e n t  y e a r s .  The grow th  o f  f i la m e n to u s  a lg a e  i s  b e l ie v e d  to  

be sym ptom atic o f  th e  e a r l y  s ta g e s  o f  s u f f i c i e n t l y  s e v e re  e n ric h m en t 

f o r  m acrophyte g row th  t o  be  r e s t r i c t e d .

A p h y to p la n k to n  sam ple ta k e n  in  A ugust 1978 weis v e ry  s p a r s e ,  

w ith  a  sm a ll number o f  C e ra tiu m  h iru n d in e l  1 a , IC h r o o c o c c u s  * and 

S ta u ra s tru m  sp p . in  a  s u s ta in e d  n e t  tow .
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d. Algal remains

i .  n o n - s i l i c e o u s  rem a in s

The se d im e n ts  o f  Upton B road  a r e  n o ta b le  in  t h a t  th e y  c o n ta in  

a  g r e a t  number o f  n o n - s i l i c e o u s  rem a in s  b u t v e ry  few d ia to m s . The 

b u lk  o f  th e  ooze i s  composed o f  c o lo n ia l  b lu e -g re e n  a lg a e  w ith  sm a ll 

num bers o f  Scenedesm us and P e d ia s tru m  c o lo n ie s  and s p e c ie s  o f  d esm id s.

The b lu e -g re e n  a lg a e  w hich  d o m in a te  th e  a lg a l  rem ain s  ( f i g u r e

4 . 7 ) a r e  b e n th ic  fo rm s , i . e .  p seu d o v acu o le s  a r e  a b s e n t .  The m u c ila g e ,

w hich  su rro u n d s  th e  c e l l s ,  b in d s  th e  sed im en t (a u th o c h th o n o u s  and 

a l lo c h th o n o u s )  i n t o  l a r g e  g e la t in o u s  a g g re g a te s .  The s e p a r a t io n  by 

u l t r a - s o n i c  d i s i n t e g r a t i o n  was e f f e c t i v e  f o r  th e  b lu e -g re e n s  b u t may 

have frag m e n ted  d e l i c a t e  t a x a .

I d e n t i f i c a t i o n  o f  th e  b lu e -g re e n  a lg a e  from  th e  bo ttom  o f  Upton 

B road p r e s e n ts  a  number o f  p ro b lem s. F i r s t l y  th e  p h y c o lo g ic a l taxonomy 

o f  su ch  fo rm s i s  u n c le a r  and se c o n d ly  th e r e  h as  been  a  r e c e n t  p ro p o sa l

to  p la c e  th e  n o m e n c la tu re  o f  th e  b lu e -g re e n  a lg a e  (o r  c y a n o b a c te r ia )

u n d er th e  r u l e s  o f  th e  I n t e r n a t io n a l  Code o f  N om enclatu re  o f  B a c te r ia  

( S ta n i e r  e t  a l . ,  1 9 7 8 ). T h is  t h e s i s  u se d  th e  n o m e n c la tu re  o f  Kcxnarek 

( Komarek & E t t l ,  1 9 5 8 ).

Two dom inant ta x a  w ere p r e s e n t  in  U pton B road . The f i r s t  had 

o v a l c e l l s  o f  4 -5  um by 8 -9  um in  a  c l e a r ,  th i c k  m u c ilag e  ( P la t e  I l a )  

and was i d e n t i f i e d  as  A phanothece e le b a n s  (B re b is s o n )  E le n k in . The 

second  ta x a  had s m a l le r  c e l l s  ( c i r c a  1 . 5 -  2 .5  um x 3 -  5 um) in  c l e a r  

m u c ilag e  ( P la t e  l i e )  and was i d e n t i f i e d  a s  A phanothece e le b a n s  f .  m inor 

(N ygaard) E le n k in . B oth  a lg a e  had v e ry  c lo s e  c o lo n ie s  o f  i r r e g u l a r  

a r e a  and b o th  a re  b e n th ic  form s (S ta rm ach , 1 9 6 6 ).

The genus A phanothece was p ro p o sed  by N a g e li  (1849) f o r  o rg an ism s 

l i k e  Synechococcus t h a t  d e v e lo p  a s  i r r e g u l a r  a g g re g a te s  in  a  m u c ila g e .
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F ig u re  4 .7  

U pton B road -  a l g a l  rem ain s

a . A phanothece e le b a n s  : c o lo n ie s

b . A phanothece e le b a n s  f o .  m inor : c o lo n ie s

c .  Scenedesm us spp : c e l l s

d . u n id e n t i f i e d  C h lo ro p h y ceae  : in d iv id u a ls

e .  P e d ia s tru m  spp : c o lo n ie s

f . S ta u ra s tru m  spp : c e l l s

g . Cosmarium sp ; c e l l s

h . sed im en t p r o f i l e
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R ippka e t  a l . (1979) c o n s id e r  A phanothece ëis pcirt o f  th e  c y a n b a c te r ia  

genus S y n ech o co ccu s . T h is  i s  d e f in e d  gis u n ic e llu le u r ;  c e l l s  c y l in d r i c a l  

t o  o v o id , s i n g l e  o r  fo rm ing  c o lo n ia l  a g g re g a te s  h e ld  to g e th e r  by 

a d d i t io n a l  o u te r  c e l l  v a i l  l a y e r s ;  r e p ro d u c t io n  i s  by b in a ry  f i s s i o n  

and d iv i s i o n  i s  in  one p la n e ;  th y la k o id s  a re  p r e s e n t  and s h e a th  a b s e n t.

Moss e t  a l . ( i n  p r e s s )  a t t r i b u t e d  th e  g re e n  s t a i n in g  a t  th e  to p  

o f  a  c o r e ,  from  Upton B road , to  A phanothece s ta g n in a  (S p re n g e l)  A. B raun. 

C o lo n ie s  w ere  fo u n d  b o th  f r e e  l i v i n g  and i n  th e  f a e c e s  o f  ch ironom id  

l a r v a e .  The c o lo n ie s  o f  A phanothece e le b a n s  from  U pton c lo s e ly  resem b le  

a  p h o to m ic ro g rap h  from  B rad ley  & B eard  (1969) o f  C o c c o c h lo r is  e le b a n s  

(Agardh.) D ro u e t & D a i ly .  lom arek  r e g a rd s  A phanothece and C o c c o c h lo r is  

gis syncmymous.

The g re e n  c o lo u r a t io n  o f  th e  topm ost 20 cm o f  sed im en t was 

d e r iv e d  from  th e  p ig m e n ta tio n  o f  th e  A phanothece c o lo n ie s .  Below 20 cm 

th e  number o f  c e l l s  t h a t  had l o s t  t h e i r  p ig m e n ta t io n  and/or c o n te n ts  

in c re a s e d ,  a l th o u g h  r e t a i n i n g  a  p a le  y e llo w -g re e n  c o lo u r a t io n  ( P l a t e  I I  

a  and b ) .  The v e ry  p a le  c o lo n ie s  o f  A phanothece e le b a n s  f .  m inor w ere 

v e ry  d i f f i c u l t  to  co u n t and w ere p ro b a b ly  u n d e re s t im a te d .  The number 

o f  A. e le b a n s  was f a i r l y  c o n s ta n t  th ro u g h o u t th e  c o re  ( f i g u r e  4 .6 )  

e x c e p t f o r  th e  p e a ty  l a y e r s  w hich c o n ta in e d  few  C yanophyceae re m a in s .

A. e le b a n s  f .  m inor was n o t  so  abundan t in  th e  c o re  and wgis m a in ly  

re c o rd e d  to w ard s  th e  s u r f a c e .

The p r o f i l e  f o r  th e  Scenedesm us sp p . i s  s im i l a r  t o  t h a t  found  in  

P r i e s t  P o t ( f i g u r e  4 . 1 ) .  T h ere  i s  a  r a p id  d e c re a s e  in  abundance from  

th e  topm ost h o r iz o n s ,  in  w hich many o f  th e  c e l l s  r e t a i n e d  t h e i r  c o n te n ts .  

O th e r s m a l l ,  u n i d e n t i f i e d ,  C h lo rophyceae  c o lo n ie s  w ere found  n e a r  th e  

s u r f a c e  w h ile  th o s e  o f  P e d ia s tru m  w ere p r e s e n t  th ro u g h o u t th e  c o re  

( f ig u r e  4 . 7 ) .
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PLATE I I

A phanothece rem a in s  from  U pton Broad

a .  A phanothece e le b a n s

co lo n y  from  c o re  s u r f a c e

b . A phanothece e le b a n s

co lo n y  from  44-45  cm s e c t io n  ( c i r c a  1640 AD)

c .  A phanothece e le b a n s  f . m inor 

co lo n y  from  s u r f a c e  s e c t io n

m a g n if ic a t io n  x 1600
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The dom inant desmid g en e ra  in  th e  c o re  were S tau rastru m  and 

Cosmarium, th e  l a t t e r  was more common in  th e  low er s e c t io n s  of th e  c o re .  

The c e l l s  o f Cosmarium were deg raded  w hich made id e n t i f i c a t i o n  d i f f i c u l t  

and th e  o c c a s io n a l in d iv id u a l  o f  M ic r a s te r ia s  may have been in c lu d ed  in  

th e  c o u n t.

i i c  s i l i c e o u s  rem ains 

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

th e  u p p er 40 cm and were dom inated by th e  genus F r a g i l a r i a  ( f ig u re  4 .8 ) .  

Over 95% o f th e  t o t a l  number o f  v a lv e s  enum erated  were o f fo u r  s p e c ie s ,

F . b r e v i s t r i a t a  Grunow, F. c o n s tru e n s  (E hrenburg ) Grunow, F . p in n a ta  

Ehrenburg and F . e l l i p t i c a  Schumann. The c o re  a ls o  c o n ta in ed  th e  

occc isional f u s tu l e s  o f  F r a g i l a r i a  v a u c h e r ia e  (K ü tz in g ) Boye P e te rso n , 

N a v ic u la  sp p . and Synedra a rc u s  K ü tz in g .

Moss e t  a l . ( in  p r e s s )  d e s c r ib e  th e  d ia tom  f l o r a  in  th e  sed im en ts  

o f  Upton Broad in  more d e t a i l .  They show th a t  d iatom  c o n c e n tra tio n s  

were low d u rin g  much o f  th e  l a k e 's  h i s to r y  bu t in c re a s e d  from  about 

1935 ( c i r c a  20 cm).

5. DISCUSSION

In  c o n t r a s t  to  th e  l im i te d  number o f n o n - s i l ic e o u s  a lg a l  rem ains 

w hich a re  p re se rv e d  in  th e  sed im en ts  o f  th e  h ig h lan d  la k e s ,  th e  d e p o s i t s  

o f E lle sm ere  M ere, Upton B road, and P r i e s t  Po t c o n ta in  a w ealth  o f 

rem a in s . B oth E lle sm ere  Mere and Upton Broad show ev idence of long  

term  p re s e rv a t io n  o f  th e se  a lg a e .

In  acco rd  w ith  K o rd e 's  f in d in g s  ( i9 6 0 , 1966) a lg a l  p re s e rv a t io n  

in  th e  sed im en ts  ap p ea rs  to  be s e l e c t i v e ,  in  t h a t  o n ly  s p e c i f ic  rem ains
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o f  c e r t a i n  ta x a  a r e  r e c o rd e d . F or exam ple, o f  th e  24 g e n e ra  (e x c lu d in g  

th e  d ia to m s)  fo u n d  in  th e  p h y to p la n k to n  o f  E lle sm e re  Mere (R eyno lds, 

1973) o n ly  7 w ere  re c o rd e d  in  th e  sed im en ts  ( t a b l e  4 a ) .  The sm a ll ,  

u n i c e l l u l a r  a lg a e  a r e  n o t  p re s e rv e d  e .g .  C h io r e l l a « Rhodomonas, and 

A n k is tro d e sm u s . A lthough  some o f  th e  c o lo n ia l  b lu e -g r e e n s ,  such  as 

M ic ro c y s t is  and A phano thece, a r e  p re s e rv e d ,  th e  m u c ilag e  a n d /o r  c e l l s  

o f  th e  c o lo n ia l  g re e n s , such  as E u d o rin a , do n o t  a p p ea r to  r e s i s t  

d e c o m p o s itio n .

The p h y to p la n k to n  o f  P r i e s t  P o t i s  dom inated  by C h lo rophyceae  

and, a p a r t  from  Scenedesm us, th e  la c k  o f  a lg a l  rem a in s  may be due n o t 

so  much to  u n s u i t a b le  e n v iro n m e n ta l c o n d i t io n s  f o r  p r e s e r v a t io n  b u t more 

to  th e  c o m p o s itio n  o f  th e  p h y to p la n k to n . The sm a ll g re e n  a lg a e  and 

cryp tom onads a r e  seem in g ly  e i t h e r  consumed by g ra z in g  z o o p lan k to n  o r  

a r e  r a p id l y  decom posed in  th e  w a te r  column and i n  th e  s u p e r f i c i a l  

s e d im e n ts . The f a c t  t h a t  l a r g e  num bers o f  Scenedesm us c o lo n ie s  a re  

fo u n d  w ith in  th e  sed im en t column o f  P r i e s t  P o t t o  a  d e p th  o f  c i r c a  8 cm, 

a l b e i t  w ith  a  s te a d y  d e c l in e  from  th e  s u r f a c e  and in c r e a s in g  lo s s  o f  

c o n te n ts ,  s u g g e s ts  t h a t  d eco m p o sitio n  r a t e s  w i th in  th e  muds a re  slow  

in  P r i e s t  P o t and  p e rh a p s  th e  more r e s i s t a n t  a lg a e  c o u ld  be p re s e rv e d .

I t  i s  n o ta b le  t h a t  few  in d iv id u a l s  o f  Scenedesm us w ere re c o rd e d  below  

c i r c a  10 cm in  th e  se d im e n ts  o f  U pton B road w hich  c o n ta in  a  g r e a t  

number o f  p re s e rv e d  a lg a e .  However, i t  i s  n o t  known w h e th e r th e  a lg a  

h as  a lw ays grown in  U pton , o r  i s  a  r e c e n t  a d d i t io n  to  th e  a ssem b lag e .

G o u ld e r 's  work on th e  c i l i a t e d  p ro to z o a  (1971 a ,  1971b, 1972a, 

1972b) o f  P r i e s t  P o t g iv e s  an i n s i g h t  in t o  an aispec t o f  d e c o m p o s itio n . 

The l a r g e r  ( > 150 pm) c i l i a t e s  w ere found  e x c lu s iv e ly  in  th e  to p  

c e n t im e tr e  o f  th e  s e d im e n ts , w ith  p o p u la t io n s  o f  up to  7700 in d iv id u a ls  

cm~^. The common s p e c ie s  P r i e s t  P o t a r e  Loxodes magnus S to k e s  and
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T a b le  4 a  The A lgae -  E lle sm e re  Mere 

(e x c lu d in g  th e  d ia to m s)

2 . C hrysophyceae

3 . C h lo ro p h y ceae

1• Myxophyceae

A nabaena

Aphanizom enon

A phanocapsa

C o elo sp h aeriu m

M ic ro c y s t i s

C hry so co ccu s

A n k is tro d esm u s

B o try o c o ccu s

C h io r e l l a

C lo s te r iu m

D id y m o cy stis

E la k a to th r ix

E u d o rin a

P e d ia s tru m

P h aco tu s

Raphidonem a

Scenedesm us

S ta u ra s tru m

T e tra e d ro n

4 .  E ug lenophyceae
i T r a c h e l o m o n a s

5 . D inophyceae

6 . C ry to p h y ceae

C era tiu m

P e r id in iu m

C ryptom onas

Rhodomonais

A k in e te s  p re se rv e d  

A k in e te s  p re se rv e d

C o lo n ie s  p re se rv e d

C o lo n ie s  p re se rv e d

C o lo n ie s  p re se rv e d  ( a t  s u r f a c e  o n ly )  

C e l l s  p re s e rv e d

C y st w a ll  p re se rv e d

(from  R eynolds (1973 ) )
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Loxodes s t r i a t u s  P en ard  b u t th e y  become s c a r c e  in  th e  sed im en ts  when 

s a p ro b ic  c o n d i t io n s  p r e v a i l  in  th e  hyp o lim n io n  (low  in  oxygen and h ig h  

in  p o t e n t i a l l y  to x ic  s u b s ta n c e s  su ch  a s  s u lp h id e ,  ammonia and ca rb o n  

d io x id e ) .  A s in g l e  Loxodes magnus i s  c a p a b le  o f  d ig e s t in g  betw een 

0 .3 8  and 1 .2 8  c e l l s  p e r  hour and up to  76 Scenedesm us c e l l s  w ere found  

in  a  s in g le  o rg an ism . G ou lder c a l c u l a t e d  t h a t  th e  p o p u la tio n  o f  L . 

magnus ( e s t im a te s  v a r ie d  w id e ly  due to  c o n s id e ra b le  v a r i a t i o n  f rœ i  c o re  

to  c o re )  c o u ld  g ra z e  600-6170 c e l l s  cm”  day  , w hich r e p re s e n te d

0 .0 0 3 -0 .6 8  X o f  th e  s ta n d in g  c ro p .  A lth o u g h  G oulder s t a t e s  t h i s  i s  

n o t  a  s i g n i f i c a n t  num ber, th e s e  e s t im a te s  become 0 .6 -1 2 4 .4  % when 

c a l c u la te d  f o r  a  p e r io d  o f  6 m onths ( i . e .  ap p ro x im a te ly  when th e  w a te rs  

a r e  o x y g en a ted ) w hich may r e s u l t  in  a  s u b s t a n t i a l  l o s s  o f  Scenedesm us 

c o lo n ie s ,  p a r t i c u l a r l y  when o th e r  c i l i a t e s ,  b e n th ic  r o t i f e r s  and 

c r u s ta c e a n s  a r e  c o n s id e re d  -  a l l  o f  w h ich  may a l s o  be fe e d in g  on 

Scenedesm us. G ou lder does n o t  s t a t e  i f  th e  c o lo n ie s  a re  r e c o g n is a b le  

a f t e r  e g e s t io n  from  th e  c i l i a t e s .

The l a c u s t r i n e  d e p o s i t s ,  w hich o v e r l i e  th e  p e a t  o f  Upton B road , 

r e p r e s e n t  o v e r  500 y e a r s  o f  sed im en t a c c u m u la tio n  (Moss e t  a l . ,  in  

p r e s s ) . T h e re fo re  i t  i s  p ro b a b le  t h a t  th e  A phanothece e le b a n s  

c o lo n ie s  w hich  a r e  p re s e rv e d  n e a r  th e  p e a t  boundary  w ere d e p o s ite d  a t  

th e  b e g in n in g  o f  th e  f i f t e e n t h  c e n tu r y .  The c o lo n ie s  w hich r e t a i n  

t h e i r  p ig m e n ta t io n  a re  ab o u t 30 -40  y e a r s  o ld .

The desm ids in  th e  se d im e n ts  o f  U pton B road , a lth o u g h  q u a n t i­

t a t i v e l y  u n im p o r ta n t ,  may g iv e  an i n s i g h t  i n t o  th e  p a s t  en v iro n m en t. 

S p e c ie s  o f  S ta u ra s tru m  w ere found  in  m ost o f  th e  s e c t io n s  exam ined 

(e x c e p t  betw een  10 cm and 20 cm) b u t o n ly  two in d iv id u a l s  w ere re c o rd e d  

in  th e  p e a t i e r  l a y e r s .  T hese  lo w er s t r a t a  a r e  dom inated  by s p e c ie s  

o f  Cosmarium w hich  a re  o f te n  a s s o c ia t e d  w ith  boggy e n v iro n m en ts , a lth o u g h
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some a re  c o sm o p o lita n . The genus S ta u ra s tru m  i s  common in  th e  p la n k to n  

o f  many l a k e s ,  p a r t i c u l a r l y  th o s e  w ith  s o f t  w a te r .  T h e re fo re  i t  can  b e  

h y p o th e s is e d  t h a t  th e  rem a in s  o f  th e  Cosmarium r e p r e s e n t s  a  p e r io d  when 

bog was p r e s e n t ,  b e fo re  th e  la k e  p ro p e r  form ed and S ta u ra s tru m  became 

common. The d e c l in e  in  Cosmarium abundance may r e f l e c t  th e  d e c l in in g  

a r e a  o f  exposed  p e a t  as la k e  mud was d e p o s i te d  around th e  s i t e s  o f  th e  

b ro a d , o v e r w hich  th e r e  i s  now a  f e n - s u c c e s s io n .

D e s p ite  th e  v e ry  sh a llo w  w a te r  th e  sed im en ts  o f  Upton B road 

rem ain  s t r a t i g r a p h i c a l l y  o rd e re d  ( c f .  Pb-210 d a t in g ) .  U n d is tu rb e d  

sed im en t c o re s  have been ta k e n  from  s e v e r a l  sh a llo w  b ro a d s  (Moss e t  a l . ,  

i n  p r e s s ) .  The p re se n c e  o f  i n t a c t  and u n ero d ed  d ia to m  f r u s t u l e s  

th ro u g h o u t th e  c o re  i n d i c a t e s  t h a t  th e  r a p id  in c re a s e  in  v a lv e s  tow ards  

th e  s u r f a c e  i s  n o t  m ere ly  a  s i l i c a  d i s s o lu t i o n  c u rv e .

Moss e t  a l . ( i n  p r e s s )  a t t r i b u t e  th e  r e c e n t  ( c i r c a  1935) in c re a ise  

in  f e r t i l i t y  o f  U pton B road , e v id e n c e d  by in c rea ised  d ia tom  p ro d u c tio n  

and g r e a t e r  s e d im e n ta t io n ,  to  th e  i n t e n s i f i c a t i o n  o f  fa rm in g  and la n d  

f e r t i l i s a t i o n  in  th e  p o s t-w a r  p e r io d .  A f u r t h e r  a c c e le r a t io n  in  th e  

1970*s may be r e l a t e d  to  a  n e a rb y  p ig  fa rm  o r  even g r e a t e r  la n d  

f e r t i l i s a t i o n .  Moss e t  a l . s u g g e s te d  t h a t  th e  la c k  o f  d ia to m s , and th e  

low d i v e r s i t y  o f  th e  f l o r a

" ..m a y  r e f l e c t  th e  • extrem e* chem ica l c o n d i t io n s  o f  a  

h ig h ly  c a lc a r e o u s  la k e  in  w hich  t r a c e  e lem en ts  and 

p h o sp h a te  a r e  r e a d i l y  p r e c i p i t a t e d  o u t w ith  c a rb o n a te  

p a r t i c l e s " .

They a l s o  m en tio n  t h a t  th e  dom inan t m acro p h y te . N a ja s  m a rin a , h a s  a  

sm ooth t e x tu r e  w hich  may n o t  encourzige e p ip h y te  g row th , and th e  p h y to ­

p la n k to n  i s  c o m p a ra tiv e ly  s p a r s e .
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The s u p e r f i c i a l  sed im en ts  o f  U pton B road  have p r e v io u s ly  been 

exam ined by D r . V .H . B ra d le y  (com m unica tions w ith  J .V .G . Lund) and w ere 

fo u n d  to  be s i m i l a r  to  th e  a lg a l  ooze o f  Mud L ake , F lo r id a  (B ra d le y  & 

B eard , 1 9 6 9 ). Mud Lake a l s o  re se m b le s  U pton B road in  t h a t  i t  i s  sh a llo w  

( l e s s  th a n  0 .8 5  m ), f e d  by sm a ll s lu g g is h  s tre a m s  and f lo o r e d  by 1 .0  m

o f  a lg a l  ooze w hich  h as  been  acc u m u la tin g  f o r  c i r c a  3000 y e a r s .  The

sed im en t i s  d e s c r ib e d  a s :

"an  e x tre m e ly  s o f t  f l u i d  a c c u m u la tio n  o f  m in u te  f e c a l  

p e l l e t s ,  p roduced  p re d o m in a n tly  by C hironom id l a r v a e .

The p e l l e t s  th e m se lv e s  c o n s i s t  a lm o st w ho lly  o f  b lu e -  

g re e n  a lg a e  and t h e i r  p a r t i a l l y  d ig e s te d  re m a in s " .

The b e n th ic  b lu e -g re e n s  (A phanothece sp p . a r e  seem in g ly  abundan t in  b o th  

la k e s )  overgrow  th e  sed im en t p a r t i c l e s ,  o r  f a e c a l  p e l l e t s ,  and c l in g  

to g e th e r  in  g e la t in o u s  m a sses . O nly th e  b lu e -g re e n  a lg a e ,  o r  t h e i r  

em pty c e l l s ,  a r e  p re s e rv e d  in  Mud L ake , B ra d le y  & B eard  s t a t e :

" V i r tu a l ly  a l l  t r a c e s  o f  th e  f i la m e n to u s  g re e n  a lg a e

a r e  d e s tro y e d  a t ,  o r  above, th e  raud-w ater i n t e r f a c e ,

d e s p i t e  th e  huge volum es p ro d u ced  d u r in g  t h e i r  

s e a s o n a l  b lo œ is " .

The dom inant g re e n  a lg a  in  Mud Lake i s  S p iro g y ra  t r i p l i c a t e  ( C o l l in s )  

T ra n se a u . In  th e  p a s t  few  y e a r s  heavy g ro w th  o f  S p iro g y ra  sp  h as  been 

n o te d  in  U pton B road ( P h i l l i p s  e t  a l . ,  in  p r e s s ) .

The s i m i l a r i t y  betw een U pton B road  and Mud Lake s u g g e s ts  t h a t  

th e  f a c t o r s  w hich  prom ote th e  p r e s e r v a t io n  o f  c e r t a i n  a lg a e  in  th e  

l a t t e r  may be o p e ra t in g  in  U pton . B ra d le y  & B eard  (1969) h y p o th e s is e  

t h a t  d e co m p o sitio n  i s  r e t a r d e d  by th e  i n h i b i t i o n  o f  b a c t e r i a l  a c t i v i t y .  

In c u b a t io n  o f  Mud Lake w a te r  o n ly  r e s u l t e d  i n  an e x tre m e ly  s m s ll number 

o f  b a c t e r i a l  c o lo n ie s  and a  medium p re p a re d  u s in g  f i l t e r e d  w a te r ,



100

i n h i b i t e d ,  o r r e s t r i c t e d ,  grow th o f b a c t e r i a  i s o la te d  from th e  sedim ent 

po re  w a te r .  The b a c t e r i a l  f l o r a  o f Upton Broad i s  unknown, excep t 

f o r  th e  abundance o f  A c h ro m a t iu m  th e  sed im e n t/w a te r  i n t e r f a c e .
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CHAPTER FIVE

SECIMENT CORES FROM ROSTHERNE MERE
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CHAPTER FIVE; SEDIMENT CORES FROM ROSTHERNE MERE

1 . INTRODUCTION

The a l g a l  rem a in s  c o n ta in e d  w ith in  th e  sed im en ts  o f  E lle sm e re  

Mere and U pton B road  s u g g e s t t h a t  lo w lan d  la k e s  o f f e r  a  g r e a t e r  p o t e n t i a l  

f o r  f in d in g  p re s e rv e d  a lg a e  th a n  th e  h ig h la n d  s i t e s .  However th e  

la c k  o f  p a s t  p h y to p la n k to n  d a t a  f o r  E lle sm e re  and Upton p re c lu d e d  any 

d is c u s s io n  on th e  v a l i d i t y  o f  th e  rem a in s  a s  in d i c a to r s  o f  p a s t  a l g a l  

a ssem b lag es .

R o s th e m e  M ere, C h e s h ire ,  h as  p ro b a b ly  one o f  th e  lo n g e s t  

p h y to p la n k to n  re c o rd s , e x c lu d in g  s i t e s  in  th e  E n g lis h  Lake D i s t r i c t ,  in  

t h i s  c o u n try .  The f i r s t  r e c o r d s  d a te  from  th e  b eg in n in g  o f  th e  c e n tu ry  

and s in c e  1962 th e  la k e  hsis been  m o n ito re d  more o r  l e s s  r e g u l a r l y .  In

a d d i t io n  to  a  know ledge o f  th e  a lg a e  th e r e  i s  a l s o  a  w e a lth  o f  in fo rm a ­

t i o n  r e l a t i n g  t o  th e  f l o r a ,  f a u n a  and c h e m is try  o f  th e  la k e  and i t s  

e n v i ro n s . C o l l e c t i v e ly  th e s e  p o t e n t i a l l y  p ro v id e  one o f  th e  p rim e

s i t e s  in  B r i t a i n  to  s tu d y  a l g a l  rem a in s  i n  r e c e n t  la k e  s e d im e n ts .

2 .  SITE DESCRIPTION

R o s th e m e  Mere ( n a t i o n a l  g r i d  r e f e r e n c e  SJ 745843) i s  s i t u a t e d  

in  a  lo w lan d  fa rm in g  a r e a  o f  C h e s h ire ,  t o  th e  so u th  o f  G re a te r  M a n c h e s te r .

The la k e  l i e s  i n  a  d e p re s s io n  fo rm ed  in  g l a c i a l  d r i f t  (b o u ld e r  

c la y  and san d ) w hich  o v e r l i e s  T r i a s s i c  m arl and s a l t  beds (H ain s  &

H o rto n , 1 9 6 9 ). The o r i g i n  o f  th e  baisin  i s  u n c e r ta in  and two e x p la n a t io n s  

have been s u g g e s te d . The m ere may have form ed a s  a  r e s u l t  o f  sub­

te r r a n e a n  s o lu t i o n  o f  u n d e r ly in g  s a l t  b ed s  o r  a l t e r n a t i v e l y  th e  b a s in
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may be a  k e t t l e  h o le ,  form ed by th e  m e ltin g  o f  a  s ta g n a n t  i c e  b lo c k  

entom bed in  th e  d r i f t .  U n fo r tu n a te ly  th e  la k e  n e i t h e r  c o in c id e s  w ith  

th e  wedge o f  s a l t  b e d s , n o r  do th e  d r i f t  d e p o s i t s  r e a c h  a  th ic k n e s s  

s u f f i c i e n t  t o  c o n ta in  th e  b a s in  ( P r i t c h a r d ,  1 9 6 1 ).

The b a s in  ( f i g u r e  5 .1 )  i s  g e n e r a l ly  s te e p  s lo p e d  e x c e p t f o r  th e  

s o u th - e a s t  c o rn e r  w here th e r e  a r e  e x te n s iv e  s h a l lo w s .  I t  i s  th e  

d e e p e s t ,  and one o f  th e  l a r g e s t ,  o f  th e  m eres g roup  w ith  an a r e a  o f  

0 .4  65 km^ and maximum d e p th  o f  30 m (mean d e p th  1 5 m ) .  In  common w ith  

th e  m a jo r i ty  o f  th e  m eres p h r e a t i c  d ra in a g e  i s  p resum ab ly  an im p o rta n t 

com ponent in  th e  t o t a l  in p u t .  The m ain s u r f a c e  in f lo w  i s  R o s th e rn e
P 2

Brook w hich  d r a in s  c i r c a  8 km o f  th e  9 km ca tch m e n t and p ro v id e s  

80-90% o f  th e  t o t a l  volum e o f  s u r f a c e  in f lo w  (R o g e rs , 1 9 7 5 ). The 

brook  p a s s e s  th ro u g h  a  s m a l l ,  h ig h ly  r i c h  l a k e .  Mere Mere b e fo re  re a c h in g  

R o s th e rn e . The o u tf lo w , B lack b u rn s  B rook, j o i n s  th e  R iv e r  B irk in  

ab o u t 0 .5  km from  th e  la k e  and su b se q u e n tly  f lo w s  in t o  th e  R iv e r  B o ll in  

and th e  M an ch es te r S h ip  C a n a l. The g r a d ie n t  o f  B la ck b u rn s  Brook i s  

v e ry  g ra d u a l  and c if te r  heavy r a i n f a l l  th e  w a te r  b ack s  up and o c c a s io n a l ly  

th e  f lo w  i s  r e v e r s e d  back in t o  th e  m ere ( P r i t c h a r d ,  1 9 6 1 ). The 

r e t e n t i o n  tim e  o f  th e  m ere i s  o f  th e  o rd e r  o f  two y e a r s  (H a r r is o n  &

R o g ers , 1 9 7 8 ).

The io n i c  c o m p o s itio n  o f  R o s th e m e  Mere h a s  been a n a ly se d  by 

T a t t e r s a l l  & Coward (1 9 1 4 ) , Gorham (1957) and Grimshaw & Hudson (1 9 7 0 ).

The w a te r s  a r e  r i c h  in  n i t r o g e n  and , in  p a r t i c u l a r ,  p h o sp h o ru s . The 

maximum c o n c e n t r a t io n s  o f  b o th  n u t r i e n t s  have in c r e a s e d  d u r in g  th e  p a s t  

tw en ty  y e a r s  (R ey n o ld s , 1 9 7 8 ). Grimshaw & Hudson (1970) d is c o u n te d  

g ro u n d w ate r as a  l i k e l y  so u rc e  o f  th e s e  e le m e n ts  and c o n s id e re d  

a g r i c u l t u r a l  and u rb a n  r u n o f f  to  be  more s i g n i f i c a n t .  However th e  

p o p u la t io n  o f  th e  ca tch m en t i s  sm a ll and R eynolds (1975) s u g g e s te d  

t h a t  th e  g ro u n d w a te r  in p u t s  o ^ C r o s e  Mere w ere r e l a t i v e l y  r i c h  in



f i g u r e  5.1
104

P  JL 
C O 

O 
D k_

CL

CD

CM

CD

• ««

o
o
CO

«• %% •• • • 
• •

"O
« ê

S0§•
/ /

CD

cr

LU
q :
lU

z

LU
Zcr
LU 
X

i n

ocr



105

n u t r i e n t s .  A n o th e r p o s s ib le  c o n t r ib u t in g  so u rc e  o f  n u t r i e n t  in p u t  i s  

th e  en ric h m e n t by b i r d  f a e c e s  in  th e  w in te r  m onths (B r in k h u rs t  & W alsh, 

1 9 6 7 ). A l a r g e  g u l l  r o o s t ,  t y p i c a l l y  num bering up to  22 000 (H a rr is o n  

& R o g ers , 1 9 7 8 ), i s  p r e s e n t  on th e  m ere from  Septem ber to  M arch.

L e e n tv a a r  (1 958 , 1967) te rm ed  th e  en rich m en t o f  w a te r  b o d ie s  by b i r d  

d ro p p in g s , "g u an o tro p h y * .

In  1961 th e  m ere , and th e  su rro u n d in g  la n d  was d e c la r e d  a  N a tio n a l  

N a tu re  R e s e rv e . I t  i s  managed p r im a r i ly  as  an in la n d  r e fu g e  f o r  

w ild fo w l•

3 . THE SEDIMENTS

a .  I n t r o d u c t io n

The se d im e n ts  o f  R o s th e m e  Mere w ere d e s c r ib e d  by T a t t e r s a l l  & 

Coward (1914) ais a  " f i n e  oozy , b la c k  mud". T h is  i s  g e n e r a l ly  t r u e  

e x c e p t f o r  th e  n o r th e r n  en d , w here th e  d e p o s i t s  a r e  p e a ty ,  and around  

th e  l i t t o r a l  a r e a s  w hich may be san d y .

I n te n s iv e  o rg a n ic  geochem ical a n a ly s i s  heis been  c a r r i e d  o u t on 

th e  bo ttom  d e p o s i t s  o f  R o s th e rn e  Mere ( c . f .  Thompson & E g l in to n ,  1 9 7 8 ). 

D is c u s s io n  o f  th e  r e s u l t s  i s  beyond th e  scope  o f  t h i s  s tu d y  b u t th e  

o rg a n ic  c o m p o s itio n  o f  th e  sed im en ts  i s  i n d i c a t i v e  o f  h ig h  p r o d u c t iv i t y  

and h ig h  a u to c h th o n o u s  in p u t .

A norm al d iv e r s e  b e n th ic  fa u n a  was found  by B r in k h u rs t  & W alsh 

(1967) a t  d e p th s  l e s s  th a n  25 m. In  th e  d e e p e s t a r e a  o f  th e  m ere 

th e r e  was a  " l i f e l e s s *  zone in  w hich th e r e  was a  co m p le te  ab sen ce  o f  

b e n th ic  o rg a n ism s . T h is  c o n d i t io n  was a t t r i b u t e d  t o  th e  a n o x ia  o f  

th e  s u r f a c e  se d im e n ts  th ro u g h o u t th e  y e a r .  They s u g g e s te d  t h a t  th e  

d e -o x y g e n a tio n  wais c a u se d  by l a r g e  q u a n t i t i e s  o f  b i r d  d ro p p in g s .
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b . Deep w a te r  c o re s

Sedim ent c o re s  w ere c o l l e c t e d  from  an a r e a  su rro u n d in g  th e  

perm anent buoy in  c i r c a  30 m o f  w a te r .  T h ree  c o re s  (d e n o te d  A*, B* and 

C*) w ere exam ined f o r  a l g a l  re m a in s  o f  w hich  tw o, A* and B*, w ere C s-137 

d a te d  and o n e . A*, Pb-210 d a te d .  D iatom s w ere enum era ted  in  c o re  A* 

and d ry  w e ig h t ,  c a rb o n  and n i t r o g e n  w ere d e te rm in e d  f o r  c o re  C*. C ore 

A* was ta k e n  in  March 1977 and B* and C* in  A ugust 1977.

The c o l l e c t i o n  o f  c o re s  w ith  an u n d is tu rb e d  i n t e r f a c e  was 

d i f f i c u l t  owing t o  th e  l a r g e  am ount o f  g a s  c o n ta in e d  w ith in  th e  sed im en t 

colum n. The g a s ,  w hich  sm e lle d  s t r o n g ly  o f  s u lp h id e ,  o f te n  d e s tro y e d  

th e  i n t e r f a c e  b e fo re  th e  c o r e r  re a c h e d  th e  s u r f a c e .  The r e l e a s e  o f  

th e  h y d r o s ta t i c  p r e s s u r e  (2 a tm o sp h e re s )  and th e  r i s e  in  te m p e ra tu re  

fo rc e d  th e  g a s e s  to  expand , c o a l e s c e  and th e n  b u b b le  up th ro u g h  th e  

tu b e .  An a t te m p t to  a llo w  th e  g a s  to  expand l a t e r a l l y ,  v i a  a  s e r i e s  

o f  sm a ll h o le s  d r i l l e d  i n t o  th e  s id e  o f  th e  c o r in g  tu b e ,  was u n s u c c e s s f u l .  

C ore A* was c o l l e c t e d  w ith o u t any d i s r u p t io n  o f  th e  i n t e r f a c e  b u t th e  

r e s u l t s  ( s e e  below ) from  o th e r  c o re s  a r e  s im i l a r  and i t  a p p e a rs  t h a t  

th e  g a s  moves aro u n d  th e  sed im en t m a tr ix  and does n o t  d i s tu r b  th e  f i n e  

s t r a t i g r a p h y .

C o res  frcmi th e  deep  w a te r  s i t e  had  a  d i s t i n c t i v e ,  b r ig h t  g re e n , 

upper 2 -3  cm c o lo u re d  by b lu e -g r e e n  a l g a l  c o lo n ie s ,  p re d o m in a te ly  

M ic r o c y s t i s . The re m a in d e r o f  th e  sed im en t was a  b la c k ,  re d u c e d , 

ooze w hich  wsis s t r e a k e d  by d a rk  g re y  bands a t  c i r c a  20 cm and 35 cm 

w h i ls t  below  70 cm th e  c o re s  w ere v e ry  d a rk  g re y  and m ore c la y e y .

The se d im e n ts  o f  R o s th e m e  Mere had  a  h ig h  w a te r  c o n te n t  th ro u g h o u t 

t te  u p p er 30 cm ( f i g u r e  5 . 2 ) .  A s y r in g e  c o u ld  b e  u se d  to  subsam ple  

t h i s  ooze w h ile  i n  c o re s  from  th e  Lake D i s t r i c t  th e  sed im en t below  5 cm 

was t y p i c a l l y  to o  ccmipact t o  b e  h a n d le d  i n  t h i s  way. As an ap p ro x im a te  

com parison , th e  w a te r  c o n te n t  o f  B le lham  Teun d ro p s  from  abou t 93% to
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88% in  th e  f i r s t  5 cm (P en n in g to n  e t  a l . .  1976) w hich com pares w ith  

96.8% to  94.4% f o r  R o s th e m e .

The c a rb o n  c o n te n t  ( f i g u r e  5 .2 )  showed t h a t  th e  se d im e n ts  a r e

r i c h  in  o rg a n ic  m a t t e r .  The mean v a lu es»  s in c e  1963, f o r  th e

p ro d u c t iv e  l a k e s  o f  E s th w a ite  and B lelham  a r e  12.7% and 16.4% re s p e c ­

t i v e l y  (P e n n in g to n , 1978) w hich a r e  com parab le  w ith  15.7% f o r  R o s th e rn e . 

The o l i g o t r o p h ic  V a s tw a te r  h as  a  ca rb o n  c o n te n t  o f  c i r c a  8.9% .

The n i t r o g e n  c o n c e n tr a t io n  ( f i g u r e  5 .2 )  o f  R o s th e rn e  M ere, s in c e  

1963, i s  1.2% , com parab le  w ith  E sthw ad te  (0.9% ) and B lelham  (1.7% ) and 

g r e a t e r  th a n  V aistw ater (0 .6% ) (P e n n in g to n , 1 9 7 8 ).

Gorham e t  a l . (1974) found  t h a t  th e  C:N r a t i o  d i f f e r e d  l i t t l e  

betw een p ro d u c t iv e  and u n p ro d u c tiv e  la k e s  in  th e  Lake D i s t r i c t ,  and 

a v e ra g ed  1 2 . The mean C:N r a t i o  f o r  R o s th e m e  (5 -1 0  cm to  be com parab le  

w ith  th e  d a t a  o f  Gorham e t  a l . )  was 1 1 .7 6 .

S ed im ent a n a ly s i s  o f  th e  topm ost 10 cm o f  a  R o s th e m e  c o re  by

Mr. I. Cham bers ( p e r s o n a l  com m unication) gave mean f i g u r e s  f o r  th e  

d i f f e r e n t  s i z e  f r a c t i o n s  o f  sand  (>  64 /m ) 5% d ry  w e ig h t , s i l t  ( > 2  ;i ,

< 64 p )  50% and c l a y  ( < 2  )i) 45%. The c la y  m in e r a ls ,  by X -ray  

d i f f r a c t i o n ,  w ere i l l i t e  and p ro b a b ly  c h l o r i t e ,  b o th  o f  w h ich  a r e  a l s o  

ccmonon in  th e  Cum brian la k e  s e d im e n ts . Q u a rtz  was th e  dcm iinant 

m in e ra l ,  a lo n g  w ith  c a l c i t e ,  gypsum and f e ld s p a r .

X -ra d io g ra p h y  o f  a  deep w a te r  c o re  r e v e a le d  a  s e r i e s  o f  d i s t i n c t  

b la c k  bands th ro u g h o u t th e  le n g th  o f  th e  column ( P la t e  I I I ) .  The 

bands a r e  i r r e g u l a r  and w ere n o t  v i s i b l e  on th e  f r e s h  sed im en t e x c e p t 

in  th e  u p p e r 2 cm. The l a y e r s  a r e  assum ed to  be o f  c a l c i t e ,  w hich 

due to  th e  X -ra y  a b s o rp t io n  c h a r a c t e r i s t i c s  o f  c a l c i t e  ap p e a r  b la c k  on 

th e  p l a t e .  W hite " a s h - l ik e "  l a y e r s  w ere fo u n d  in  th e  sed im en t t r a p s  

in  Septem ber 1977 ( s e e  C h a p te r  7 ) w hich on in s p e c t io n  w ere g r a n u le s  o f  

ca lc iu m  c a r b o n a te .  The c o re  t h a t  was X -ray ed  had two s im i l a r  bands
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PLATE I I I

X -ray  p l a t e  o f  a  c o re  from  R o s th e rn e  M ere, C h e sh ire





Ill

in  th e  u p p e r s e c t io n  o f  th e  c o r e .  U n fo r tu n a te ly  d u rin g  t r a n s i t  th e  

to p  5 cm l i f t e d  from  th e  body o f  th e  c o re  and th e  l a y e r s  app ea r d i s t o r t e d .  

The g re y  d i f f u s e  a r e a  a t  9-13 cm i s  w a te r  w hich i n f i l l e d  when th e  to p  

o f  th e  c o r e  b ro k e  away and th e  w h ite  areeis i n s id e  th e  c o re  tu b e  a r e  gas  

b u b b le s .

c .  S h a llo w  w a te r  c o re s

S ed im en t c o re s  w ere ta k e n  in  th e  s h a llo w e r  a re a s  o f  R o s th e m e  

Mere t o  a s s e s s  th e  e f f e c t s  o f  b e n th ic  o rg an ism s and oxygen in  th e  

se d im e n ts  on th e  a lg a l  p r e s e r v a t io n  and s t r a t i g r a p h y .

Two c o r e s  w ere ta k e n , c o re  Y* in  Ju n e  1978 and c o re  Z* in  

Sep tem ber 1978 from  s i t e s  in  ab o u t 8 m o f  w a te r  ( f i g u r e  5 . 1 ) .  The 

s t e e p l y  s lo p in g  w es t s i d e ,  th e  p e a t  in  th e  n o r th  end and th e  sandy

d e p o s i t s  t o  th e  s o u th  w ere a v o id e d .

The c o r e s  b o re  l i t t l e  v i s u a l  s i m i l a r i t y  to  th o s e  from  th e  deep 

w a te r  s i t e .  The to p  2 -4  cm wsis l i g h t  brow n, 4 -2 0  cm b la c k  and th e  

re m a in d e r d a rk  brow n. The m ass o f  C yanophyceae c o lo n ie s  w hich w ere 

a  f e a t u r e  o f  th e  deep w a te r  c o r e s  w ere n o t  v i s i b l e  in  th o s e  from  th e  

s h a llo w e r  a re a is . The sed im en t colum n c o n ta in e d  l i t t l e  g a s  and wets

more com pact and sandy  in  t e x t u r e .

4 .  RADIONUCLIDE DATING

C aesium -137

S im i la r  r e s u l t s  w ere o b ta in e d  from  th e  C s-137 d a t in g  o f  c o re s  A* 

and B* ( f i g u r e  5 . 3 ) .  The maximum c o n c e n t r a t io n  in  b o th  c o re s  wets 

c o n ta in e d  w i th in  th e  16-17 cm s e c t i o n ,  and t h i s  i s  ta k e n  to  r e p r e s e n t
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th e  1963 f a l l o u t  p eak . Thus th e  mean an n u a l r a t e  o f  sed im en t acc u m u la tio n  

from  1963 to  1977 i s  ab o u t 1 .2 2  cm y r " ^ .

C s-137 d a t in g  o f  an e a r l i e r  c o re  (G a s k e ll  & E g l in to n ,  1976) 

gave an e s t im a te  o f  th e  an n u a l d e p o s i t io n  r a t e  o f  4 -5  mm yr~^ ( > 50% 

lo v e r  th a n  th e  r a t e  p r e s e n te d  h e r e ) .  T h is  a p p a re n t anomaly may be due 

to  a r e a l  v a r i a t i o n  in  C s-137 c o n c e n t r a t io n s  ( c f  P enn in g to n  e t  a l . ,  1973) 

o r  to  th e  f a c t  t h a t  G a s k e ll  & E g l in to n  u se d  a  g r a v i ty  c o re r  w hich  may 

have been  u n s u i t a b le  c o n s id e r in g  th e  h ig h ly  f lo c c u la n t  s u r f a c e  se d im e n ts .

The p r o f i l e  from  c o re  A* i s  n o t  sm ooth and a lth o u g h  t h i s  may 

i n d i c a t e  some d is tu r b a n c e  o f  th e  c o re  no s u p p o r tin g  e v id en ce  was found  

in  th e  a l g a l  s t r a t i g r a p h y .  The c la y  m in e ra ls  o f  R o s th e m e  a r e  i l l i t e  

and c h l o r i t e  and Tam ura (1964) s t a t e s  t h a t  C s-137 i s  v e ry  s t r o n g ly  

r e t a in e d  on th e s e  (and  l e s s  so  on k a o l i n i t e  and m o n tm o r i l lo n i te ) .  I f  

a  s e c t io n  c o n ta in e d  p re d o m in a n tly  o rg a n ic  and sand  p a r t i c l e s  i t  i s  

p o s s ib le  t h a t  C s-137 w ould n o t  b e  r e t a i n e d  due to  a  la c k  o f  s u i t a b l e  

a d s o rb t io n  s i t e s  and h ence  be C s -p o o r . Sm all peaks in  a  p r o f i l e  may 

r e p r e s e n t  inw ash  e v e n ts  o f  f i n e  p a r t i c l e s  from  th e  ca tch m e n t. However 

th e  m ajo r peak  in  c o re  A* i s  d i s t i n c t  and w e ll c o r r e l a t e d  w ith  c o re  B*.

The se c o n d a ry  peak  on c o re  B* a t  22 -23  cm may c o rre sp o n d  to  1959 

(R .S . Cam bray, p e rs o n a l  co m m u n ica tio n ). U n fo r tu n a te ly  a n a ly s i s  o f  

c o re  A* d id  n o t  c o n t in u e  to  t h i s  d e p th .

b .  L ead-210

' Pb-210 d a t in g  was c a r r i e d  o u t u s in g  m a te r ia l  from  c o re  A*.

The u n su p p o r te d  f r a c t i o n  ( f i g u r e  5 .4 )  in c r e a s e s  to w ard s  th e  s u r f a c e ,  

u n t i l  20 cm when th e r e  i s  a  m arked in v e r s io n .  A nom alously low P b-210 

c o n c e n t r a t io n s  in  s u r f a c e  se d im e n ts  a r e  n o t  uncommon b u t th e  i n f l e c t i o n  

in  th e  R o s th e rn e  c o re  i s  f a r  lo w er th a n  fo u n d  i n  o th e r  s i t e s .  R o id e ,
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B ru lan d  & G o ldberg  (1973) d is c u s s e d  th e  p o s s i b i l i t y  o f  d i f f u s io n  in  

th e  s u r f a c e  l a y e r s  to  acc o u n t f o r  th e  d e p re s se d  to p  p o in t .  T h is  id e a  

was d is c o u n te d  by K rish n asv an y  e t  a l . (1973) who a t t r i b u t e d  lo w er 

c o n c e n tr a t io n s  to  an  in c r e a s e  in  th e  r a t e  o f  s e d im e n ta t io n .  M ix ing , 

e i t h e r  p h y s ic a l  o r  b i o l o g i c a l ,  was p o s tu la te d  by E d g ing ton  & R obbins 

(1974) and S chubel & H u rschberg  (1977) to  be r e s p o n s ib le .  B io lo g ic a l  

m ix ing  i s  u n l i k e ly  in  R o s th e rn e  Mere due to  th e  l a c k  o f  b e n th o s  in  th e  

d e e p e r  a r e a s  (B r in k h u r s t  & W alsh , 1 9 6 7 ).

U n t i l  r e c e n t ly  Pb-210 d a t in g  assumed t h a t  th e r e  vais a  c o n s ta n t  

i n i t i a l  c o n c e n t r a t io n  ( c . i . c . )  o f  u n su p p o rte d  Pb-210 p e r  u n i t  d ry  

w e ig h t in  th e  sed im en t a t  eac h  d e p th  (P en n in g to n  e t  a l . ,  1976; R obbins 

& E d g in g to n , 1 9 7 5 ). T h is  assum es t h a t  th e r e  i s  an e x c e ss  o f  l e a d  

a v a i l a b l e  in  th e  w a te r  and th e  u p ta k e  o f  th e  le a d  w i l l  be  c o n s ta n t  p e r  

u n i t  w e ig h t o f  s e d im e n t. T h e re fo re  to  c a l c u l a t e  th e  age o f  a  s e c t io n  

by i t s  u n s u p p o r te d  Pb-210 c o n te n t  th e  c o n c e n tr a t io n  m ust d e c l in e  

l i n e a r l y  w ith  d e p th .  As th e  r e s u l t s  from  R o s th e m e  Mere do n o t  

c o rre sp o n d  w ith  t h i s  demand th e  c o n c e n tr a t io n s  above 20 cm c o u ld  n o t  

be u sed  s in c e  th e y  gave " n e g a tiv e "  d a t e s .  O ld f ie ld ,  A ppleby & B a t te rb e e  

(1978) p ro p o sed  a  d i f f e r e n t  m ethod o f  c a l c u l a t i n g  th e  age o f  a  s e c t io n  

by P b-210 . They h y p o th e s is e d  t h a t  th e r e  i s  a  l i m i t e d  amount o f  Pb-210 

in  th e  w a te r ,  and hence  an in c r e a s e  in  th e  sed im en t acc u m u la tio n  r a t e  

w ould r e s u l t  in  a  " d i lu t io n *  o f  th e  le a d  p e r  u n i t  d ry  w e ig h t o f  se d im e n t. 

T h is  m ethod, " c o n s ta n t  r a t e  o f  su p p ly "  ( c . r . s . ) ,  a llo w s  c a l c u l a t i o n  o f  

age th ro u g h o u t th e  p r o f i l e s  i r r e s p e c t i v e  o f  th e  r a t e  o f  sed im en t 

a c c u m u la tio n . A ppleby & O ld f ie ld  (1978) g iv e  a  f u l l  e x p o s i t io n  o f  

th e  c . r . s .  m ethod and u s e  i t  to  p ro v id e  a  means o f  d a t in g  v a r i a t i o n s  in  

a cc u m u la tio n  r a t e  r e s u l t i n g  from  human a c t i v i t y  in  th e  d ra in a g e  b e isin .

The c a l c u l a t i o n  o f  Pb-210 by th e  c . r . s .  m ethod r e s u l t s  in  a  

d a t in g  scheme f o r  th e  to p  50 cm o f  th e  c o re  ( f i g u r e  5 .5 ) .  The c . i . c .



116
f i g u r e  5 . 5

0
AGE -  before present (years) 

20 40 60 80  100

1 0 -

4L Cs-137, 1963 

® Pb-210, C.I.C  dates

25 -

30 -

C.r.s. dates

^ 4 0  -
CL

4 5 -

50

ROSTHERNE MERE lead-210



117

d a te s  (2 0 -5 0  cm) and C s-137 a r e  in  good agreem ent w ith  th e  c . r . s .  

d a t e s .  The p r o f i l e  i n d i c a t e s  a  f a i r l y  un ifo rm  r a t e  o f  sed im en t 

a c c ru a l  o f  5 mm y r   ̂ w ith  an a c c e le r a t io n  d u rin g  th e  peist 25 y e a r s .

5 . PHYTOPLANTTON

The p h y to p la n k to n  o f  R o s th e m e  Mere i s  c h a r a c t e r i s t i c  o f  many 

warm, e u t ro p h ic  c a lc a r e o u s  l a k e s .  When com pared t o  th e  r i c h e r  la k e s  

o f  C um bria th e  m ere c o n ta in s  few er s p e c ie s ,  a lth o u g h  th e y  a r e  f a r  more 

ab u n d a n t. The c o m p o s itio n  o f  th e  p h y to p la n k to n  i s  c h a r a c te r i s e d  by a 

p redom inance o f  d ia to m s , d i n o f l a g e l l a t e s  and b lu e -g re e n s .  In  common 

w ith  o th e r  m eres th e  la k e  i s  s u b je c t  t o  s u r f a c e  bloom s d u r in g  s t i l l  

summer w e a th e r .  T h is  i s  n o t  a  r e c e n t  phenomenon a s  th e  " b re a k in g  o f  

th e  m eres"  i s  p a r t  o f  l o c a l  f o l k l o r e  ( c f .  R eynolds & S in k e r ,  1 9 7 6 ).

U n lik e  m ost S h ro p s h ire -C h e s h ire  m eres, b u t v e ry  s im i la r  to  E lle sm e re  

Mere, th e  p h y to p la n k to n  f o r  th e  f i r s t  th r e e  m onths i s  v e ry  s p a r s e  

( c f .  R ey n o ld s , 1 9 7 9 a ) .

P h y to p la n k to n  r e c o rd s  f o r  R o s th e m e  Mere d a te  from  n e t  c o l l e c t i o n s  

made i n  1912 ( P e a r s a l l ,  1 9 2 3 ), w ith  f u r t h e r  d e s c r ip t io n s  by G r i f f i t h s  

( 1925) and L in d  (1 9 4 4 ) . S in c e  1962 th e r e  h as  been f r e q u e n t  sam p lin g  

( c f .  B e lc h e r  & S to re y ,  1968; R ey n o ld s, 1978) u s in g  a  p l a s t i c  h o se p ip e  

(Lund & T a i l i n g ,  1 9 5 7 ).

P e a r s a l l  (1923) fo u n d  th e  dom inant s p e c ie s  t o  be  Aphanizomenon 

f lo s - a q u a e  and t o  a  l e s s e r  e x te n t  C era tiu m  h i r u n d i n e l l a . The common 

d ia to m s w ere  F r a g i l a r i a  c r o to n e n s i s , A s t e r io n e l l a  g r a c i l l i m a  (H an tz sch ) 

H eiberg  ( g e n e r a l ly  ta k e n  to  be  synonomous w ith  A s t e r io n e l l a  fo rm o sa ) ,  

C p sc in o d isc u s  l a c u s t r i s  Grunov ( p o s s ib ly  co n fu sed  w ith  S te p h a n o d isc u s  

a s t r a e a  (E h ren b u rg ) Grunow. c f .  B a t te r b e e ,  1976) and F r a g i l a r i a  c a p u c in a
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D e sm a z ie re s . G r i f f i t h s  (1925) d e s c r ib e d  a  s in g le  sam ple ta k en  in

A ugust 1922 w hich was dom inated  by F r a g i l a r i a  c r o to n e n s i s . G om phosphaeria

n a e g e l ia n a  (U nger) Lemmerman and C lo s te r iu m  a c i c u la r e  v a r .  subpronum

V. attid G .S . V e s t .  A lso  p r e s e n t  w ere s p e c ie s  o f  S ta u r  gist rum and

C era tiu m  h i r u n d i n e l l a  b u t in  common w ith  th e  e a r l i e r  c o l l e c t io n s  v e ry

few  c o lo n ie s  o f  M ic ro c y s tis  w ere o b se rv e d .

The 1941-1943 sam ples (L in d , 1944) d i f f e r e d  from  th o s e  o f  P e a r s a l l

( 1925 ) in  t h a t  C oelo sphaerium  k u tz in g ian u m  N a g e li r e p la c e d  Aphanizomenon

a s  th e  dom inant b lu e -g re e n ,  F r a g i l a r i a  c r o to n e n s i s  was in c o n sp ic u o u s  and

S t  eph an o d i s c u s  g is tra e a  vas l e s s  common. However th e  l a t e  summer

dom inance wgis s im i la r  and L in d  s t a t e s :  "R o s th e m e  was rem ark ab le  f o r

th e  abundance o f  C era tiu m  h i r u n d i n e l l a " .

M rs. J .  D av id  (1964) exam ined n e t  c o l l e c t i f s  from  1962 and 1963.

The s p r in g  diatcm is w ere c h i e f l y  composed o f  A s t e r io n e l l a  fo rm o sa ,

F r a g i l a r i a  c r o to n e n s i s  and F r a g i l a r i a  c a p u c in a . A s t e r io n e l la  was
s p e c i e s

abundan t in  1963 and th e  two F r a g i l a r i a ^ in  1962. The Ju n e  maxima 

w ere o f  A phani zcxnenon f l  o s -a q u a e  p lu s  Coelosphaerium  ku tz ing ianum  in  1962 

and o f  A nabaena f lo s - a q u a e  in  1963 . The autumn o f  b o th  y e a r s  wgis 

dom inated  by bloom s o f  M ic ro c y s t is  a e ru g in o s a  b u t  i n  1963 t h i s  was 

p re c e d e d  by a  l a r g e  p o p u la t io n  o f  C era tiu m  h i r u n d i n e l l a .

The summer and autumn sam ples f o r  1964, 1965 and 1966 w ere domi­

n a te d  by s u r f a c e  bloom s o f  M ic ro c y s t i s  a e ru g in o sa  (B e lc h e r  & S to re y , 1 9 6 8 ). 

T hese w ere p re c e d e d  by l a r g e  p o p u la t io n s  o f  Anabaena f lo s - a q u a e  o r  

Aphanizomenon f lo s - a q u a e . The dom inant d ia to m s w ere A s t e r io n e l l a

fo rm o sa  ( e s p e c i a l l y  in  1965) and S te p h a n o d isc u s  h a n tz s c h i i  w ith  o th e r  

f r e q u e n t  ta x a  b e in g  M e lo s ira  g r a n u la te , F r a g i l a r i a  c a p u c in a  and 

F r a g i l a r i a  c r o to n e n s i s .
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R eynolds (1978) d e s c r ib e d  th e  p h y to p lan k to n  betw een 1967 and 

1977 and fo u n d  f o u r  o u t o f  th e  e ig h t  summers s tu d ie d  w ere dom inated  by 

M ic ro c y s tis  a e ru g in o s a . In  two o f  th e  rem a in in g  y e a r s  (1971 and 1975) 

C era tiu m  h i r u n d i n e l l a  dom inated  w h ile  in  1967 b o th  C era tiu m  and 

M ic ro c y s tis  w ere  ab undan t and in  1968 n e i t h e r  th r iv e d  and th e  summer 

p h y to p la n k to n  was d om inated  by M e lo s ira  g r a n u la te . A s t e r io n e l l a  fo rm osa  

and A nabaena sp p . Y e a r ly  v a r i a t i o n s  a r e  seem ing ly  commonplace in  th e  

p h y to p la n k to n  w ith  o c c a s io n a l  maxima o f  th e  d ia tom s C y c l o te l l a  

p s e u d o s te l l ig e r a  (a b u n d a n t in  1 9 7 1 ), M e lo s ira  g r a n u la te  (1968) and 

S te p h a n o d isc u s  a s t r a e a  ( lS 7 3 ) .  T hese e v e n ts ,  to g e th e r  w ith  th e  

C e ra t iu m -M ic ro c y s tis  f l u c t u a t i o n s ,  may p ro v id e  many p o te n t i a l  s t r a t i ­

g ra p h ie  l a y e r s  in  th e  sed im en t colum n.

A s y n th e s i s  o f  th e  p h y to p la n k to n  d a t a  o f  R o s th e m e  Mere i s  

p re s e n te d  in  t a b l e  5 a . A d d it io n a l  o r  more d e t a i l e d  r e c o rd s  a r e  frc»n 

th e  u n p u b lish e d  d a t a  o f  Mrs J .E .  D avid  and C .S . R eynolds and re p ro d u c e d  

w ith  t h e i r  k in d  p e rm is s io n .  I t  m ust be n o te d  t h a t  th e  aissessm ent o f  

biom ass weis p u re ly  s u b je c t iv e  and each  a lg a  was c o n s id e re d  in  i s o l a t i o n  

w henever p o s s i b l e .

6 .  ALGAL REMAINS

a .  Deep w ater, c o r e s

The m a te r i a l  from  e a c h  o f  th e  deep  w a te r  c o re s  c o n ta in s  a  w e a lth  

o f  n o n - s i l i c e o u s  a l g a l  r e m a in s .  The r e l i c  sissem blages re sem b led  

th o s e  from  th e  E lle sm e re  Mere sed im en ts  b u t th e  rem a in s  w ere more 

num erous and w e ll  s t r a t i f i e d  in  th e  sed im en t colum n. Most commonly 

re c o rd e d  w ere re m a in s  o f  C e ra tiu m , M ic r o c y s t i s , S ta u ra s t ru m , A nabaena, 

P e d ia s tru m  and A phanizom enon, w h ile  in d iv id u a l s  o f  C o e la s tru m  and
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T a b le  5a C o l le c te d  P h y to p la n k to n  D ata  1912-1977

Y ear 19 % 22 % 62 63 64 è5 66 67 68 71 72 73 74 75 77

C era tiu m A C A P A C C p C p A C P P A P
M ic ro c y s tis P P P A A A A A C p P A A A P A

A nabaena P P P A C C C C A C P A c

Aphanizomenon A P A P C C C A A C A

O s c i l l a t o r i a P P P P P P P
C oelosphaerium P A C A P P P P
S ta u ra s tru m C C P c c c P P P P P P

M e lo s ira
g r a n u la ta

P c c c P A C C P P

A s t e r io n e l l a
form osa

C P A C A c A c C C c A C P

C y c lo te l la
p s e u d o s te l l ig e r a

P p P p P P c P P P

F r a g i l a r i a
c ro to n e n s is

c A P A C c c c P P p C P P

F r a g i l a r i a
c a p u c in a

c P A C c c c c P p P P P

S tep h a n o d iscu s
a s t r a e a

c P P p p p c P p C A P

S te p h a n o d isc u s  " A c c c p P c P P P
h a n tz s c h i i

A -  abundan t 

C -  common 

p -  p r e s e n t  

b la n k s  -  n o t  re c o rd e d
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Scenedesm us w ere o c c a s io n a l ly  o b se rv e d . As w ith  th e  rem a in s  in  

E lle sm e re  Mere th e  g e n e ra  fo u n d  in  R o s th e rn e  Mere show many s i m i l a r i t i e s  

to  th o s e  re c o rd e d  by K orde ( i9 6 0 ,  1966) in  th e  s a p ro p e l d e p o s i t s  o f  th e  

U .S .S .R .

The c y s t s  o f  C e ra tiu m  h i r u n d i n e l l a  w ere d ev o id  o f  c o n te n ts  

e x c e p t f o r  an o range-b row n  i n t r a c e l l u l a r  r e s id u e .  P la t e  IV shows 

exam ples o f  su ch  c y s t s ,  s t i l l  r e c o g n is a b le  by th e  d i s t i n c t i v e  h o rn s .  

D uring  th e  c o u rs e  o f  th e  s tu d y  o n ly  two c e l l s  o f  C era tiu m  w ere o b se rv ed  

to  have been  p re s e rv e d  in  th e  muds ( P la t e  V n o . 6 ) .  The M ic ro c y s tis  

c o lo n ie s  in  th e  s u r f a c e  l a y e r s  (0 -2  cm) o f te n  ap p ea red  to  be  h e a l th y  

( P la t e  VI n o . 1 ) .  T hese  t i g h t ,  d a rk  c o lo n ie s  gave th e  to p  o f  th e  

c o re s  th e  c h a r a c t e r i s t i c  g re e n  s p o t te d  a p p e a ra n c e . A t d e p th  th e  

c o lo n ie s  became p r o g r e s s iv e ly  p a l e r  and th e  c e l l s  more d i f f u s e  ( P la t e  

VI n o . 2 ) .  M ethy lene b lu e ,  o r  n e g a t iv e  s t a i n ,  was u sed  to  i d e n t i f y  

th e s e  c o lo n ie s  ( P l a t e  VI n o . 3 ) .

Rem ains o f  th e  f i la m e n to u s  b lu e -g re e n s ,  A nabaena and Aphanizomenon

w ere r e s t r i c t e d  t o  th e  a k in e te s  ( P l a t e  V n o s . 3 and 4 ) .  Those o f
\

A nabaena w ere o f te n  fo u n d  i n  clum ps o f  up to  50-70 a k in e te s  in  one 

a g g re g a te .  S in g le  a k in e te s  o f  A nabaena w ere o f te n  d i f f i c u l t  to  

d i f f e r e n t i a t e  from  th o s e  o f  A phanizom enon. The a k in e te s  o f te n  c o n ta in e d  

i n t r a c e l l u l a r  c o n te n t s ,  a l th o u g h  n o t  enum era ted  s e p a r a t e ly ,  and t h e i r  

v i a b i l i t y  was t e s t e d  ( s e e  C h a p te r  6 ) .  C o lo n ie s  o f  Pedieistrum  w ere 

common and c o u n te d  in  c o re s  B* and C* a lo n g  w ith  sm a ll num bers o f  

C o e la s tru m . C e l l s  o f  S tau re is tru m  w ere p r e s e n t  th ro u g h o u t th e  c o re  

and th e  o c c a s io n a d  Scenedesm us was re c o rd e d  ( c f .  P la t e  V n o . 5 , co lo n y  

from  B lelham  T a m ) .

The d ia to m s  o f  R o sth ern e*  s  deep w a te r  sed im en ts  w ere dom inated  

by p la n k to n ic  s p e c ie s ,  p a r t i c u l a r l y  S te p h a n o d isc u s  h a n t z s c h i i .
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PLATE IV

C era tiu m  rem a in s

a  + b . C y s ts  w ith  c o n te n ts ,  from  s u r fa c e  sed im en ts

c .  R o s th e rn e  Mere

(c o re  A*, s e c t io n  25-26 cm)

d . E s th w a ite  W ater

empty c y s t  from  c u l tu r e  experim en t 
( s e e  C h a p te r  7)

e -  h .  R o s th e rn e  Mere

(c o re  A*, s e c t io n s  25-26 cm and 59-60 cm)

n o te :  r e s id u e  in  th e  "em pty" c y s ts  ex ce p t in  (d )

m a g n if ic a t io n  x 400
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PLATE V

A lg a l rem ain s

1 . M ic ro c y s t is  x 100 

R o s th e m e  Mere

2• M ic ro c y s t i s  & N i tz s c h ia  p a le a  x 100

R o s th e m e  Mere -  p la n k to n  sam ple, Septem ber 1977

3 . A nabaena a k in e te s  x 200

R o s th e m e  Mere (c o re  A*, s e c t io n  27-28  cm)

4 .  A nabaena a k in e te s  x 400

R o s th e m e  Mere (c o re  A*, s e c t io n  24-25 cm)

5 . Scenedesm us x 600

B lelham  T arn  ( s e c t io n  4 -5  cm)

6 .  C era tiu m  c e l l  x 200

R o s th e m e  Mere (c o re  A*, s e c t io n  4 -5  cm)
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PLATE VI

M ic ro c y s tis  rem a in s  from  th e  sed im en ts  

o f  R o s th e m e  Mere

1 . S u rfa c e  co lo n y

2 . Colony from  4 -5  cm s e c t io n  ( c i r c a  1974)

3 . C olony from  16-17 cm s e c t io n  ( c i r c a  1964) 

s ta in e d  w ith  m e th y len e  b lu e

m a g n if ic a t io n  x 400
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A s t e r io n e l l a  fo rm osa  and M e lo s ira  g r a n u la t a . S m a lle r  num bers o f  

S te p h a n o d isc u s  a s t r a e a , N i t z s c h i a  p a le a  and C y c lo te l la  p s e u d o s te l l ig e r a  

w ere a l s o  p r e s e n t .  R eynolds (1978) o b se rv e d  t h a t  in  c e r t a i n  yeêirs th e  

M ic ro c y s t is  c o lo n ie s  had  c o n s id e r a b le  g row ths o f  N i tz s c h ia  on t h e i r  

p e r ip h e r y .  P l a t e  V n o . 2 shows an exam ple from  a  p la n k to n  sample ta k e n  

in  1978. G anf (1974) a l s o  r e c o rd e d  N i tz s c h i a  sp p . embedded in  th e  

m u c ilag e  o f  M ic ro c y s t is  c o lo n ie s  from  Lake G eorge, Uganda.

The s t r a t i g r a p h y ,  c o n s id e r in g  th e  a lg a l  re m a in s , o f  th e  th r e e

d e e p -w a te r  c o re s  i s  v e ry  s i m i l a r .  However n u m e ric a l d i f f e r e n c e s
\

betw een them may be g r e a t e r  th a n  an o r d e r  o f  m ag n itu d e . A ll  th e  

p r o f i l e s  a r e  w e ll  s t r u c t u r e d  and show l i t t l e  e v id en ce  o f  m ix ing  ( i . e .  

sm ooth ing  o f  th e  p r o f i l e s ) .  The a v a i l a b i l i t y  o f  d e t a i l e d  a lg a l  

r e c o rd s  o v e r th e  p a s t  15 y e a r s  e n a b le s  s p e c i f i c  h o r iz o n s  o f  a  co re  to  

be d a te d  by e i t h e r  th e  a l g a l  c o n te n t  o f  a  s e c t io n  o r  a  change in  assem ­

b la g e  betw een s e c t i o n s .

C o n s id e r in g  c o re  A*, i n i t i a l l y ,  th e  a lg a l  s t r a t ig r a p h y  ( f ig u r e  

5 .6 )  a c c u ra te ly ,  r e f l e c t s  some a s p e c t s  o f  th e  p h y to p la n k to n  d a ta  and 

an 'a l g a l  c h ro n o lo g y ' can  be e s t a b l i s h e d .  The f l u c t u a t i o n s  in  summer 

dom inance d u r in g  th e  p e r io d  1963-1977 betw een M ic ro c y s tis  and C eratium  

a r e  re p ro d u c e d  i n  th e  se d im e n t colum n above 17 cm. The r e c e n t  s h i f t  

to  in c re a s e d  M ic ro c y s t i s  p o p u la t io n s  o v e r  th e  p a s t  two decad es  

(R eynolds & R o g ers , 1976) i s  fo u n d  in  th e  p r o f i l e  around 20 cm w hich 

d a te s  c i r c a  1958 . In d e p e n d e n tly  o f  th e  C s-137 and Pb-210 m ethods, 

d a te s  may be a s s ig n e d  t o  p a r t i c u l a r  s e c t io n s  w here " in te r lu d e s "  o f  

C era tiu m  o c c u r .  T h e re fo re  th e  2 -3  cm s l i c e  can  be  ta k e n  to  r e p r e s e n t  

1975 and s i m i l a r l y  1971 i s  r e f l e c t e d  in  th e  8-9  cm s e c t io n .  I t  i s  

n o t  p o s s ib le  t o  d a te  th e  re m a in s  o f  o th e r  n o n - s i l i c e o u s  a lg a e  becau se  

e i t h e r  th e  num ber o f  in d i v id u a l s  was sm a ll ( e . g .  S ta u ra s tru m ) o r th e
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F ig u re  5 .6  

R o s th e rn e  Mere -  a lg a l  re m a in s , c o re  A*

a .  C era tiu m  h i r u n d i n e l l a  ; c y s t s  (sh a d in g  = w ith  c o n te n ts )

b . M ic ro c y s tis  spp (p re d o m in a n tly  M. a e ru g in o sa )

c .  A nabaena spp ; a k in e te s

d . Aphanizomenon f lo s - a q u a e  : a k in e te s

e .  S ta u ra s tru m  spp ; c e l l s

f .  S te p h a n o d isc u s  a s t r a e a  : c e l l s
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bialk o f  th e  rem a in s  do n o t  c o in c id e  w ith  a  p e r io d  c o v e re d  by th e  re c o rd s  

( e . g .  A nabaena) . The more r e c e n t  ( p o s t  I960 ) p o p u la t io n s  o f  A nabaena 

and Aphanizomenon a r e  n o t  r e f l e c t e d  in  th e  number o f  a k in e te s  l e f t  in  

th e  s e d im e n ts .

S te p h a n o d isc u s  a s t r a e a  was c o u n ted  on b o th  f r e s h  and d ig e s te d  

m a te r i a l .  A lth o u g h  th e  p a t t e r n  o f  th e  p r o f i l e s  i s  s im i l a r  ( f i g u r e s  5 .6  

and 5 . 7 ) th e r e  a r e  some n u m e ric a l in c o n s i s t e n c i e s , e s p e c i a l l y  a t  low 

c o n c e n t r a t io n s .  A s im i l a r  r e s u l t  f o r  th e  same a lg a  was a l s o  found  in  

E lle sm e re  Mere ( s e e  C h a p te r  4 ) .  The d ia tom  was re c o rd e d  by P e a r s a l l  

( 1923 ) and L in d  (1944) and th e  c o re  s u g g e s ts  t h a t  i t  was abundan t 

around  th e  tu r n  o f  th e  c e n tu ry  when com pared to  th e  p r e s e n t  d a y .

R eynolds (1978) q u o te s  a  ty p i c a l  f i g u r e  o f  < 20 c e l l s  ml”  ̂ b u t 1973 

p rod u ced  a  r e l a t i v e l y  l a r g e  p o p u la tio n  (maximum 110 c e l l s  ml*”^ ) and 

t h i s  i s  c o n ta in e d  w ith in  th e  6 -7  cm s l i c e  o f  c o re  A*. The l i m i t e d  

o c c u rre n c e  o f  l a r g e  p o p u la t io n s  o f  o th e r  d ia to m s ( f i g u r e  5 .7 )  e n a b le s  

t h i s  a l g a l  d a t in g  scheme to  be e x te n d e d . T h e re fo re  th e  maxima o f  

C y c l o t e l l a  p s e u d o s t e l l i g e r a  (8 -9  cm) may be a s s ig n e d  to  1971 and t h a t  

o f  M e lo s ira  g r a n u la ta  (11 -12  cm) to  1968.

W hile  th e  s p e c ie s  w hich have had i s o l a t e d  maxima g iv e  d i s c r e t e  

p eaks w i th in  th e  sed im en t column th o s e  w hich  have been  r e g u la r ly  

re c o rd e d  le a v e  an u n c le a r  r e c o r d .  R eynolds (1978) r e c o rd s  a  maximum 

o f  7200 A s t e r io n e l l a  c e l l s  ml“  ̂ in  May 1972 ( t y p i c a l l y  ab o u t 1000 ml  ̂) 

b u t i t  i s  n o t  o b v io u s  on th e  p r o f i l e .  S im i la r ly  S te p h a n o d isc u s  

h a n tz s c h i i  was more num erous in  1971 th a n  in  o th e r  y e a r s  s tu d ie d  by 

R eynolds b u t maxima in  th e  p r o f i l e  do n o t  c o rre sp o n d  w ith  th e  1971 peak 

o f  C y c l o t e l l a  p s e u d o s t e l l i g e r a  w hich i s  found  in  th e  8 -9  cm h o r iz o n .

C o res  B* and C* showed v e ry  s im i la r  p a t t e r n s  o f  a lg a l  rem a in s  

to  c o re  A* th ro u g h o u t t h e i r  l e n g th  ( f i g u r e s  5 .8  and 5 . 9 ) .  The
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F ig u re  5 .7

R o s th e rn e  Mere -  d ia tom  s t r a t i g r a p h y ,  c o re  A*

a .  A s t e r io n e l l a  fo rm osa

b . S te p h a n o d isc u s  s is tra e a

c .  S te p h a n o d is c u s  h a n tz s c h i i

d . M e lo s ira  g r a n u la ta

e .  N i tz s c h i a  p a le a

f . C y c l o t e l l a  p s e u d o s te l l ig e r a

g . "o th e r*  d ia tom s (p re d o m in a n tly  n o n -p la n k to n ic )
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C era tiu m  p eaks in  th e  u pper 20 cm a re  more pronounced  th a n  in  c o re  A*

and 1975 and 1971 can  be e a s i l y  lo c a te d .  The d a te s  f o r  c o re  B*

c o rre sp o n d  w ith  th o s e  o f  A* b u t th e  to p  o f  c o re  C* i s  s l i g h t l y  s t r e t c h e d ,  

p e rh ap s  c a u se d  by th e  geis. C ore B* shows a  p ronounced  peak  o f

C e ra tiu m  a t  17-18  cm and t h i s  may r e p r e s e n t  th e  l a r g e  1963 p o p u la tio n

(D av id , 1 9 6 4 ). A c o rre sp o n d in g , b u t s m a l le r ,  maxima may be  found  a t  

19 -20  cm in  c o re  C* and c i r c a  18 cm in  A*. The d a t in g  o f  t h i s  l e v e l  

by th e  a l g a l  rem a in s  i s  c o n s i s t e n t  w ith  th e  C s-137 d a t in g  scheme ( c f .  

L iv in g s to n e  & Cam bray, 1 9 7 8 ).

The c o re s  c o n ta in e d  sm a ll num bers o f  Aphanizomenon and S ta u ra s tru m , 

a l th o u g h  th e  l a t t e r  was more num erous in  th e  79-80 cm s l i c e  from  c o re  C*. 

L arg e  c o n c e n t r a t io n s  o f  Anabaena sp o re s  w ere p r e s e n t  betw een 20-30  cm 

b u t ,  s im i l a r  to  c o re  A*, th e  m ost r e c e n t  p h y to p la n k to n  p o p u la t io n s  a re  

n o t  r e p r e s e n te d .  P e d ia s tru m  c o lo n ie s  w ere co u n ted  on c o re s  B* and C*, 

a l th o u g h  th e  o c c a s io n a l  C o e las tru m  co lo n y  may a l s o  have been  in c lu d e d . 

Rem ains o f  P e d ia s tru m  w ere found  th ro u g h o u t th e  c o re s  w ith  a  s l i g h t  

in c r e a s e  in  th e  u p p e r 5 cm w hich c o n ta in e d  h e a l th y - lo o k in g  c o lo n ie s .

The m ost s t r i k i n g  d i f f e r e n c e  betw een th e  t h r e e  c o re s  i s  th e  

m ag n itu d e  o f  th e  1973 S te p h a n o d isc u s  a s t r a e a  p eak . The maxima in  

c o re s  A* and C* i s  around  4000 c e l l s  p e r  5 p i  o f  f r e s h  sed im en t w h ile  

57000 c e l l s  w ere re c o rd e d  in  c o re  B*. A t o th e r  d e p th s  th e  number o f  

c e l l s  p e r  u n i t  volum e i s  more com parab le  e .g .  in  th e  4 5 -50  cm s e c t io n  

th e r e  a r e  10000-12000 c e l l s  in  a l l  th r e e  c o r e s .

b .  The sh a llo w  w a te r  c o re s

The sed im en t c o re s  ta k e n  in  s h a llo w e r  w a te r  ( 8 m )  c o n ta in e d  th e  

same a l g a l  assem b lag e  a s  th e  deep w a te r  c o r e s .  However th e  rem ain s  

w ere f a r  l e s s  num erous. T h is  i s  t r u e  n o t  o n ly  f o r  th o s e  a lg a e  w hich
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a re  r a r e l y  p re s e rv e d  ( e . g .  M ic r o c y s t i s ) b u t a l s o  f o r  th e  s i l i c a  d ia tom  

f r u s t u l e s  o f  S te p h a n o d is c u s  a s t r a e a . D uring  th e  summer o f  1978 th e  

f i la m e n to u s  b lu e -g re e n  O s c i l l a t o r i a  a r g a r d h i i  vets abundant and many 

f i l a m e n ts  w ere fo u n d  in  th e  s u r f a c e  la y e r s  o f  c o re  Z* ( ta k e n  in  

S ep te m b er), a l th o u g h  no  e v id e n c e  o f  p r e s e r v a t io n  can  be g iv e n .

The p r o f i l e s  from  th e  c o re s  ( f ig u r e  5 .1 0 )  a r e  n o t  s im i l a r  to  

th o s e  fo u n d  in  th e  deep  w a te r  s i t e  ( c f .  f ig u r e s  5 .6 ,  5 .8  and 5 . 9 ) .

The g e n e ra l  p a t t e r n  o f  th e  rem a in s  re sem b le s  th o s e  from  th e  r i c h e r  

u p lan d  la k e s  ( s e e  C h a p te r  3 ) .

The p r e s e r v a t io n  o f  M ic ro c y s t is  i s  p o o r, e s p e c i a l l y  in  c o re  Z* 

w here v e ry  few  c o lo n ie s  a r e  fo u n d  in  th e  upper 6 cm and none below  t h i s .  

The abundance o f  M ic ro c y s t i s  i n  c o re  Y* i s  abou t an o rd e r  o f  m agn itude  

l e s s  th a n  fo u n d  in  th e  deep  w a te r  c o r e s .  The 1972-1977 p e r io d  w hich 

was dom inated  by th e  b lu e -g re e n  a lg a  i s  p o s s ib ly  r e p r e s e n te d  by th e  

rem ains found  betw een  7-2  cm however th e  e q u a l ly  abundan t y e a r s  o f  

1960-1968 a r e  n o t  r e f l e c t e d  in  th e  c o re  p r o f i l e .  Fewer rem a in s  and 

u n s t r u c tu r e d  p r o f i l e s  w ere re c o rd e d  f o r  Aphanizom enon, S ta u ra s tru m , 

P ed ia istrum , C o e la s tru m  and Scenedesm us. C ore Z* was n o ta b le  f o r  th e  

abundance o f  A nabaena a k i n e t e s , q u a n t i t a t i v e l y  com parab le  w ith  th e  deep 

w a te r  c o r e s .

The c e l l s  o f  S te p h a n o d is c u s  a s t r a e a  show s im i la r  maxima in  th e  

deep and sh a llo w  s i t e s .  The s u r f a c e  s e c t io n s  c o n ta in  c e l l s  d e p o s i te d  

betw een March 1977 ( c f .  c o re  A*) and Septem ber 1978 ( c f .  c o re  Z*) and 

o f f e r  a n o th e r ,  p o t e n t i a l l y  u s e f u l ,  s t r a t i g r a p h i e  m a rk e r. The 1973 

peak i s  r e f l e c t e d  i n  th e  sh a llo w  w a te r  sed im en ts  b u t th e  number o f  

c e l l s  re c o rd e d  (630  in  Y* and 670 in  Z* p e r  5 p i  f r e s h  sed im en t) w ere 

a t  l e a s t  an o r d e r  o f  m ag n itu d e  low er th a n  found  in  c o re s  A*, B* (b o th  

c i r c a  4000) o r  C* (5 7 0 0 0 ) .
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F ig u r e  5 . 1 0

R o s t h e r n e  M e r e  -  S h a l l o w  w a t e r  c o r e s

C O R E  Y *

a  C e r a t i u m  h i r u n d i n e l l a  ( c y s t s )  

b  M i c r o c y s t i s  s p p  ( c o l o n i e s )  

c  A n a b a e n a  s p p  ( a k i n e t e s )  

d  A p h a n i z o m e n o n  f l o s - a q u a e  ( a k i n e t e s )  

e  S t a u r a s t r u m  s p p  ( c e l l s )  

f  P e d i a s t r u m  s p p  ( c o l o n i e s )

g  C o e l a s t r u m  s p  ( c o l o n i e s )

h  S c e n e d e s m u s  s p p  ( c o l o n i e s )  

i  S t e p h a n o d i s c u s  a s t r a e a  ( c e l l s )

C O R E  Z *

a  C e r a t i u m  h i r u n d i n e l l a  ( c y s t s )  

b  M i c r o c y s t i s  s p p  ( c o l o n i e s )  

c  A n a b a e n a  s p p  ( a k i n e t e s )  

d  A p h a n i z o m e n o n  f l o s - a q u a e  ( a k i n e t e s )  

e  S t a u r a s t r u m  s p p  ( c e l l s )  

f  P e d i a s t r u m  ( c o l o n i e s )

g  C o e l a s t r u m  ( c o l o n i e s )

h  O s c i l l a t o r i a  a r g a r d h i i  ( f i l a m e n t s )

i  S t e p h a n o d i s c u s  a s t r a e a  ( c e l l s )
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7. DISCUSSION

a .  A lg a l rem ains and p r e s e r v a t io n

The num erous rem a in s  o f  n o n - s i l i c e o u s  a lg a e  found  in  R o s th e m e  

a re  s im i la r  to  th o s e  o b se rv e d  in  th e  s a p ro p e l d e p o s i t s  o f  th e  U .S .S .R . 

(K orde, I9 6 0 , 1 9 6 6 ). ’ S ap ropel*  i s  d e r iv e d  from  th e  G reek  f o r  p u t r i d  

mud and C h a l l in o r  (1967) d e f in e s  i t  a s :

" th e  u n c o n s o l id a te d  p ro d u c t o f  th e  d eco m p o sitio n  

o f  a q u a t ic  p l a n t s  and a s s o c ia te d  o rgan ism s u n d er 

n e u t r a l  o r  m i ld ly  a l k a l in e  c o n d i t io n s ."

The a lg a e  a re  th e  m ain so u rc e  o f  t h i s  o rg a n ic  s lu d g e  in  a q u a t ic  

env ironm en ts  ( C h a l l in o r ,  1 9 6 7 ). The d e s c r ip t io n  ap p ea rs  h ig h ly  

s u i t a b l e  f o r  b o th  R o s th e rn e  Mere and U pton B road (p lu s  p e rh ap s  

E lle sm ere  M ere). The h ig h ly  re d u c e d  o rg a n ic  ooze o f  R o s th e m e  Mere 

p re s e rv e s  some o f  th e  a lg a e  f o r  many d e c a d e s .

I f  num erous rem a in s  o f  an a lg a  a r e  found  w ith in  th e  sed im en t 

c o re  i t  may be assum ed t h a t  i t  had been  in  th e  p la n k to n . However 

th e  co n v e rse  i s  n o t  t r u e ,  i n  t h a t  i f  rem a in s  a r e  n o t found  th e n  t h a t  

a lg a  may s t i l l  have been p r e s e n t  in  th e  l a k e .  The s p e c ie s  c o m p o sitio n  

o f  a lg a l  rem ains  i n  th e  se d im e n ts  o f  R o s th e rn e  Mere i s  s im i la r  to  t h a t  

re c o rd e d  in  E lle sm e re  M ere. In  b o th  s i t e s  th e  r e s t i n g  s p o re s  o f  

p a r t i c u l a r  a lg a e  and th e  r e s i s t a n t  c e l l s  o r  c o lo n ie s  o f  th e  l a r g e r  

s p e c ie s  a re  p re s e rv e d .  T h ere  i s  a  n o ta b le  ab sen ce  o f  th e  sm a ll 

u n i c e l l u l a r  g e n e ra  su ch  a s  C h lo r e l l a , Cryptom onas and Rhodomonas, 

w hich have been abun d an t in  R o s th e m e  Mere (R ey n o ld s, 1978 and u n p u b lish e d  

d a t a ) .

The a p p l ic a t io n  o f  a l g a l  r e s t i n g  s p o re s  a s  i n d i c a to r s  o f  p a s t  

p o p u la tio n s  m ust be  c o n s id e re d  w ith  some c a u t io n .  In  R o s th e m e  H ere
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th e  c y s t s  o f  C e ra tiu m , in  th e  s e d im e n ts , a re  seem in g ly  r e l a t e d ,  in  

abundance, to  p la n k to n  p o p u la t io n s  b u t th e  a k in e te s  o f  th e  b lu e -g re e n s  

Aphanizomenon and e s p e c i a l l y  A nabaena do n o t  r e f l e c t  th e  v e g e ta t iv e  

p o p u la tio n  o b se rv e d . The c o re s  show t h a t  th e  A nabaena and Aphanizomenon 

p o p u la t io n s  p re -1 9 6 0  ( i . e .  below  20 cm) p roduced  many a k in e te s .  

IM fo r tu n a te ly  no r e c o rd s  a re  a v a i l a b l e  f o r  t h i s  s e c t io n  (1945-1960) 

and so  i t  i s  n o t  p o s s ib le  to  c o r r e l a t e  p la n k to n  p o p u la tio n s  w ith  a k in e te  

c o n c e n tr a t io n  in  th e  s e d im e n ts .  B oth  th e s e  a lg a e  have been  common in  

th e  p h y to p la n k to n  d u r in g  th e  p e r io d  1963-1967 ( s e e  t a b l e  5a) b u t o n ly  

a  sm a ll number o f  a k in e te s  a r e  fo u n d  in  th e  c o rre sp o n d in g  s e d im e n ts .

T hese low  c o n c e n t r a t io n s  may be a t t r i b u t e d  to :

i .  A nabaena and A phani zomenon can  o v e rw in te r  in  th e  w a te r  colum n. 

A k in e te s  a r e  n o t  th e  o n ly  mechanism  f o r  p e re n n a tio n  (Lund, 1965; s e e  

a l s o  C h a p te r  6 ) .

i i .  A k in e te s  may o n ly  be form ed u n d e r a d v e rse  en v iro n m en ta l 

c o n d i t io n s  such  a s  in  s u r f a c e  bloom s (R o th e r  & F ay , 1 9 77 ).

i i i .  S u r fa c e  bloom s c a n  e a s i l y  be blown to  one s e c t io n  o f  th e  la k e  

by p r e v a i l in g  w inds and hence m ore a k in e te s  may be d e p o s ite d  in  l i t t o r a l  

a r e a s .  P h y to p la n k to n  p o p u la t io n s  a r e  a l s o  o f te n  n o t  hom ogeneously 

d i s t r i b u t e d  th ro u g h o u t th e  w a te r  colum n, le a d in g  to  "p a tc h in e ss*

( c f .  H eaney, 1 9 7 6 ).

i v .  A k in e te s  can  g e rm in a te  w ith jj'th e  w a te r  colum n, s h o r t l y  a f t e r  

s p o r u la t io n  (R o th e r  & F ay , 1977) and hence few er w hole specim ens may 

re a c h  th e  se d im e n ts  a f t e r  se d im e n tin g  th ro u g h  30 m th a n , s a y , 3 m.

I t  i s  n o ta b le  t h a t  th e  te m p o ra ry  n a tu r e  o f  th e  a k in e te s ,  a s  

su g g e s te d  by R o th e r  & Fay (1977) does n o t  seem in g ly  ap p ly  to  a l l  y e a r s  

when A nabaena was ab u n d an t i e .  1950-1960 .
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b . S e d im e n ta tio n  and Pb-210 d a t in g

The C s-137 d a t in g  m ethod g iv e s  a  mean annual r a t e  o f  sed im en t 

ac c u m u la tio n  (1 963 -1977) o f  c i r c a  1.21 cm y r” ^ . A verage in c re m e n ts  

can a l s o  be  com puted f o r  s h o r te r  tim e  p e r io d s  u s in g  th e  a l g a l  d a t in g  

schem e. A r a t e  o f  d e p o s i t io n  o f  ab o u t 1 .0  cm yr~^ i s  com puted f o r  

th e  p e r io d s  1963-1968 , 1968-1971 and 1971-1973 . A r i s e  t o  abou t

2 .0  cm y r ”  ̂ to o k  p la c e  a f t e r  1973.

The w a te r  c o n te n t  o f  th e  c o re  d o es  n o t  d i s p la y  th e  t y p i c a l  r a p id  

d e c l in e  fo u n d  in  many se d im e n ts  ( c . f .  B le lham  T a m , P en n in g to n  e t  a l . ,  

1 9 7 6 ). The M ic ro c y s t i s  c o lo n ie s  h o ld  a  l o t  o f  w a te r  and th e r e  i s  a  

s i g n i f i c a n t  c o r r e l a t i o n  (Spearm an ra n k  c o r r e l a t i o n  c o e f f i c i e n t ,  rg  «

+ 0 .6 5 7 , p < 0 .01  ) betw een  th e  a lg a  and th e  w a te r  c o n te n t  o v e r  th e  to p  

30 cm o f  c o re  C*. I t  c o u ld  be a rg u ed  t h a t  th e  c o r r e l a t i o n  i s  n o t 

m e an in g fu l s in c e  M ic ro c y s t i s  h as  o n ly  r e c e n t l y  become abundan t and 

w a te r  c o n te n t  t y p i c a l l y  in c r e a s e s  to w ard s  th e  i n t e r f a c e .  However th e  

p r o f i l e  o f  th e  M ic ro c y s t i s  does n o t  show an in c re c ise  to w ard s th e  u p p er 

l a y e r s ,  in  f a c t  th e  l a r g e s t  p eaks  a r e  a ro u n d  15 cm and 18 cm. S in c e  

th e  number o f  C e ra tiu m  c y s t s  a r e  n e g a t iv e ly  c o r r e l a t e d  w ith  th e  w a te r  

c o n te n t  ( rg  = -  0 .3 5 6 , p < 0 .0 5 )  i t  appeairs t h a t  th e  s l i c e s  c o n ta in in g  

abundan t M ic ro c y s t i s  c o lo n ie s  c o n ta in  m ore w a te r .  T h e re fo re  th e  

an n u a l in c re m e n t l a i d  down in  a  M ic r o c y s t i s - dom inant y e a r  w i l l  be 

g r e a t e r  th a n  d u r in g  a  C e ra tiu m  y e a r .  T h is  f a c t  was a l s o  s u b s t a n t i a t e d  

by th e  t r a p  d a t a  ( s e e  C h a p te r  7 ) when th e  volum e o f  s e s to n  in  1977, 

w hich was M ic ro c y s t i s  -dom inated was f a r  g r e a t e r  th a n  in  1978 w hich  was 

O s c i l l a t o r i a  d o m in a ted .

The M ic r o c y s t i s , w hich  c o n ta in s  a  l o t  o f  w a te r ,  i s  r e s p o n s ib le  

f o r  th e  in c r e a s e  i n  th e  r a t e  o f  sed im en t a c c r u a l  in  th e  u p p e r 20 cm o f  

th e  c o r e .  I t  i s  t h i s  su d d en , and i r r e g u l a r ,  r i s e  in  th e  r a t e  o f
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se d im e n t a c c u m u la tio n  w hich r e n d e r s  th e  c . i . c .  m ethod o f  c a l c u la t in g  

th e  Pb-210 d a te s  im p r a c t ic a l  ( f i g u r e  5 .1 1 ) .  The c . r . s .  model o f  

P b-210 d a t in g  th u s  seems more accom odating  to  r a p id  a c c e le r a t io n s  in  

a c c u m u la tio n  r a t e s ,  a lth o u g h  the two m odels a r e  c o n s i s t e n t  below  20 cm 

w here b o th  s u g g e s t a  u n ifo rm  r a t e .  The d i s c r e p a n c ie s  betw een th e  

Pb-210 and th e  a lg a l  d a te s  a r e  l i k e l y  to  b e  a  f u n c t io n  o f  th e  i r r e g u l a r  

f l u c t u a t i o n s  in  sed im en t a c c ru a l  c au sed  by th e  " in te r lu d e s *  o f  o th e r  

a lg a e  a p a r t  from  M ic ro c y s tis  ( e . g .  C e ra tiu m ) . The c . r . s .  m ethod 

i n t e g r a t e s  betw een  th e  p o in t s  and h ence  i s  an a v e ra g e  f o r  t h a t  p a r t i c u l a r  

tim e  p e r io d .  I t  w ould be n e c e s s a ry  t o  meeisure th e  Pb-210 c o n c e n tra ­

t i o n s  in  eac h  c o n tig u o u s  s l i c e  t o  a c h ie v e  th e  a c c u ra c y  o f  th e  a lg a l  

c h ro n o lo g y . T h e re fo re  th e  c . r . s .  model i s  a p p l ic a b le  n o t  o n ly  to  

v a r i a t i o n s  in  acc u m u la tio n  r a t e  r e s u l t i n g  from  human a c t i v i t y ,  such  as 

th e  i n s t a l l a t i o n  o f  sew erage schem es, and c a t a s t r o p h ic  e v e n ts  su ch  eis 

v o lc a n ic  a sh  l a y e r s  ( O ld f ie ld  e t  a l . ,  1978) b u t a l s o  frcmi ch anges in  

th e  a u to c h th o n o u s  com ponent o f  th e  s e d im e n t.

c .  C a l c i t e  p r e c i p i t a t i o n

The a s s im i la t io n  o f  ca rb o n  d io x id e  by p h o to s y n th e s is in g  p la n ts  

consum es l a r g e  q u a n t i t i e s  o f  CO^ from  th e  w a te r .  S in c e  th e  exchange 

e q u i l ib r iu m  o f  a tm o sp h e ric  CO^ i s  a  c o m p a ra tiv e ly  slow  r e a c t i o n ,  th e  

c o n c e n t r a t io n  in  s u r f a c e  w a te rs  d u r in g  a c t i v e  p h o to s y n th e s is  may become 

d e p le te d  in  e u t ro p h ic  la k e s  w i th in  a  v e ry  s h o r t  t im e . T h is  may r e s u l t  

in  s a t u r a t i o n  w ith  r e s p e c t  to  c a l c i t e  and th e  in d u c t io n  o f  c a rb o n a te  

p r e c i p i t a t i o n .

The c o n d i t io n  f o r  c a l c i t e  p r e c i p i t a t i o n  i s  th e rm o d y n am ica lly  

d e f in e d  by :

+ COg" .  CaCOg (C a^*) (C O j") =
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Where i s  th e  e q u i l ib r iu m  c o n s ta n t ,  w hich a t  a  g iv e n  p r e s s u re  

( n e g l i g ib l e  <1000 m) i s  a  f u n c t io n  o f  te m p e ra tu re .  (Ca^'*') and 

(COg ) a r e  io n ic  a c t i v i t i e s  o f  th e s e  io n s  a t  e q u i l ib r iu m  and t h e i r  

p ro d u c t i s  te rm ed  th e  io n i c  a c t i v i t y  p ro d u c t ( l .A .P . )  w hich may be 

d e r iv e d  from  m easurem ent o f  a l k a l i n i t y  p lu s  pH o r  C O g -a c id ity . The 

c o n d i t io n  f o r  s a t u r a t i o n  o r  s u p e r s a tu r a t io n  i s

l . A .P .  > r c

C a l c i t e  d e p o s i t s  may r e s u l t  from  c a rb o n a te  p r e c i p i t a t i o n  in d u ced

by:

i .  m a c ro p h y te s ; e . g .  W etze l ( i9 6 0 )  

i i .  p h y s ic a l  f a c t o r s ,  su ch  êis te m p e ra tu re ; e .g .  B r u n s k i l l  (1969)

i i i .  p h y to p la n k to n ; e . g .  M egard (1 9 6 8 ); M u lle r & Wagner (1978)

i v .  a  c o m b in a tio n  o f  th e  above; e . g .  K e lts  & Hsù (1978)

A u s e f u l  co m p ariso n  o f  th e  c a l c i t e  bands found  in  R o s th e m e  Mere 

can  be  made w ith  th e  la m in a te d  se d im e n ts  o f  Lake Z u r ic h . Each an n u a l 

v a rv e  co m p rise s  a  d a rk ,  o r g a n ic ,  l a y e r  and a  l i g h t  lam in a  r i c h  in  

CaCO^ (Nipkow, 1 9 2 0 ). Y e a r ly  c a l c i t e  p r e c i p i t a t i o n  in  Lake Z u r ic h  i s  

in d u ced  by p h y to p la n k to n  and a  r i s e  in  te m p e ra tu re  (K e lts  & H su, 1 9 7 8 ). 

The c a l c i t e  bands in  R o s th e m e  do n o t  ap p ea r to  be annual l a y e r s ,  b u t 

r e p r e s e n t  in f r e q u e n t  p r e c i p i t a t i o n  e v e n ts .  T h is  p ro b a b ly  o c c u rs  in  

summer d u r in g  a  p e r io d  o f  q u ie t  w e a th e r  and when th e r e  i s  a  l a r g e  

a lg a l  p o p u la t io n .  The a lg a e  w i l l  be c o n c e n tra te d  w ith in  a  sm a ll 

d e p th  ra n g e  ( e . g .  a  s u r f a c e  bloom ) and may in d u ce  s a tu r a t i o n  and hence 

c a rb o n a te  p r e c i p i t a t i o n .  I n s p e c t io n  o f  th e  s e s to n  t r a p s  s u g g e s ts  

t h a t  th e  M ic ro c y s t is  p o p u la t io n  in  1978 in d u ced  such  an e v e n t .

K e lts  & H su  ( 1978 ) s t a t e  on th e  b c isis  o f  r e s u l t s  from  L . Z u ric h  

t h a t  th e  p r e s e r v a t io n  o f  d i s c r e t e  c a l c i t e  l a y e r s  depends on :

i .  th e  ab sen ce  o f  b o ttom  fa u n a

i i .  l a c k  o f  bo ttom  c u r r e n t s
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i i i .  l i t t l e  in p u t o f  ‘ d i lu t in g *  a l lo c h th o n o u s  m a te r ia l

i v .  no  e x c e s s iv e  p ro d u c tio n  o f  gas in  th e  sed im en t 

V. a  s ta g n a n t ,  s t r a t i f i e d  w a te r  m ass.

R o s th e m e  Mere s a t i s f i e s  num bers i .  and i i i .  o f  th e s e  c o n d i t io n s  and 

th e r e  i s  p ro b a b ly  a  l a c k  o f  b o ttom  c u r r e n t s .  I t  i s  n o t  known how much 

o f  th e  g a s  found  in  th e  c o re s  i s  r e l e a s e d  in  s i t u . Lake Z u r ic h  i s  

m e ro ra ic tic ; how ever R o s th e m e  d oes  n o t  have a  d e n s i ty  g r a d ie n t  n e a r  th e  

bo ttom  (B r in k h u rs t  & V a lsh , 1967) b u t th e  tu rb u le n c e  in  th e  d e e p e r  

a r e a  m ust be n e g l i g i b l e ,  in  o rd e r  to  p re s e rv e  th e  d i s c r e t e  l a y e r in g .  

K e l t s  & Hsu ( 1978 ) a t t r i b u t e  th e  la c k  o f  b en th o s  in  th e  Z u r ic h  sed im en ts  

to  th e  an o x ic  and to x i c  c o n d i t io n s  in  th e  s ta g n a n t  bo ttcm  w a te r .

The v a lu e  o f  X -ra d io g ra p h y  i s  e v id e n t  in  t h i s  s tu d y  by show ing 

th e  s e r i e s  o f  bands n o t  v i s i b l e  and s u b se q u e n tly  d e s tro y e d  by s e c t io n in g  

th e  c o r e .  The c a l c i t e  l a y e r s  s u g g e s t  t h a t  l a r g e  a lg a l  c ro p s  have been  

p r e s e n t  in  R o s th e rn e  Mere f o r  a t  l e a s t  th e  peist two hundred  y e a r s  and 

th e  p ro fu n d a l zone o f  th e  la k e  i s  a  s t a b l e  d e p o s i t ib n a l  en v iro n m e n t.

d .  ‘ G uanotrophy*

B r in k h u r s t  & V a lsh  (1967) h y p o th e s is e d  t h a t  th e  p e r s i s t e n c e  o f  

d e -o x y g e n a te d  c o n d i t io n s  in  th e  d e e p -w a te r  sed im en ts  was c au sed  by 

"an  abnorm al q u a n t i ty  o f  f a e c a l  m a t te r  c o n t r ib u te d  to  th e  

la k e  by th e  e x c e p t io n a l ly  l a r g e  p o p u la t io n s  o f  b o th  

r e s i d e n t  and t r a n s i e n t  b i r d s " .

However R eyno lds (I9 7 9 b ) c o n s id e r s  t h a t  th e  in c re a s e  in  maximum n u t r i e n t  

c o n c e n t r a t io n s  o b se rv e d  i n  r e c e n t  y e a r s  (Gorham, 1957; Grimshaw &

H udson, 1970; R ey n o ld s, 1979a) i s  l a r g e l y  a t t r i b u t a b l e  to  en ric h m e n t 

by a g r i c u l t u r a l  s o u rc e s .  He p o in t s  o u t t h a t  s im i la r  ch an g e s , i n  b o th  

s c a l e  and t im in g ,  have o c c u rre d  in  n e a rb y  m eres w hich do n o t  have  l a r g e
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b i r d  p o p u la t io n s .  T h is  prob lem  may be exam ined in  th e  l i g h t  o f  r e c e n t  

e s t im a te s  o f  n u t r i e n t  c o n c e n t r a t io n s  in  g u l l  d ro p p in g s , th e  number o f  

g u l l s  in  th e  R o s th e m e  r o o s t  and th e  r e s u l t s  from  th e  sed im en t c o r e s .

The w in te r  g u l l  r o o s t  on R o s th e m e  Mere i s  t y p i c a l l y  dom inated  

by th e  b la c k -h e a d e d  g u l l  (L a ru s  r id ib u n d u s ) w hich  may number 15000 b i r d s .  

The r o o s t  Mas e s t a b l i s h e d  around  1905 and o v e r 1000 b i r d s  w ere o b se rv ed  

i n  1914  (Cow ard, 1914)* O th e r g u l l s ,  n o ta ib ly  th e  l e s s e r  b la c k -b a c k e d  

g u l l  ( l .  f u s  e u s ) ,  th e  h e r r in g  g u l l  ( l .  a r g e n ta tu s ) and th e  common g u l l  

(L* c a n u s ) ,  a l s o  r o o s t  in  th e  w in te r  and th e  t o t a l  may r e a c h  o v e r 22000 

g u l l s .  T a b le  5b shows th e  in c re e ise  i n  th e  r o o s t  o v e r th e  p a s t  70 y e a r s  

w h ile  T a b le  5c g iv e s  th e  ‘ ty p ic a l*  mean m on th ly  r o o s t  num bers. T hese 

f i g u r e s  a r e  ap p ro x im a te  s in c e  m ost o f  th e  g u l l s  e n t e r  th e  r e s e r v e  a t  

dusk and c o u n tin g  l a r g e  num bers i s  d i f f i c u l t  ( t .  V a i l ,  p e r s o n a l  

co m m u n ica tio n ). The t o t a l s  in  th e  t a b l e  have been  rounded  up to  

av o id  u n d e r e s t im a t io n .  The g u l l s  f e e d  o u ts id e  th e  r e s e r v e  and th e  

h e r r in g  g u l l ,  i n  p a r t i c u l a r ,  o b ta in s  m ost o f  i t s  fo o d  by scav en g in g  on 

th e  open r u b b is h  t i p s  around  M an ch es te r (H a r r is o n  & R ogers , 1 9 7 8 ).

The number o f  r e s i d e n t  b i r d s  i s  r e l a t i v e l y  sm a ll ( e .g .  4000 M a lla rd  

w ere re c o rd e d  i n  th e  l a t e  1950‘ s )  and o f t e n  f e e d  l o c a l l y  and th u s  

b r in g  l i t t l e  e x t e r n a l  n u t r i e n t s  t o  th e  w a te r s .  They may, how ever, be 

e f f i c i e n t  a t  c o n v e r t in g  o rg a n ic  fo rm s o f  phosphorus w ith in  th e  la k e  

( i n v e r t e b r a t e s ,  m acro p h y tes) t o  s o lu b le  in o rg a n ic  phosphorus (H olden & 

C a in e s , 1 9 7 4 ) . From th e  m on th ly  a v e ra g e s  th e  t o t a l  number o f  v i s i t s  

can  be  c a l c u l a t e d  and a r e  e x p re s s e d  a s  ‘ g u l l  n ig h ts *  (T a b le  5 c ) .

G ould ( 1977) s tu d ie d  d a i l y  lo a d s  o f  f a e c a l  b a c t e r i a  and n u t r i e n t s  from  

fo u r  s p e c ie s  o f  c a p t iv e  g u l l s .  The e s t im a te d  24 hou r n u t r i e n t  lo a d s ,  

f o r  s o lu b le - P  w ere 92 mg f o r  th e  h e r r in g  g u l l ,  47 mg f o r  th e  l e s s e r  

b la c k -b a c k e d  g u l l ,  42 mg f o r  th e  common g u l l  and 30 mg f o r  th e  b la c k -
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B lack  headed  H e rr in g L e s se r  
b la c k -b a c k e d

Common

1900

1910

1920

1930

1940

1950

I960

1970

1980

"uncommon”

s t a r t  o f  r o o s t

1000

5000

10000

15000

i r r e g u l a r
v i s i t o r

2000

10000

6000

f re q u e n t

117

7000
7000

5000

few

100

2500
3000

From d a ta  e x t r a c te d  by H a r r is o n  & R ogers (1978)
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headed g u l l .  I f  th e  assum ption  i s  made t h a t  h a l f  o f  t h i s  i s  e j e s t e d  

d u rin g  th e  r o o s t in g  p e r io d  th e n  th e  y e a r ly  lo a d in g  by th e  g u l l  i s  c i r c a

7.01 X 10^ g s o l - P  y r  \  The mere has an a r e a  o f  4 .8 7  x  10^ and 

so  th e  a r e a l  lo a d in g  i s  c i r c a  0 .1 4 4  g s o l-P  m~ y r ”

A lo a d in g  f a c t o r  f o r  th e  m ere can  be e s t im a te d  u s in g  th e  PO^-P

v a lu e s  o f  Grimshaw & Hudson (1 9 7 0 ) . The mean o f  th e  d e p th  p r o f i l e s

y  e r e  ta k e n  to  e s t im a te  a  v a lu e  f o r  th e  w a te r  column and e ac h  sam pling

d a te  (n  = 27) a v e ra g e d  to  o b ta in  a  mean f ig u r e  o f  1 .7  9 PO^-P bT^  yr~^

( ra n g e  0 .6 7  -  2 .8 1 ) .  I f  th e  m onth ly  v a lu e s  f o r  1966 a r e  u s e d , th e

rem a in d e r b e in g  i r r e g u l a r  sam pling  d a te s  in  1965 and 1967, th e  y e a r ly

—2 —1
av era g e  i s  1 .9  g PO^-P m” y r”  . T hese c a l c u l a t i o n s  assum e t h a t  th e  

r e s id e n c e  tim e  o f  th e  la k e  i s  2 y e a rs  (H a rr is o n  & R o g ers , 1 9 7 8 ). In  

com parison  w ith  t h i s  f i g u r e  f o r  R o s th e rn e , R eynolds ( l9 7 9 b )  g iv e s  a  

v a lu e  o f  0 .5  -  1 .3  g P m y r  f o r  C ro se  Mere w hich  i s  l e s s  r i c h  th a n  

R o s th e rn e .

T h e re fo re  from  th e s e  v e ry  app ro x im ate  ceil c u l  a t  io n s  i t  a p p e a rs  

t h a t  th e  g u l l  r o o s t  p o t e n t i a l l y  o n ly  c o n t r ib u te s  ab o u t a  t e n th  o f  th e  

y e a r ly  in p u t  o f  ph o sp h o ru s  i . e .  an o rd e r  o f  m agn itude  l e s s  th a n  th e  

o th e r  in p u t s .  Even i f  th e  number o f  g u l l s  d o u b le d  o r  th e  e s t im a te  o f  

phospho rus e j e s t i o n  by th e  b i r d s  i s  to o  low th e  p r o p o r t io n  w ould s t i l l  

be s m a l l .  I t  may be n o te d  t h a t  th e  se d im e n ts , a s  a  p hospho rus s o u rc e , 

a r e  n o t  c o n s id e re d  in  th e  c a l c u l a t i o n s .  A lthough  th e r e  may be re g e n e ra ­

t i o n  o f  P in  th e  b o ttom  muds th e  n e t  annual amount m ust be n e g l i g i b l e  

o th e rw is e  t h e r e  w ould be a  c u m u la tiv e  annual in c r e a s e  o f  P in  th e  w a te r  

co lum n. The w a te r  and th e  sed im en ts  w i l l  be  in  e q u i l ib r iu m  w ith  

r e s p e c t  to  P and  a l th o u g h  th e r e  w i l l  be a  f l u x  a c ro s s  th e  i n t e r f a c e ,  

in c lu d in g  san e  g u a n o -d e r iv e d  P , th e  b a s ic  c o n c lu s io n s  w i l l  n o t  be 

a l t e r e d .
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A s i m i l a r  c a l c u l a t i o n  f o r  n i t r o g e n  i s  n o t  p o s s ib le  s in c e  Gould 

( 1977) V21S u n a b le  t o  m easure  th e  o x id is e d  fo rm s o f  n i t r o g e n  and a  t r u e  

e s t im a te  o f  n i t r o g e n  in  th e  w a te r  can n o t be o b ta in e d .  The summer 

v a lu e s  o f  NO^-N in  R o s th e rn e  Mere (Grimshaw & Hudson, 1970) a re  o f te n  

n e g l ig ib l e  b e c a u se  th e  n i t r o g e n  has been  ta k e n  up by th e  p la n k to n . 

R eynolds (1973# 1976a )h a s  p ro p o sed  t h a t  n i t r o g e n  i s  l i k e l y  to  become 

l i m i t i n g  b e f o r e  ph o sp h o ru s  in  C ro se  M ere.

The an n u a l lo a d in g  from  th e  g u l l s  o f  I je ld a h l - N  ( t o t a l  n i t r o g e n

+ NH^) i s  2 .9  g aT . An e s t im a te  f o r  th e  a r e a l  lo a d in g  d e r iv e d  from

th e  d a t a  o f  Grimshaw & Hudson i s  6 .6  g (NO.-N + NH.-N) mT^ y r~ ^ , w hich

i s  v e ry  l i k e l y  to  be  an u n d e r e s  t  im at io n  and a l s o  i s  n o t  com parab le  w ith

th e  g u l l  f i g u r e  due to  th e  d i f f e r e n t  s p e c ie s  o f  n i t r o g e n  c o n s id e re d  in

eac h  c a s e .  R eyno lds ( p e r s o n a l  com m unication) e s t im a te s  t h a t  a

M ic ro c y s tis  p o p u la t io n  o f  250 x 10^ c e l l s  l" ^  w ould c o n ta in  th e

—2e q u iv a le n t  o f  a p p ro x im a te ly  1 .9  g N m” .

The in c r e a s e s  in  n i t r o g e n  and phosphorus o b se rv ed  in  R o s th e rn e  

Mere a re  s i m i l a r  to  th o s e  fo u n d  in  o th e r  S h ro p sh ire -C h e s h ire  w a te rs  

o v e r th e  p a s t  few  d e c a d e s  (R ey n o ld s, 1 9 7 9 a). Some o f  th e s e  m eres do 

n o t  have l a r g e  b i r d  p o p u la t io n s  and en ric h m en t can  be a t t r i b u t e d  to  th e  

in c re a s e d  u se  o f  a g r i c u l t u r a l  f e r t i l i s e r s .  The r e s u l t s  o f  in c re a s e d  

n u t r i e n t  l e v e l s  have  been  s l i g h t ,  th e  in c id e n c e  o f  M ic ro c y s tis  a s  a  

summer dom inan t h a s  in c re a s e d  a lth o u g h  C era tiu m  i s  s t i l l  common. 

A lthough  th e  c o r e s  show t h a t  th e  p e r i o d i c i t y  o f  p h y to p la n k to n  heis been  

i r r e g u l a r ,  t h e  n u t r i e n t  r i c h  s p e c ie s  ( e . g .  th e  b lu e -g re e n s  and , in  

p a r t i c u l a r ,  d in o f  1 a g e l l a t e s ) have been  common f o r  many d eca d es  ( c f .  

R eynolds & S in k e r ,  1 9 7 6 ). L a rg e  s c a le  en ric h m en t by guano c a n n o t be 

s u b s t a n t i a t e d .
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G ould ( 1977 ) a l s o  com pared e s t im a te d  d a i ly  lo a d s  o f  phosphorus 

from  th e  g u l l s  to  d a i l y  human in p u t  ( i n  c ru d e  sew age). The d a i ly  

guano p ro d u c t io n ,  d u r in g  J a n u a ry ,  in  R o s th e rn e  Mere i s  e q u iv a le n t  to  a  

p o p u la t io n  o f  445 d is c h a rg in g  u n t r e a te d  e f f lu e n t  i n to  th e  m ere . On 

an an n u a l b a s i s  th e  g u l l  p o p u la t io n  i s  e q u iv a le n t  to  a  human p o p u la tio n  

o f  171 . The v i l l a g e  o f  R o s th e rn e  h as  a  p o p u la tio n  o f  c i r c a  100 w hich 

d i s c h a r g e s  t r e a t e d  sew age e f f l u e n t  i n t o  th e  m ere b u t th e  meiin in f lo w s  

o f  p h ospho rus  a re  p ro b a b ly  g ro u n d w ater and R o s th e rn e  Brook w hich d r a in s  

a  l a r g e  p r o p o r t io n  o f  th e  ca tch m e n t and th e  r i c h  Mere M ere. Grimshaw 

& Hudson ( 1970) fo u n d  a  c o n c e n t r a t io n  o f  0 .0 8  mg PO^-P 1  ̂ in  R o s th e rn e  

B rook .

E nrichm en t by b i r d  d ro p p in g s  h as  been  r e p o r te d  f o r  H ic k lin g  B road 

(L eah , Moss & F o r r e s t ,  1978) and s e v e r a l  D utch la k e s  (L e e n tv a a r , 1 9 67 ). 

These la k e s  a r e  sh a llo w  and in  th e  c a s e  o f  H ic k lin g  th e  number o f  g u l l s  

i s  l a r g e r  ( l  x  10^ b la c k -h e a d e d  g u l l s )  and th u s  th e  n u t r i e n t  c o n t r ib u t io n  

by th e  b i r d s  may be more s u b s t a n t i a l .  L e e n tv a a r  (1967) makes a  

"rough  e s t im a te "  f o r  an n u a l e j e s t i o n  o f  50 g P-PO^ b i r d   ̂ y r   ̂ w hich i s  

f a r  h ig h e r  th a n  G ould*s (1977) f i g u r e s . However L e e n tv a a r  a r r i v e s  a t  

t h i s  f i g u r e  i n d i r e c t l y ,  v i a  a  p h o sp h a te  budget f o r  one la k e ,  and n o t 

by m easurem ents o f  c o n c e n t r a t io n s  in  th e  guano. L e e n tv a a r* s  f i g u r e  

u sed  on th e  R o s th e rn e  d a t a  r e s u l t s  in  a  lo a d in g  f a c t o r ,  by th e  g u l l s ,  

o f  c i r c a  4  g PO^-P m" y r^  w hich  com pares w ith  th e  e s t im a te  u se d  in  

t h i s  s tu d y  o f  0 .1 4  g PO^-P m" y r~  . R o s th e rn e  d is p la y s  few s i m i l a r i t i e s  

w ith  th e  D utch  l a k e s ,  L e e n tv a a r  s t a t e s  :

" d ia to m s , b lu e -g re e n  a lg a e  and desm ids a re  v e ry  

s c a r c e  in  g u a n o tro p h ic  e n v iro n m e n ts" .

In p u t o f  n u t r i e n t s  by b i r d s  heis a l s o  been c o n s id e re d  in  Loch 

Leven (H olden & C a in e s ,  1 9 7 4 ) . A bout 7000 g e e se  t y p i c a l l y  r o o s t  around



153

L. Leven in  w in te r  and H olden & C a in es  c a l c u l a t e  t h a t  th e y  would 

c o n t r ib u te  ab o u t 1 .5  kg P day“ ^ . T h is  i s  o n ly  a  sm a ll c o n t r ib u t io n  

when com pared to  th e  q u a n t i ty  in tro d u c e d  by s tre a m s , sewage and in d u s t r y .

B r in k h u rs t  & W alsh (196?) s u g g e s te d  t h a t  th e  d e o x y g en a tio n  o f  

th e  p ro fu n d a l zones was cau sed  by th e  g u l l  d ro p p in g  and t h i s  r e s u l t e d  

in  th e  d e a r th  o f  b e n th o s . The c o r o l l a r y  o f  t h i s  h y p o th e s is  i s  t h a t  

b e fo re  th e  s t a r t  o f  th e  r o o s t  th e  sed im en ts  would have been  oxygenated  

and c o n ta in e d  a  norm al b e n th ic  fa u n a . The d e t a i l e d  s t r a t i g r a p h y  and, 

in  p a r t i c u l a r ,  th e  p re s e n c e  o f  c a l c i t e  l a y e r s  a t  d e p th  p r e s e n t  s tro n g  

e v id en ce  t h a t  R o s th e rn e  Mere has n o t  had a  p ro fu n d a l b en th o s  f o r  a t  

l e a s t  two c e n t u r i e s .  I t  i s  w o rth  n o t in g  t h a t  B r in k h u rs t  & W alsh a l s o  

m en tion  t h a t  th e  deep w a te r  sed im en ts  o f  E lle sm e re  Mere and C ro se  Mere 

a l s o  su p p o r t a  s p a r s e  b e n th ic  fa u n a . Tait-Bowman (1976 -  c i t e d  in  

R eyno lds, 1979a) s tu d ie d  chironcm iid l a r v a e  in  Newton M ere, C ro se  Mere 

and B lake Mere and d e m o n s tra te d  th e  in f lu e n c e  o f  h y p o lim n e tic  de­

o x y g en a tio n  on d i s t r i b u t i o n  and abundance. Summer s ta g n a t io n  and low 

oxygen l e v e l s  s e v e r e ly  red u ce d  th e  l a r v a l  p o p u la t io n s  in  th e  p ro fu n d a l 

zones in  C ro se  Mere and , in  p a r t i c u l a r ,  in  B lake  M ere. B oth  th e s e  

la k e s  do n o t  have a  l a r g e  b i r d  r o o s t  and i t  may be p ro p o sed  t h a t  th e  

absence  o f  bo ttom  fa u n a  in  deep  la k e s  i s  a r e s u l t  o f  th e  e u t ro p h ic  

c o n d i t io n s .  Newton Mere has many ch iro n o m id s a t  d e p th  b u t th e  la k e  

ta k e s  lo n g e r  to  d eo x y g en a te  and s u lp h id e  p ro d u c tio n  i s  l e s s  m arked th a n  

in  C rose  Mere and B lake  M ere.

I t  i s  co n c lu d ed  t h a t  a lth o u g h  g u l l  e x c r e ta  u n d o u b te d ly  | e n r i c h e s  

th e  w a te rs  o f  R o s th e rn e  Mere th e  m agn itude  o f  t h i s  in p u t  i s  p ro b a b ly  

sm a ll .  The c a l c i t e  band ing  and b io s t r a t ig r a p h y  d e m o n s tra te  t h a t  th e  

la k e  has su p p o r te d  a  r i c h  p h y to p la n k to n  f o r  many y e a r s  b e fo re  th e  s t a r t  

o f th e  r o o s t  and  d e o x y g en a tio n  h as  alw ays been  a  f e a t u r e  o f  th e
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R o s th e rn e  se d im e n ts  and i s  n o t co n n ec ted  w ith  en ric h m en t by th e  g u l l s .  

T h e re fo re  t o  u se  th e  te rm  "g u a n o tro p h ic "  f o r  R o s th e rn e  Mere a p p e a rs  to  

be i n a c c u r a t e .

e .  A re a l  v a r i a b i l i t y

M ost p a la e o lim n o lo g ic a l  w ork, on any one l a k e ,  i s  c a r r i e d  o u t 

on a  s i n g l e  c o r e ,  u s u a l ly  b ecau se  th e  tim e n eeded  t o  p ro c e s s  th e  m a te r ia l  

from  one c o re  p re c lu d e s  f u r t h e r  c o r in g  and a n a ly s e s .  The th r e e  deep 

w a te r  and two sh a llo w  w a te r  c o re s  from  R o sth e rn e  Mere o f f e r  an o p p o r tu n i ty  

to  exam ine th e  a r e a l  v a r i a t i o n  o f  a lg a l  rem a in s  fo u n d  w ith in  th e  

s e d im e n ts .  T h is  t h e s i s  i s  q u a l i t a t i v e ,  r a t h e r  th a n  q u a n t i t a t i v e ,  in  

n a tu r e  and a  f u l l  s t a t i s t i c a l  a n a ly s i s  o f  th e  e r r o r s  in v o lv e d  in  c o r in g ,  

su b -sa m p lin g  and en u m era tio n  hais n o t been a t te m p te d . However th e  

r e s u l t s  c a n  b e  u sed  to  g iv e  some id e a  o f  th e  m agn itude  o f  v a r i a b i l i t y  

betw een c o r e s .

As shown, th e  th r e e  d e e p -w a te r  c o re s  showed g r e a t  v a r i a b i l i t y  in  

th e  q u a n t i t a t i v e  e s t im a te s  f o r  p a r t i c u l a r  a lg a l  re m a in s , f o r  exam ple 

th e  1973 S te p h a n o d is c u s  a s t r a e a  p eak . The c o u n ts  in c lu d e  b o th  e r r o r s  

in h e re n t  i n  r e p e t i t i v e  su b -sam p lin g  and a r e a l  v a r i a t i o n  on th e  la k e  b ed . 

The c o u n ts  w ere  c a r r i e d  o u t on l e s s  th a n  0.02% o f  th e  t o t a l  volum e o f  

each  s l i c e ,  th e  b u lk  o f  w hich was s e n t  e i t h e r  f o r  r a d io n u c l id e  d a t in g  

o r  u sed  f o r  f u r t h e r  a n a ly s e s .

F iv e  r e p l i c a t e s  o f  th e  f i n a l  d i l u t i o n  w ere enum era ted  from  a

s in g le  s e c t i o n  o f  c o re  A* and agreem ent w ith  th e  P o is so n  s e r i e s  t e s t e d

by ( v a r ia n c e  to  mean r a t i o )  ( E l l i o t t ,  1977: p .4 1 ) .  A greem ent

w ith  th e  P o is s o n  s e r i e s  was a c c e p te d  (p  > 0 .0 5 )  f o r  th e  re m a in s  o f

C e ra tiu m , M ic ro c y s t i s  and S te p h a n o d isc u s . The h y p o th e s is  o f  random ness
2

was n o t p ro v e d  f o r  A nabaena w here th e  %  v a lu e  in d i c a te d  t h a t  th e
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d i s t r i b u t i o n  was c o n ta g io u s ,  a  r e s u l t  n o t  u n ex p ec ted  c o n s id e r in g  th e  

clum ped n a t u r e  o f  th e  a k i n e te s .  The maocimum p e rc e n ta g e  v a r i a t i o n  from  

th e  mean was C e ra tiu m  16%, M ic ro c y s t is  23%, A nabaena 57% and S te p h a n o d isc u s  

4%. The l a c k  o f  m a te r i a l  p re v e n te d  r e p l i c a t e  subsam pling  o f  each  

s e c t io n  b u t th e  e r r o r s  in v o lv e d  depend on th e  l a t e r a l  hom ogeneity  o f  

th e  s e c t io n  and th e  th ro u g h n e s s  o f  m ix in g . S e p a ra te  d i l u t i o n s  o f  a  

s in g le  subsam ple  from  two s e c t io n s  o f  c o re  B* showed th e  maximum 

v a r i a t i o n ,  from  th e  m ean, betw een th e  c o u n ts  wêis C era tiu m  13%,

M ic ro c y s tis  11%, A nabaena 66% and S te p h a n o d isc u s  10%. Assuming com p le te  

m ixing  o f  th e  s e c t io n s  th e  v a r i a t i o n  a s s o c ia te d  w ith  su b -sa m p lin g  and 

c o u n tin g  a p p e a rs  t o  be  < 50%, w ith  th e  e x c e p tio n  o f  A nabaena a k in e te s .

An id e a  o f  th e  betw een  c o re  v a r i a t i o n  may be g a in e d  by e x am in a tio n  

o f the r e l a t i v e  d i f f e r e n c e s  betw een th e  deep  w a te r  c o r e s .  The com parison  

o f  c h a r a c t e r i s t i c  p eak s  in  th e  p r o f i l e  ( t a b l e  5d.i) shows th e  v a r i a t i o n  

from  th e  mean depends on th e  s p e c ie s  c o n s id e re d  and maximum v a lu e s  

ra n g e  from  16% (A nabaena) to  163% ( S te p h a n o d is c u s ) .  The d is a d v a n ta g e  

o f  t h i s  m ethod i s  t h a t  a  d i s c r e t e  l a y e r  in  th e  sed im en t colum n may be 

s p l i t  betw een  tw o , o r  m ore, s e c t i o n s  d u r in g  th e  s l i c i n g  o f  a  c o r e .

The 1973 S te p h a n o d is c u s  a s t r a e a  peak  can  be c o n s id e re d  in  i s o l a t i o n  

( t a b l e  5 d . i i )  b u t  th e  v a r i a t i o n  i s  l i t t l e  ch an g ed . I f  th e  same 

co m p u ta tio n  i s  c a r r i e d  o u t on th e  C era tiu m  • in te r lu d e *  betw een  8-12  cm 

(10-13  cm in  c o re  C*) th e  v a r i a t i o n  i s  h a lv e d . Thus ccxnparison  o f  peak 

v a lu e s  may be  a f f e c t e d  by th e  e x t ru s io n  and s e c t io n in g  o f  th e  c o r e .

I f  th e  c u m u la tiv e  t o t a l s  o f  th e  0 -30  cm s e c t io n s  a r e  c o n s id e re d  in  th e  

same m anner ( t a b l e  5 d . i i i )  th e  v a r i a t i o n  from  th e  mean i s  t y p i c a l l y  

l e s s  th a n  30% (m ore f o r  S te p h a n o d is c u s ) .  T h is  m ethod, however makes 

th e  a ssu m p tio n  t h a t  th e  tim e  p e r io d  c o v e re d  by th e  s e le c te d  s e c t i o n  i s  

th e  same f o r  e a c h  c o r e .  C o n s id e r in g  th e  c lo s e  c o r r e l a t i o n  betw een  th e  

d e r iv e d  c h ro n o lo g ie s  t h i s  i s  j u s t i f i e d  f o r  R o s th e rn e  M ere.
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Table 5d Between Core Variation

i .  peak  v a lu e s  o f  s e le c te d  maxima ( l  cm s e c t io n s )

a lg a ap p ro x . 
d e p th  o f  
peak

C ore A C ore B C ore C Mean V a r ia t io n  
from  mean

C era tiu m 8 cm 119 477 342 339 40 -  41 %

M ic ro c y s tis 4 cm 394 743 616 584 27 -  33 %

Anabaena 25 cm 420 446 338 401 11 -  16 %

S te p h a n o d i scu s 7 cm 4225 57792 4016 22011 82 -1 6 3  X

i i .  t o t a l s  f o r  s e le c te d maxima

a lg a peak C ore A C ore B C ore C Mean V a r ia t io n  
from  mean

S te p h a n o d isc u s 1973 4813 57792 6421 23009 79 -151 %

C era tiu m 8-12 cm 677 1028 900 868 18 -  22 %

i i i .  c u m u la tiv e  t o t a l s 0 - 3 0 cm

a lg a C ore A C ore B C ore C Mean V a r ia t io n  
from  mean

C era tiu m 2258 2749 2621 2543 8 -  11 %

M ic ro c y s tis 5432 8188 9199 7606 21 -  29 %

A nabaena 1638 1272 1642 1517 8 -  16 %

S te p h a n o d isc u s 25899 86658 34366 48974 47 -  77 %
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The e f f e c t  o f  q u a n t i t a t i v e  v a r i a t i o n  on th e  s t r a t i g r a p h i e  p a t t e r n s  

vas t e s t e d  by ra n k  c o r r e l a t i o n .  Spearm an’ s  ra n k  c o r r e l a t i o n  c o e f f i c i e n t ,  

Tg, ( s e e  E l l i o t t ,  1977s p . 121) t e s t s  w h e th e r  th e  maxima and m inim a o ccu r 

a t  s i m i l a r  d e p th s  w i th in  th e  p r o f i l e s .  The 1973 S te p h a n o d isc u s  a s t r a e a  

peak  p ro v id e s  a  v e ry  ob v io u s  h o riz o n  a t  s i m i l a r  d e p th s  in  a l l  t h r e e  

d e e p -w a te r  c o r e s ,  and hence was n o t t e s t e d .  The p r o f i l e s  o f  C e ra tiu m . 

M ic ro c y s t i s  and A nabaena a l l  show s i g n i f i c a n t  c o r r e l a t i o n s  (p  > 0 .0 5 )  

betw een  th e  c o r e s  ( t a b l e  5 e ) .  T h e re fo re  a l th o u g h  c o n s id e ra b le  

q u a n t i t a t i v e  v a r i a t i o n  may o c c u r betw een c o re s  th e  v e r t i c a l  p r o f i l e s  

show l i t t l e  q u a l i t a t i v e  betw een  c o re  v a r i a t i o n .  The e s t im a te s  o f  th e  

mean a n n u a l r a t e  o f  sed im en t acc u m u la tio n  d e r iv e d  from  th e  th r e e  deep 

w a te r  c o r e s  a r e  th e r e f o r e  v e ry  s im i la r  w h i l s t  e s t im a te s  o f  a r e a l  

d e n s i ty  f o r  a  p a r t i c u l a r  a lg a  may show l a r g e  d i f f e r e n c e s .

The v a r i a t i o n  betw een th e  sh a llo w  w a te r  c o re s  i s  o f  a  s im i la r  

o rd e r  o f  m ag n itu d e  to  t h a t  found  betw een th e  deep  w a te r  c o re s  b u t 

depends on th e  s p e c ie s  c o n s id e re d  ( t a b l e  5 f . i ) .  I t  m ust be n o te d  

t h a t  c o re s  Y* and Z* w ere n o t  ta k e n  in  th e  same a r e a  o f  th e  m ere.

The sh a llo w  w a te r  c o re s  g e n e r a l ly  c o n ta in  few er rem a in s  th a n  

the p ro fu n d a l  c o r e s ,  th e  n o ta b le  e x c e p tio n  b e in g  A nabaena ( t a b l e  5 f . i l ) .

The p r o f i l e s  o f  c o re s  Y* and B* a re  a l s o  d i s s i m i l a r  s in c e  c o r r e l a t i o n  

c o e f f i c i e n t s  ( r g )  w ere n o t  s i g n i f i c a n t  f o r  th e  fo u r  m ajo r a lg a e  (tabZ e 

5 f . i i i ) .  The p r o f i l e s  o f  M ic ro c y s tis  and C e ra tiu m  a re  s im i l a r ,  in  

sh a p e , to  th o s e  found  in  th e  Cum brian la k e s  and i t  may be in f e r e d  th%t 

th e r e  i s  g r e a t e r  d eco m p o sitio n  in  s h a l lo w e r ,  o x y g en a ted , w a te r .  

E x p la n a tio n s  f o r  th e  v a r i a b i l i t y  o f  A nabaena a k in e te s  fo u n d  a t  d i f f e r e n t  

s i t e s  have been  p u t fo rw ard  a t  th e  b e g in n in g  o f  th e  d i s c u s s io n .  I t  i s  

p o s s ib le  t h a t  th e  s u r f a c e  bloom was blown t o  t h e  n o r th  end  o f  th e  l a l e  

and hence th e  a k in e te s  a r e  found  a t  s i t e  Z* r a t h e r  th a n  Y* o r  in  th e  

d e e p e r  a r e a s .
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Table 5e Between-core Rank Correlation Coefficients

a ) C era tiu m

C ores

AB

BC

AC

0 . 7 2 0

0 . 3 7 1

0 . 5 5 2

l e v e l  o f  s ig n i f i c a n c e

b ) M ic ro c y s tis

AB

BC

AC

0 . 6 3 9

0 . 4 1 4

0 . 6 2 3

* * *

* *

c )  A nabaena

AB

BC

AC

0 .7 2 0

0.588
0 . 7 1 1

***

4HH&

*  p  >  0 . 0 5

* *  p  > 0 . 0 1

* * *  p  >  0 . 0 0 1
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Table 5f Veœiability - shadlov water cores

i .  c u m u la tiv e  t o t a l s  (1 -1 0  cm)

a lg a C ore Y C ore Z Mean V a r ia t io n  
from  mean

C era tiu m 276 204 240 15 %
M ic ro c y s tis 356 38 197 81 %

A nabaena 28 530 279 90 %

S te p h a n o d isc u s 4742 4085 4414 7 %

i i .  com parison  o f  sh a llo w  and deep  w a te r  c o re s

a lg a sh a llo w  c o re s  
mean (O-IO cm) 

n  = 2

deep  c o re s  
mean (O-IO cm) 

n B 3

sh a llo w  j 
% o f  dee]

C era tiu m 240 893 27 X

M ic ro c y s tis 197 3023 7 X

A nabaena 297 42 707 X

S te p h a n o d isc u s 4414 24345 18 X

i i i .  c o r r e l a t i o n  c o e f f i c i e n t s ( r g )  c o re s  Y* and B* (0 -2 0  cm)

C era tiu m rg  = 0 .1 1 4  )

M ic ro c y s t is rg  = -0 .3 6 4  \ n o t s i g n i f i c a n t

A nabaena

S te p h a n o d isc u s

rg  = 0 .3 8 8  ) a t  5 

rg  = 0 .2 4 4  )

X l e v e l
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The d i f f e r e n c e  in  th e  number o f  S te p h a n o d isc u s  a s t r a e a  c e l l s  

betw een deep  and sh a llo w  w a te r  s i t e s  may be  a  p ro d u c t o f  w a te r  d e p th . 

D uring  s p r in g  th e  w a te rs  a r e  m ixed and i f  th e  p o p u la t io n  i s  e v e n ly  

d i s t r i b u t e d  th ro u g h o u t th e  la k e  th e n  fe w e r c e l l s  w i l l  sed im en t in  th e  

sh a llo w  a r e a .  As an a p p ro x im a tio n , th e  maximum number o f  c e l l s  re c o rd e d  

in  1973 was 110 ml  ̂ (R ey n o ld s , 1978) w hich  w ould r e s u l t  in  440 c e l l s /

5 p i  f r e s h  sed im en t in  8 m o f  w a te r  and 1650 c e l l s  in  30 m. T hese a re  

in  th e  same o rd e r  o f  m agn itude  a s  th e  c o n c e n t r a t io n s  found  in  th e  c o r e s ,  

w ith  th e  e x c e p tio n  o f  B*.

T h e re fo re  th e  deep w a te r  c o re s  show good r e p ro d u c ib le  s t r a t i ­

g raphy  b u t f o r  s p e c i f i c  a lg a e  th e  c a l c u l a t i o n  o f  a b s o lu te  d e p o s i t io n  

r a t e s  shows w ide v a r i a t i o n .  The l a r g e  amount o f  v a r i a b i l i t y  found  

betw een th e  th r e e  c o re s  i s  p a r t l y  due to  p ro c e d u ra l  e r r o r s  and p a r t l y  

to  a r e a l  v a r i a t i o n  on th e  la k e  b ed . The number o f  a lg a e  s e t t l i n g  on 

to  th e  se d im e n ts  may be c o n t r o l l e d  by th e  p la n k to n  p o p u la tio n  above 

and ’ p a tc h in e s s *  r e s u l t i n g  in  v a r i a t i o n s  betw een  areeis on th e  la k e  

b ed . Sm all s c a le  to p o g rap h y  o f  th e  s e d im e n ts  may c o n c e n tr a te  th e  

rem a in s  in t o  h o llo w s . E esu sp e n s io n  o f  l i t t o r a l  m a te r ia l  and sub ­

se q u e n t d e p o s i t io n  in t o  th e  p ro fu n d a l zo n es  w ould  le a d  to  a  c o n c e n tr a t io n  

o f  rem ain s  in  th e  deep w a te r  c o r e s .  T h is  p ro c e s s  w ould be m ost e f f e c ­

t i v e  a t  o v e r tu rn  when co m p le te  m ix ing  o c c u r s .  S e s to n  tr a p p in g  in  

R o s th e rn e  Mere in d i c a te d  t h a t  few  ’ o u t o f  s e a s o n ’ a lg a e  sed im en ted  and 

i t  was i n f e r r e d  t h a t  l i t t l e  m a te r ia l  was re su sp e n d e d  from  th e  l i t t o r a l  

zones ( s e e  c h a p te r  7 ) .

The sh a llo w  w a te r  c o re s  d id  n o t  d i s p la y  a  r e p ro d u c ib le  s t r a t i ­

g raphy  o f  n o n -d ia to m ac eo u s  re m a in s , com pared w ith  each  o th e r  o r  w ith  

th e  d e e p -w a te r  s i t e s .  The d i s t i n c t i v e  1973 S te p h a n o d isc u s  l a y e r  w as, 

t o  some e x t e n t ,  fo u n d  in  th e  sh a llo w  w a te r  c o r e s  and a t  a  s im i l a r  d e p th



161

t o  th e  deep w a te r  c o r e s .  The in d i c a t i o n  t h a t  th e  r a t e  o f  sed im en t 

a c c ru a l  a t  b o th  8 ra and 30 m w a te r  d e p th  i s  s im i la r  was t e s t e d  by 

s e s to n  t r a p p in g  ( s e e  c h a p te r  7 ) .  The fe w e r M ic ro c y s tis  c o lo n ie s  in  

sh a llo w  w a te r  w ould , how ever, r e s u l t  in  a  s m a l le r  annual in c re m e n t.

B etw een -co re  v a r i a t i o n  h as  a l s o  b een  r e p o r te d  by P en n in g to n  e t  a l . 

(1976) who fo u n d  a  la c k  o f  hom ogeneity  w ith  r e s p e c t  to  C s-137 concen­

t r a t i o n s  a t  d i f f e r e n t  s i t e s  i n  B lelham  T a rn , le a d in g  to  d i f f e r e n c e s  in  

e s t im a te d  a c c u m u la tio n  r a t e s  o f  up to  100%. G oulder (1972a) found  

• c o n s id e ra b le  v a r ia t io n *  betw een c o re s  ta k e n  from  th e  same a r e a  o f  

P r i e s t  P o t when s tu d ie d  f o r  c i l i a t e s  and Scenedesm us c e l l s .

f .  A lg a l a s s o c ia t io n s

The r e s u l t s  o f  c o r r e l a t i o n s  c a r r i e d  o u t on c o re  d a t a  m ust be 

i n t e r p r e t e d  w ith  some c a u t io n .  F o r exam ple th e  c o lo n ie s  o f  M ic ro c y s tis  

a r e  so  b u lk y  t h a t  th e  chance o f  f in d in g  o th e r  a lg a l  rem a in s  in  a 

M ic r o c y s t i s - dom inated  s e c t io n  i s  re d u c e d . Each 1 cm th i c k  s e c t io n  

does n o t  r e p r e s e n t  a  s im i la r  tim e  sp an  and hence annual e v e n ts  can n o t 

be com pared.

The p r o f i l e s  o f  C era tiu m  and M ic r o c y s t i s , in  th e  deep  w a te r  

c o re s  a re  r e c i p r o c a l .  The Spearman ra n k  c o r r e l a t i o n  c o e f f i c i e n t  

betw een th e  two a lg a e  a r e  rg  = - 0 .6 2 1 ,  r ^  = -0 .6 1 3  and rg  = -0 .7 1 9 ,  

f o r  c o re s  A*, B* and C* r e s p e c t iv e l y  ( s e c t i o n s  0 -3 0  cm ), a l l  o f  w hich 

a re  s i g n i f i c a n t  (P  > 0.01 ) .  From t h i s  i t  can  o n ly  be s a id  t h a t  th e  

a lg a e  a re  r a r e l y  p r e s e n t  to g e th e r  in  th e  c o r e .  R eynolds (1978) 

i l l u s t r a t e d  th e  c o m p e ti t iv e  i n t e r a c t i o n  betw een M ic ro c y s t is  and C era tiu m  

f o r  seven  y e a r s  p la n k to n  d a t a  from  R o s th e rn e  M ere. A lthough  th e  

c o r r e l a t i o n  c o e f f i c i e n t  ( r  = -0 .6 0 2 )  was n o t  s i g n i f i c a n t  (P  > 0 .0 5 )  th e y  

w ere to  some e x te n t  r e c i p r o c a l .  In  th e  y e a r s  s tu d ie d  by R eynolds
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th e r e  v a s  one y e a r  o f  co-dom inance and one w here n e i th e r  f lo u r i s h e d .

The c o re s  t e n t a t i v e l y  s u p p o r t th e  id e a  p u t fo rw a rd  by R eynolds (1978) 

t h a t  C e ra tiu m  msy su ccee d  i f  th e  e a r l i e r  and p o t e n t i a l l y  more r a p id  

g row th  o f  M ic ro c y s t i s  i s  i n h i b i t e d  f o r  any r e a s o n .

I t  h as  a l r e a d y  been  d is c u s s e d  t h a t  A nabaena spp do n o t  r e f l e c t  

th e  p la n k to n  d a t a .  The m a jo r i ty  o f  th e  s p o re s  o c c u r below  th e  

M ic ro c y s tis  l a y e r s  and hence th e r e  i s  a  s i g n i f i c a n t  n e g a t iv e  c o r r e l a t i o n  

( rg  = - .5 3 2  P ^  0 .0 0 1 , c o re  A *). W ithou t th e  know ledge o f  th e  

p la n k to n  d a t a  (T a b le  5a) w hich  shows A nabaena common in  r e c e n t  y e a rs  

th e r e  i s  a  d a n g e r o f  m i s in te r p r e t in g  th e  c o r r e l a t i o n .

The c o r r e l a t i o n  c o e f f i c i e n t  betw een M ic ro c y s t i s  and th e  t o t a l  

d ia to m s p e r  s e c t io n  i s  a l s o  s i g n i f i c a n t  ( r g  = -0 .6 7 3  P > 0 .0 0 1 ) .

T h is  may r e f l e c t  th e  d i l u t i o n  e f f e c t  t h a t  th e  b lu e -g re e n  c o lo n ie s  have 

by in c r e a s in g  th e  an n u a l in c re m en t o f  d e p o s i t io n .  However th e  s p r in g  

c o n d i t io n s ,  r e f l e c t e d  by th e  d ia to m s , may have some b e a r in g  on th e  

summer p h y to p la n k to n . The d ia to m s from  th e  deep  w a te r  c o re s  a r e  o v e r­

w helm ingly  p la n k to n ic  ( t y p i c a l l y  > 90%) and hence th e  t o t a l  may be 

c o n s id e re d  a s  th e  p la n k to n ic  com ponent. Box (1977 ) s tu d ie d  th e  grow th  

o f  M ic r o c y s t i s , in  B lelham  T a m , and s u g g e s te d  t h a t  th e  s p r in g  a lg a l  

maximum, p o s s ib ly  t h a t  o f  th e  d ia to m s , a l t e r s  th e  w a te r  so  i t  becomes 

more fa v o u ra b le  t o  th e  b lu e -g re e n  a lg a .  The R o s th e rn e  c o r e s  su g g e s t 

a  r e v e r s e  r e l a t i o n s h i p ,  in d i c a t in g  t h a t  l a r g e  s p r in g  d ia to m  p o p u la tio n s  

and sm a ll M ic ro c y s t is  p o p u la tio n s  may be r e l a t e d .

The c a u se s  o f  th e s e  a s s o c ia t io n s ,  i f  n o t  j u s t  a  p ro d u c t o f  

s e d im e n ta t io n , a r e  o b v io u s ly  n o t  s u p p lie d  by th e  se d im e n t c o r e s .

F u r th e r  r e s e a r c h  i s  n e c e s s a ry  on th e  l i v in g  p o p u la t io n s  w h ile  th e  

p h y s ic a l  and ch em ica l en v iro n m en t i s  m o n ito re d .
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THE VIABILITY OF BLUE-GREEN AKINETES 

FROM THE SEDIMENTS OF ROSTHERNE MERE
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CHAPTER SIX: THE VIABILITY OF BLUE-GREEN AKINETES

FROM THE SEDIMENTS OF ROSTHERNE MERE

1• INTRODUCTION

A k in e te s  o f  A nabaena and Aphanizomenon w ith  c o n te n ts  s im i la r  in  

ap p ea ran ce  to  th o s e  o f  l i v e  specim ens w ere found  below  th e  s u r f a c e  

l a y e r s  in  sed im en t c o re s  ta k e n  from  R o s th e rn e  M ere. Sam ples w ere 

ta k e n  from  v a r io u s  l e v e l s  in  a  d a te d  c o re  and p la c e d  in  c u l t u r e  m edia 

in  o rd e r  t o  d e te rm in e  w h eth er th e y  w ere v ia b le .

T h ere  a r e  few  re c o rd e d  in s ta n c e s  o f  t h i s  ty p e  o f  c u l t u r e  w ork, 

e s p e c i a l l y  on a k in e te s  o f  b lu e -g re e n  a lg a e .  The p o s s i b i l i t y  o f  th e  

b e n th o s  d i s tu r b in g  th e  sed im en t s t r a t ig r a p h y  ( • b io tu r b a t io n * ) th e re b y  

m ix ing  r e s t i n g  s p o re s  and l i v e  a lg a e  in t o  o ld e r  m a te r ia l  c a n n o t be 

ex c lu d ed  in  many s i t e s .  However th e  d e e p e r areais o f  R o s th e rn e  Mere 

a re  d ev o id  o f  b e n th o s  (B r in k h u rs t  & V a lsh , 196?) and th e  sed im en ts  a r e  

d i s c r e t e l y  o rd e re d .  T h e re fo re  i t  i s  h ig h ly  l i k e l y  t h a t  th e  age o f  an 

a k in e te  i s  th e  same as  t h a t  o f  th e  sed im en t h o r iz o n  in  w hich i t  i s  

embedded.

2 . METHODS

A ll  g la s sw a re  (200 x 20 ml p y rex  tu b e s  and 5 x 100 ml f l a s k s )  

was w ashed in  a  s tro n g  s o lu t io n  o f  t r i b a i s ic  sodium  p h o sp h a te  (NagPO^), 

r in s e d  fo u r  t im e s  w ith  ta p  w a te r  and tw ic e  w ith  d i s t i l l e d  w a te r .  The 

tu b e s  and s i l i c o n e  sponge p lu g s  (H akuto I n t e r n a t io n a l  (U .K .) L td . )  

w ere h e a te d  a t  110°C f o r  30 m in u te s .



165

Two e x p e rim e n ts  w ere p e rfo rm ed , u s in g  m a te r ia l  from  th e  deep 

w a te r  c o re  A*. Sedim ent volume was m easured  by a  g ra d u a te d  s y r in g e  

in  th e  f i r s t  ex p e rim e n t and by E ppendorf p i p e t t e s  f o r  th e  seco n d . In  

e x p e rim en t I  m a te r ia l  was ta k e n  from  sev en  s e c t io n s  o f  th e  c o re  (1 -2  cm, 

4-»5 cm, 12-13 cm, 19 -20  cm, 22-23 cm, 26-27  cm, 69 -70  cm) and te n  

r e p l i c a t e s ,  e ach  c o n ta in in g  100 p i ,  w ere in c u b a te d  a lo n g  w ith  te n  

c o n t r o l s .  10 ml o f  A .S.M . I  c u l tu r e  m edia (Gorham e t  a l . , 1964) 

c o n ta in in g  a  sm a ll amount o f  a c t id io n e  ( a  e u k a ry o te  i n h i b i t o r  -  S ie g e l 

& S i s l e r ,  1964) was added to  each  tu b e .  Tubes c o n ta in in g  th e  m edia 

a lo n e  w ere u se d  as  c o n t r o l s .  The seco n d  e x p e rim en t vas i d e n t i c a l  to  

th e  f i r s t  e x c e p t t h a t  a  ra n g e  o f  sed im en t volum es was ta k e n  from  each  

s e c t io n .  Two tu b e s ,  each  c o n ta in in g  10 p i ,  50 p i ,  100 p i ,  500 p i  o r  

1000 p i ,  w ere in c u b a te d  from  each  s e c t i o n .  As w ith  th e  f i r s t  ex p erim en t 

seven  s e c t io n s  w ere in v e s t ig a t e d ,  th e  u p p e r s i x  from  ex p erim en t I  p lu s  

s e c t io n  29-30  cm. Four f la isk s  each  c o n ta in in g  c i r c a  3 ml o f  m a te r ia l  

from  39-40  cm, 59 -60  cm, o r  69 -70  cm and 50 ml o f  m edia w ere in c u b a te d  

w ith  ex p erim en t I I .

The tu b e s ,  in c lu d in g  th e  c o n t r o l s ,  w ere in c u b a te d  a t  18®C and 

i l lu m in a te d  c o n t in u o u s ly  from  below  by 4 x 40 W d a y l ig h t  lam ps, g iv in g  

a  t o t a l  o f  3200 lu x .  They w ere exam ined, u s in g  a  hand l e n s ,  o r  by ey e , 

ev e ry  second  d a y . A liq u o ts  w ere ta k e n  from  th e  tu b e s  f o r  i d e n t i f i c a t i o n  

under a  h igh -pow er m icro sco p e  when new g row th  was o b se rv e d  and a t  th e  

end o f  th e  e x p e r im e n ts . Subsam pling was c a r r i e d  o u t a s e p t i c a l l y  o v e r 

a  bunsen f la m e .

E xperim en t I  was co n c lu d ed  a f t e r  25 days and ex p erim en t I I  a f t e r  

45 d ay s , a l th o u g h  th e  tu b e s  w ere moved to  a  n o r th - f a c in g  window f o r  a  

f u r t h e r  21 d a y s .
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3. RESULTS

The r e s u l t s  o f  ex p e rim en ts  I  and I I  a r e  g iv e n  in  f i g u r e s  6 .1  

and 6 .2 .  An a lg a  was c o n s id e re d  on a  p re s e n c e  o r  ab sen ce  b s is is  and 

no q u a n t i t a t i v e  e s t im a te  was a tte m p te d .

V e g e ta t iv e  f i l a m e n ts  o f  A nabaena f lo s - a q u a e , A nabaena s p i r o id e s  

and A phanizom enon f lo s - a q u a e  p lu s  th e  c o lo n ia l  M ic ro c y s tis  a e ru g in o s a  

w ere o b se rv e d  in  th e  c u l t u r e s .  A nabaena s p i r o id e s  o n ly  g e rm in a te d  and 

grew i n  m a te r i a l  from  th e  26-27  cm. S e c t io n s  1 -2  cm, 22-23  cm, 26-27 cm 

and 2 9 -3 0  cm a l s o  c o n ta in e d  a  n o n -g as  v a c u o la te  b lu e -g re e n  A phanothece s p . 

I t  i s  n o t  known w h eth er th e  a lg a  su rv iv e d  in  th e  sed im e n ts  a s  c o lo n ie s  

o r  a s  s i n g l e  c e l l s .  M o rp h o lo g ic a lly  r e c o g n is a b le  c e l l s  w hich  m igh t 

a c t  a s  r e s t i n g  s p o re s  a re  unknown in  t h i s  g e n u s .

4 .  DISCUSSION

The v i a b i l i t y  o f  a k in e te s  from  s p e c ie s  o f  A nabaena and A phani­

zomenon h a s  been  shown to  be lo n g  te rm . The d e e p e s t  s e c t i o n  c o n ta in in g  

v ia b le  A nabaena a k in e te s ,  w hich c o u ld  be c u l tu r e d ,  was 39-40  cm and 26-27 

cm f o r  A phanizom enon. The sed im en t a t  th e s e  d e p th s  i s  a p p ro x im a te ly  

69 and 28 y e a r s  o ld  (1908 and 1949) r e s p e c t iv e l y .  G e rm in a tio n , and 

su b se q u en t g ro w th , was n o t  found  a t  e v e ry  d e p th  sam pled  and was m ost 

p r o l i f i c  a t  th e  s u r f a c e  and in  s e c t io n s  c o n ta in in g  th e  h ig h e s t  concen­

t r a t i o n  o f  a k in e te s  (b o th  w ith  and w ith o u t c o n t e n t s ) ,  f i g u r e  6 .3 .

S e c t io n s  4 -5  cm and 19-20  cm c o n ta in e d  few er v ia b le  a k in e te s  w hich  to o k  

lo n g e r  to  p ro d u ce  a  • p la n k to n ic *  p o p u la t io n .

R eyno lds (1978) re c o rd e d  fo u r  s p e c ie s  o f  A nabaena in  R o s th e rn e  

H ere , A nabaena c i r c i n a l i s ,  A nabaena s o l i t a r i a  I l e b .  f  • p la n k to n ic a
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(B ru n n th .)  Komarek, Anabaena s p i r o id e s  and Anabaena f lo s - a q u a e  b u t o n ly  

th e  l a t t e r  two w ere o b se rv ed  in  th e  c u l t u r e s .  B oth  Anabaena and 

Aphanizomenon have been a  f e a t u r e  o f  th e  p h y to p la n k to n  s in c e  th e  b eg in n in g  

o f  th e  c e n tu ry  ( c f .  T ab le  5 a ) .

In  b o th  e x p e rim en ts  9 days was th e  minimum p e r io d  to  la p s e  

b e fo re  n o t i c a b le  pseudo-vacuo la te  p o p u la t io n s  a p p e a re d , a l th o u g h  f o r  

some s e c t io n s  i t  was lo n g e r .  In  some tu b e s  g row th  was r a p id ,  and 

d en se  p o p u la t io n s  form ed; t h i s  was som etim es fo llo w e d  by an e q u a l ly  

r a p id  d e a th  o f  th e  a lg a .  S p o ru la t io n  was o b se rv ed  in  some o f  th e  more 

d en se  c u l t u r e s ,  p a r t i c u l a r l y  in  th e  o ld e r  o n e s . The Anabaena s p i r o id e s  

was i s o l a t e d  by G. Ja w o rsk i and i s  now m a in ta in e d  in  th e  F .B .A . c u l tu r e  

c o l l e c t i o n  (c lo n e  n o . L 301).

R ecords o f  a lg a e  c u l tu r e d  from  sed im en t m a te r ia l  a r e  s c a r c e .

Nipkow ( 1927) found  v ia b le  C era tiu m  h i r u n d i n e l l a  c y s t s  from  5-6  y e a r  

o ld  v a rv e s  in  Lake Z u r ic h . Nipkow (1950) a l s o  c u l tu r e d  th e  d ia tom s 

M e lo s ira  i s l a n d ic a  0 .  M u ll. v a r .  h e l v e t i c a  0 .  M u ll, and S te p h a n o d isc u s  

h a n tz s c h i i  from  5 and 10 y e a r  o ld  m a t e r i a l .  Lund (1954) re c o rd e d  l i v e  

c e l l s  o f  M e lo s ira  i t a l i c a  v a r  s u b a r c t i c a  a t  3 -5  cm below  th e  s u r f a c e  

i n  c o re s  ta k e n  from  E s th w a ite  and B le lham . However he d is c u s s e d  th e  

p o s s i b i l i t y  o f  d is tu rb a n c e  o f  th e  s u r f a c e  l a y e r s  by th e  b e n th ic  fa u n a  

(* b io tu r b a t io n * ) .  T h is  them e was expanded by S to c k n e r  & Lund (1970)

who re c o rd e d  in v e r t e b r a t e s  down to  65 cm. I t  i s  t y p i c a l l y  o n ly  th e  

to p  c i r c a  3 cm o f  th e  muds t h a t  c o n ta in  s u f f i c i e n t  b e n th o s  to  d i s tu r b  

th e  s t r a t i g r a p h y  to  a  s i g n i f i c a n t  d e g re e  ( c f .  S to c k n e r  & Lund, 1 9 7 0 ).

L iv e  a lg a e  w ere found  by S to c k n e r  & Lund down to  35 cm a lth o u g h  th e  

m a jo r i ty  w ere c u l tu r e d  from  th e  u p p e r s t r a t a .  They re c o rd e d  m ain ly  

s p e c ie s  o f  d ia to m s and m ost o f  th e  p la n k to n ic  a lg a e  o f  th e  la k e s  w ere 

n o t  found a l i v e .  R o s th e rn e  H ere , u n l ik e  B lelham  T a m , h as  a  la c k  o f  

b en th o s  in  th e  d e e p e s t w a te rs  (B r in k h u rs t  & V a ls h , 1967) and so
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b io tu r b a t io n  i s  u n l ik e ly  to  be r e s p o n s ib le  f o r  th e  m ixing  o f  a k in e te s  

down th e  c o r e .  The f i n e  b io s t r a t ig r a p h y  and c a l c i t e  band ing  o f  th e  

c o re  a l s o  p re c lu d e s  any p h y s ic a l  d is tu r b a n c e .

In  2i i r  d r ie d  s o i l ,  l i v e  a lg a e  have been fo u n d  a f t e r  many y e a r s  

( s e e  Lund, 1 9 6 7 ). S p e c ie s  o f  C yanophyceae, in  p a r t i c u l a r ,  a r e  a b le  to  

w ith s ta n d  r a p id  changes from  v e ry  w et to  v e ry  d ry  c o n d i t io n s .  In  a r id  

a r e a s ,  w here s o i l  a lg a e  depend on s h o r t ,  w et p e r io d s ,  p ro lo n g ed  

s a t u r a t i o n  p e rm its  new com m unities to  a p p ea r i f  th e  s o i l  d oes  n o t  become 

a n a e ro b ic  (Lund, 1 9 6 7 ). D iatom s a re  n o t  v e ry  r e s i s t a n t  t o  d e s ic c a t io n  

b u t N i tz s c h ia  p a le a  can  rem ain  a l i v e  in  d ry  s o i l  f o r  70-98 y e a r s  

( B r i s t o l ,  1919; B e c q u e re l, 1 9 4 2 ), a l th o u g h  th e  c e l l s  may d ie  when 

d r ie d  in  a i r .  T h e re fo re  i t  a p p e a rs  t h a t  a n a e ro b ic  la k e  se d im e n ts  and 

a e ro b ic  d ry  s o i l  may m a in ta in  v ie ib le  a lg a l  c e l l s  o r  r e s t i n g  s p o re s  b u t 

a lg a e  do n o t  s u rv iv e  in  a n a e ro b ic  w et s o i l .  I t  rem a in s  t o  be  f u l l y  

i n v e s t ig a t e d  i f  a lg a e  can  s u rv iv e  f o r  lo n g  p e r io d s  in  a e ro b ic  la k e  muds.

The t r a d i t i o n a l  v iew  on th e  f u n c t io n  o f  b lu e -g re e n  a k in e te s  hats 

been  t h a t  th e y  p ro v id e  an o v e rw in te r in g  m echanism  and a  s o u rc e  o f  

inoculum  f o r  th e  summer p o p u la t io n .  Rose (1934) and V ildm an, L o esch e r 

& W inger (1975) re c o rd e d  t h a t  a k in e te s  o f  Aphanizomenon o v e rw in te re d  on 

th e  mud s u r f a c e .  However R o th e r & Fay (1977) s tu d ie d  s p o r u la t io n  o f  

A nabaena and Aphani zomenon in  two S h ro p sh ire  M eres and co n c lu d ed  t h a t  

th e  b u lk  o f  th e  a k in e te s  p roduced  g e rm in a te  s h o r t l y  a f t e r  s p o r u la t io n  

and th e  a lg a e  o v e rw in te r  as  v e g e ta t iv e  f i l a m e n ts  in  th e  p la n k to n .

R o th e r & Fay found  th e r e  was a  c o n s id e ra b le  and r a p id  in p u t  o f  a k in e te s  

to  th e  s u r f a c e  mud l a y e r s  d u r in g  th e  p e r io d  im m ed ia te ly  a f t e r  a  bloom 

b u t t h i s  WEIS fo llo w e d  by an e q u a l ly  r a p id  d e c l in e .  They c o n s id e re d  

t h i s  in d i c a te d  r a p id  g e rm in a tio n  and up t o  60% o f  th e  Eücinetes exam ined 

from  p la n k to n  c o l l e c t i o n s  w ere em pty, a lth o u g h  few  in s ta n c e s  o f  g e rm in a tio n
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w ere o b s e rv e d . A sm a ll o v e rw in te r in g  v e g e ta t iv e  p o p u la tio n  was p re s e n t  

in  th e  p la n k to n  from  b o th  m ere s .

R eyno lds (1971) fo u n d  a k in e te s  o f  A nabaena in  th e  s u p e r f i c i a l  

sed im e n ts  o f  C ro se  Mere d u r in g  w in te r .  R eynolds o b se rv ed  t h a t  th e s e  

w ere l i f t e d  o f f  th e  ladce bed  d u r in g  tu r b u le n t  c o n d i t io n s  and g e rm in a tio n  

was a p p a r e n t ly  t r i g g e r e d  by e x te r n a l  c o n d i t io n s  w h i l s t  th e y  w ere in  

s u s p e n s io n . However in  1973 R eynolds (1975) o b se rv e d  a d i f f e r e n t  

s i t u a t i o n :

"Mass g e rm in a tio n  o f  o v e r w in te r in g  s p o re s  w i th in  

th e  open w a te r  c i r c u l a t i o n  o f  th e  la k e  e v id e n t  in  

e a r l i e r  s e a so n s  c o n t r ib u te d  l i t t l e  to  th e  1973 

maximum w hich a p p a re n t ly  o r ig in a te d  from  a  sm a ll 

v e g e t a t i v e  s to c k  w hich had s u rv iv e d  from  th e  

p re v io u s  au tum n."

Jo n e s  (1979 ) s t a t e s  t h a t  th e  g row th  o f  Aphanizomenon in  Lough Neagh 

was d e r iv e d  frcmi v e g e t a t i v e  f i l a m e n ts  r a t h e r  th a n  from  g e rm in a tio n  o f  

a k in e te s .

R o th e r  & Fay (1977) s e e  th e  f u n c t io n  o f  a k in e te s  in  te rm s  o f  

th e  s u r v iv a l  o f  a l g a l  p o p u la t io n s  d u rin g  p e r io d s  o f  e n v iro n m e n ta l s t r e s s  

( e .g .  s u r f a c e  b loom s) r a t h e r  th a n  p rom oting  s u r v iv a l  o v e r w in te r  (b u t  

se e  R o th e r  & F ay , 1 9 7 9 ). Aphanizomenon and A nabaena do n o t  p roduce  

a k in e te s  e a c h  y e a r ,  u n l ik e  g e n e ra  such  a s  D inobryon and C e ra tiu m  w hich 

produce s p o re s  a n n u a l ly  and ap p ea r to  be e s s e n t i a l  f o r  t h e i r  c o n tin u e d  

e x is te n c e  (L und, 1 9 6 5 ). Thus th e  r o l e  o f  b lu e -g re e n  a k in e te s  i s  un­

c e r t a i n  and may d i f f e r  u n d er p a r t i c u l a r  en v iro n m e n ta l c o n d i t io n s .

However t h i s  s tu d y  has shown t h a t  a k in e te s  o f  b o th  A nabaena and 

Aphanizomenon a r e  n o t  j u s t  s h o r t - l i v e d ,  o r  in d e e d  s o le l y  an o v e rw in te r in g  

mechanism , b u t  may a l s o  e n s u re  th e  lo n g  te rm  s u r v iv a l  o f  th e  a lg a  in  a  

p a r t i c u l a r  l a k e .
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The s u r v iv a l  o f  a lc in e te s  in  th e  deep se d im e n ts  o f  R o s th e rn e  

Mere may in d i c a t e  t h a t  g e rm in a tio n  i s  r e ta r d e d  by th e  en v iro n m en ta l 

c o n d i t io n s  t h e r e i n .  The deep w a te r  muds a r e  c o n t in u o u s ly  d eo x y g en a ted , 

a re  u n d e r 2 a tm o sp h eres  o f  p r e s s u r e  w ith  low i l lu m in a t io n  and in  non- 

tu r b u le n t  f lo w . Rose (1934) found  t h a t  l i g h t  was n o t  e s s e n t i a l  f o r  

th e  g e rm in a tio n  o f  Aphanizomenon a k in e te s  b u t th e  w a te r  te m p e ra tu re  had 

to  be g r e a t e r  th a n  7°C. R eynolds (1971) n o te d  t h a t  A nabaena c i r c i n a l i s  

ap p ea red  in  C ro se  Mere when th e  s u r f a c e  te m p e ra tu re  was g r e a t e r  th a n  

6°C and Aphanizom enon f lo s - a q u a e  a t  9 to  11°C. R eynolds a l s o  to o k  mud 

sam p les , c o n ta in in g  a k in e te s ,  from  C rose  Mere in  March and b o t t l e d  

them , a llo w ed  th e  mud to  d eoxygena te  and k e p t them  in  th e  d a rk  a t  15^0. 

No g e rm in a tio n  was o b se rv e d . A s im i la r  ex p e rim e n t perfo rm ed  w ith  

C era tiu m  h i r u n d i n e l l a  c y s t s  in  t h i s  s tu d y  (C h a p te r  7) had th e  same . 

r e s u l t  b u t a  b u i ld -u p  o f  a  to x ic  s u b s ta n c e  was h y p o th e s is e d .  I f  

r e s u s p e n s io n  i s  a  n e c e s s a ry  c r i t e r i o n  f o r  g e rm in a tio n  ( c f .  R ey no lds,

1972. ) i t  i s  u n l i k e ly  t h a t  a k in e te s  w i l l  be l i f t e d  from  th e  d e e p e r 

a re a s  o f  R o s th e rn e  M ere. However th e  l i t t o r a l  a r e a  o f  th e  m ere i s  

r e l a t i v e l y  s m a ll and a k in e te s ,  w ith  i n t r a c e l l u l a r  d e p o s i t s ,  w ere f a i r l y  

num erous in  th e  c o re s  ta k e n  from  8 m o f  w a te r .  The tu b e s  w ere n o t  

c o n t in u a l ly  a g i t a t e d  and l i t t l e  m a te r ia l  vas k e p t in  s u sp e n s io n , b u t 

g e rm in a tio n  s t i l l  o c c u r re d . I t  i s  n o t  p o s s ib le  to  ju d g e  w h e th e r th e  

a k in e te s  f a i l e d  to  g e rm in a te  in  th e  sed im en ts  b e c a u se  o f  i n s u f f i c i e n t  

l i g h t ,  low  te m p e ra tu re s ,  b u i ld  up o f  to x ic  s u b s ta n c e s  a s s o c ia t e d  w ith  

th e  c o n tin u o u s  d e o x y g e n a tio n , la c k  o f  r e s u s p e n s io n  o r  f o r  o th e r  r e a s o n s ,  

and t h i s  a s p e c t  r e q u i r e s  f u r t h e r  r e s e a r c h .

I t  a p p e a rs ,  from  t h i s  s tu d y , t h a t  th e  f u n c t io n  o f  th e  a k in e te s  

o f  A nabaena and Aphanizomenon i s  n o t  l im i t e d  t o  a  s in g l e  s t r a t e g y .

They do n o t  r e q u i r e  a  m a tu ra tio n  p e r io d  ( c f .  C e ra tiu m  -  C h a p te r  7)
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and so  may be a  v e ry  s h o r t - te rm  s a fe g u a rd  ( c f .  R o th e r & Fay, 19 7 7 ). 

However th e y  rem a in  v ia b le  f o r  lo n g e r  p e r io d s  o f  tim e  and may be an 

o v e rw in te r in g  mechanism o r  e n su re  lo n g e r  te rm  s u r v iv a l .  A lthough  th e  

a k in e te s  w i l l  be b u r ie d  by su b se q u en t sed im en t a c c u m u la tio n  in to  a 

deoxy g en a ted  env iro n m en t th e y  may be u n co v ered  by e v e n ts  such  as  

slum ping o r  th e  d is tu rb a n c e  c r e a te d  by s a y , an e e l  o r  f i s h .  T h e re fo re  

th e  s u r v iv a l  o f  s p o r u la t in g  b lu e -g re e n  a lg a e  i s  n o t  d ep en d en t on 

fa v o u ra b le  g row th  c o n d i t io n s  eac h  y e a r .



CHAPTER SEVEN

THE INCORPORATION OF ALGAE INTO THE SEDIMENTS

A ESTHWAITE WATER

B ROSTHERNE MERE

175



176

CHAPTER SEVEN: THE INCORPORATION OF ALGAE INTO THE SEDIMENTS

INTRODUCTION

The s u p e r f i c i a l  se d im e n ts  and s e s to n  have been exam ined in  

o rd e r  to  g a in  some i n s i g h t  i n to  th e  in c o rp o r a t io n  o f  a lg a l  rem ain s  

in to  more s t a b l e  s e d im e n t. Two ap p ro ach es  have been  u se d ; f i r s t l y  th e  

r e g u la r  a n a ly s i s  o f  s u r f a c e  m a te r ia l  and seco n d ly  th e  t r a p p in g  o f  

sed im en tin g  s e s to n  in  deep w a te r .

In  E s th w a ite  W ater th e  f a t e  o f  th e  annual la y e r  o f  c y s t s  from  

th e  dom inant summer a lg a ,  C era tiu m  h i r u n d i n e l l a , has been fo llo w e d  and 

th e  e f f e c t  o f  c y s t  g e rm in a tio n  a s s e s s e d .  The r e l a t i o n s h i p  betw een th e  

c y s t  d e n s i ty  in  th e  s e d im e n ts , and th e  s ta n d in g  c ro p  was a ls o  exam ined 

s in c e  th e r e  ap p ea red  to  be a  c o r r e l a t i o n  betw een th e  c y s t  rem ain s  and 

th e  p h y to p la n k to n  r e c o rd  i n  th e  sed im en ts  o f  R o s th e rn e  Mere ( s e e  C h a p te r

5 ) .

S easo n a l ch anges in  th e  c o m p o sitio n  o f  a lg a l  rem a in s  in  e n tra p p e d  

s e s to n  from  R o s th e rn e  Mere w ere com pared w ith  q u a l i t a t i v e  and q u a n t i t a ­

t i v e  changes in  th e  c o m p o s itio n  o f  th e  p h y to p la n k to n , and in  th e  a l g a l  

m a te r ia l  a t  th e  sed im en t s u r f a c e .
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A, ESTHWAITE WATER

1 . INTRODUCTION

a . C y s t fo rm a tio n

The c y s t s  o f  C e ra tiu m  h i r u n d i n e l l a  a re  composed m a in ly  o f  

c e l l u l o s e  ( s e e  W all & E v i t t ,  1975) and a re  s im i la r  to  th e  g e n e ra l  shape 

o f  th e  c e l l ,  b u t w ith  s h o r t e r  and s to u t e r  h o rn s . The fo rm a tio n  o f  th e  

c y s t  ta k e s  p la c e  w i th in  th e  c e l l .  The c y s t  w a ll fo rm s aro u n d  th e  

i n t r a c e l l u l a r  c o n te n ts  w hich  Eire w ithdraw n from  th e  a p ic a l  h o rn s  and 

c e l l  w cd l. The c e l l  f ra g m e n ts , and th e  c y s t  f a l l s  to  th e  mud s u r f a c e .

In  E s th w a ite  W ater th e  c y s t s  o f  C era tiu m  a r e  u s u a l ly  form ed in  

th e  autum n, t y p i c a l l y  a t  th e  b eg in n in g  o f  O ctober (H eaney, 1 9 7 6 ). I t  

i s  n o t  known w hat p ro p o r t io n  o f  th e  p la n k to n ic  p o p u la t io n  e n c y s ts .

Huber & Nipkow (1922) fo u n d  th a t  C era tiu m  c y s t s  from  Lake Z u r ic h  

r e q u i r e d  a  r e s t i n g  p e r io d  b e fo re  b e in g  a b le  to  g e rm in a te . They a l s o  

o b se rv ed  t h a t  th e  c y s t s  w ere u n a b le  to  r e s i s t  p r o t r a c te d  f r o s t  o r  

d ro u g h t b u t w ere u n a f f e c te d  by an o x ia  and p r e s s u re s  o f  up to  10 

a tm o sp h e re s . The h y d r o s ta t i c  p r e s s u re  in  E s th w a ite ,  a t  th e  d e e p e s t 

p o in t ,  i s  o n ly  2 a tm o sp h eres  and th e  s u r f a c e  sed im en ts  a r e  an o x ic  from  

about Ju n e  to  O ctober i n c lu s iv e .

b . C yst g e rm in a tio n

On g e rm in a tio n  th e  c y s t  w a ll s p l i t s  and a  gym nod in ium -like  

c e l l  em erg es . S ubsequen t developm ent in v o lv e s  a  g ra d u a l change from  

t h i s  "gym noceratium ” (H uber & Nipkow, 1922) th ro u g h  a  s ta g e  w here th e  

c e l l  sh ap e  (w ith o u t h o rn s )  i s  form ed , th e  " p re c e ra tiu m "  s ta g e ,  to  th e  

u l t im a te  ap p ea ran ce  o f  th e  th e c a  and a p ic a l  h o rn s .  The c e l l  i s  

c a p a b le  o f  d iv i s i o n  a  few  h o u rs  a f t e r  developm ent i s  co m p le te .
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Huber & Nipkow found  t h a t  te m p e ra tu re  was an im p o rta n t f a c t o r  

in  g e rm in a tio n . The minimum te m p e ra tu re  f o r  g e rm in a tio n  was abou t 5®C 

b u t w ith  te m p e ra tu re s  below  7°C developm ent demanded 4 -5  weeks w h ile  

a t  23-26°C  t h i s  was ab o u t 30 h o u rs .

2 .  METHODS

E s th w a ite  W ater ( f i g u r e  7 .1 )  was ch o sen  as th e  s i t e  f o r  th e  

s tu d y  a s  i t  heis th e  a d v an tag es  o f  a c c e s s i b i l i t y ,  and e x te n s iv e  r e c o rd s  

o f  b io l o g ic a l ,  chem ica l and p h y s ic a l  p a ra m e te r s .  C e l l  c o u n ts  and 

te m p e ra tu re  m easurem ents a re  re p ro d u c e d  h e re  w ith  th e  p e rm is s io n  o f  

D r. J . F .  T a i l in g  F .R .S . and Dr S . I .  Heaney (u n p u b lish e d  d a t a ) .  The 

sam ples w ere c o l l e c t e d  a t  th e  same tim e  a s  th e  c o r e s .  The d is a d v a n ta g e  

o f  E s th w a ite  i s  th e  f a c t  t h a t  th e  c y s t s  are  a p p a re n tly  n o t p re s e rv e d  in  

th e  sed im en ts  f o r  more th a n  a  few  y e a r s  ( s e e  C h ap te r 3 ) .  R o s th e rn e  

Mere w hich  m igh t have p ro v id e d  an e x c e l l e n t  s i t e  d id  n o t p roduce  an 

abundant C era tiu m  c ro p  d u r in g  th e  sam p ling  p e r io d  (1 9 7 6 -1 9 7 8 ).

J e n k in  c o re s  w ere ta k e n  from  th e  d e e p e s t a r e a  o f  th e  la k e  

( f ig u r e  7 .1 )  a t  w eekly i n t e r v a l s  from  J a n u a ry  1977 to  F eb ru a ry  1978 

and th e n  m onth ly  u n t i l  November 1978. Some m a te r ia l  was l o s t ,  d u r in g  

e x t ru s io n ,  in  A ugust and Septem ber 1977.

The c y s t s  w ere c o u n te d  in  th e  to p  3 cm o f  th e  c o re s  u n t i l  

O ctober 1977 and in  th e  upperm ost 5 cm t h e r e a f t e r .  They w ere d iv id e d  

in to  two c a te g o r ie s  :

i )  ' f u l l *  -  c y s t s  w ith  c o n te n ts ,  and p o s s ib ly  v ia b le  

i i )  'empty* -  c y s t s  w ith o u t c o n te n ts  b u t o f te n  c o n ta in in g  

a  sm a ll o rang e /b ro w n  r e s id u e
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3. RESULTS

a .  C o res

The p r o f i l e s  from  th e  s u r f a c e  l a y e r s  o f  th e  48 c o re s  exam ined 

from  E s th w a ite  W ater show t h a t  m ost o f  th e  c y s t s  o f  C era tiu m  h i r u n d i n e l l a  

a r e  c o n ta in e d  w ith in  th e  topm ost 3 cm o f  th e  sed im en t column ( f ig u r e  7 .2 ) .  

F iv e  c o re s  w ere a n a ly se d  to  a  d e p th  o f  12 cm, and 93% o f  th e  c y s t s  ( f u l l  

and em pty) w ere acco u n ted  f o r  in  th e  0 -3  cm s t r a t a .  L a rg e  p o p u la tio n s  

o f  C era tiu m  have been  common in  th e  la k e  f o r  o v er a  decade (Lund, 1 9 7 9 ); 

and th e  la c k  o f  c y s t s  a t  d e p th  i s ,  t h e r e f o r e ,  more l i k e l y  to  be a p ro d u c t 

o f  d eco m p o sitio n  r a t h e r  th a n  a  r e f l e c t i o n  o f  th e  p h y to p la n k to n . The 

mean r a t e  o f  sed im en t acc u m u la tio n  in  E s th w a ite  ( p o s t  1963) i s  c i r c a

0 .9  cm y r ”  ̂ (P e n n in g to n , 1978) and so  th e  u p p e r 5 cm o f a  c o re  

r e p r e s e n t s  a  p e r io d  o f  a p p ro x im a te ly  4 .5  y e a r s .  The annual p ro d u c tio n  

o f  C era tiu m  c y s t s  does n o t ,  how ever, l i e  in  th e  to p  0 .9  cm o f  th e  c o re s  

b u t t y p i c a l l y  l a r g e  num bers a r e  fo u n d  th ro u g h o u t th e  u pper 2 -3  cm 

( f ig u r e  7 . 2 ) .  The r a t e  o f  sed im en t acc u m u la tio n  i s  a  mean v a lu e  from  

1963 and hence f a c t o r s  such  a s  com paction  and d ia g e n e s is  m ust be ta k e n  

in to  a c c o u n t. I t  i s  l i k e l y  t h a t  th e  f l o c c u la n t  u p p er 2 cm o r  so  in  

E s th w a ite  r e p r e s e n t s  an an n u a l in c re m en t o f  d e p o s i t io n .

The c y s t s  o f  C era tiu m  a re  th o u g h t to  r e q u i r e  a  r e s t i n g  p e r io d  

b e fo re  g e rm in a tin g  (H uber & Nipkow, 1922) and s in c e  c e l l s  a r e  e x tre m e ly  

r a r e  in  th e  p la n k to n  d u rin g  w in te r  (C . B u tte rw ic k  -  p e rso n a l communicat- 

t i o n )  i t  may be in f e r r e d  t h a t  th e  number o f  c y s t s  on th e  la k e  bed sh o u ld  

rem ain  c o n s ta n t  d u r in g  t h i s  p e r io d .  The number o f  c y s t s  w ould , how ever, 

decreeise i f  p a r a s i t i s m ,  d ecay  o r  re s u s p e n s io n  and w ashout w ere im p o r ta n t 

f a c t o r s .  The q u a n t i t a t i v e  d i f f e r e n c e s  betw een  c o re s  ta k e n  in  th e  

w in te r  w ere l a r g e  ( e . g .  f i g u r e  7 .2  -  November 1978) and i t  may be
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s u g g e s t e d  t h a t  ^ e a l  v a r i a t i o n ,  p l u s  p r o c e d u r a l  e r r o r s ,  p r e c l u d e  a n y  

a c c u r a t e  e s t i m a t e  o f  c y s t  d e n s i t y  ( c f .  R o s t h e r n e  M e r e ) .

I f  t h e  c o r e s  f r o m  J a n u a r y - F e b r u a r y  1 9 7 7  a n d  1 9 7 8  a r e  c o m p a r e d  

t h e  n u m b e r  o f  c y s t s  i s  g r e a t e r  i n  t h e  l a t t e r  s a m p l e s  ( f i g u r e  7 . 2 ) .

I t  m a y  b e  i n f e r r e d  t h a t  m o r e  c y s t s  s e d i m e n t e d  i n  t h e  a u t u m n  o f  1 9 7 7  

t h a n  i n  1 9 7 6 ;  h o w e v e r  t h e r e  i s  l i t t l e  s u p p o r t i n g  e v i d e n c e  f r o m  t h e  

p l a n k t o n  s a m p l e s  w h i c h  c o n t a i n e d  s i m i l a r  n u m b e r s  i n  b o t h  y e a r s  ( S . I .  

H e a n e y  -  u n p u b l i s h e d  d a t a ) .

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

s u m m e r  ( f i g u r e  7 . 2 ) ,  a  t r e n d  w h i c h  i s  e m p h a s i s e d  i f  t h e  n u m b e r s  

c o n t a i n e d  w i t h i n  t h e  t o p m o s t  3  c m  a r e  s u m m e d  ( f i g u r e  7 . 3 ) .  C o n v e r s e l y  

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

F e b r u a r y  ( f i g u r e  7 . 3 ) .  N o t  a l l  t h e  f u l l ,  a n d  p e r h a p s  v i a b l e ,  c y s t s  

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

r e m a i n  i n  t h e  s e d i m e n t s  f o r  m o r e  t h a n  o n e  y e a r .

b .  G e r m i n a t i o n  e x p e r i m e n t s

i )  e x p e r i m e n t  A

F r e s h  m a t e r i a l  f r o m  t h e  c o r e s  w a s  t a k e n  o n c e  a  m o n t h ,  f r o m  

O c t o b e r  1 9 7 7 »  a n d  a t t e m p t s  m a d e  t o  i n d u c e  g e r m i n a t i o n  o f  t h e  C e r a t i u m  

c y s t s .  T h e  s e d i m e n t  w a s  a d d e d  t o  f l a s k s  o f  C h u  1 0  m e d i a  ( C h u ,  1 9 4 2 )  

a n d  p l a c e d  i n  a  c a b i n e t  a t  1 8 ° C  u n d e r  c o n t i n u o u s  i l l u m i n a t i o n  ( 4 0 0 0  l u x )  

C e l l s  o f  C e r a t i u m  w e r e  n o t  o b s e r v e d  i n  t h e  c u l t u r e s  u n t i l  m i d - F e b r u a r y  

1 9 7 8 .  T h i s  r e s u l t  i s  i n  a g r e e m e n t  w i t h  t h e  w o r k  o f  H u b e r  & N i p k o w  

( 1922 )  w h o  s u g g e s t e d  t h a t  t h e  c y s t s  r e q u i r e  a  r e s t i n g  p e r i o d  b e f o r e  

m a t u r a t i o n .



f i g u r e  7 .3

Ceratium cysts recovered from the sediments of Esthwaite 

Water

a. The total number of cysts (with and without 
contents) recovered from the 0-3 cm sections 

of Jenkin cores taken from January 1977 to 

Noveitber 1978.

b. The frequency of 'empty' cysts (expressed as 

a percentage of the total number recovered) 

in the 0-3 cm sections.
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i i )  ex p erim en t B

C y s ts  w ere c o l l e c t e d  from  th e  p la n k to n  in  Septem ber 1977 and a 

c o n c e n t r a te  o f  c y s t s  p lu s  c e l l s  and o th e r  s e s to n  veis p la c e d  in  24 f l a s k s .  

H a lf  o f  th e  f l a s k s  w ere s e a le d  and l e f t  t o  go a n a e ro b ic  w h i l s t  th e  

re m a in d e r w ere p lu g g ed  w ith  c o t to n  w oo l. The ex p erim en t was k e p t in  

th e  c o ld  ( c i r c a  5°C) and d a rk .  E very  m onth two f l a s k s  (one  ’ an ae ro b ic*  

and one ’ a e ro b ic * )  w ere removed and p la c e d  in  th e  c a b in e t  a long  w ith  

e x p e rim en t A. Up to  A p r i l  1978 no g e rm in a tio n  c o u ld  be in d u ced  from  

e i t h e r  s e t  o f  f l a s k s .  The w a te r  in  b o th  was d is c o lo u re d  and had a  

p u ngen t s m e l l .  The f a i l u r e  to  g e rm in a te  may have been  due to  th e  b u i ld  

up o f  to x i c  c o n d i t io n s  in  th e  f l a s k s .  U n fo r tu n a te ly  b e fo re  any c y s t s  

w ere rem oved from  th e  f l a s k s  and p la c e d  i n  f r e s h  m edia th e  ex p erim en t 

was p re m a tu re ly  abandoned due to  th e  breakdow n o f  th e  r e f r i g e r a t o r .

I t  i s  w o rth  n o t in g  th a t  th e  a n a e ro b ic  f l a s k s ,  a f t e r  6 m onths, c o n ta in e d  

v i r t u a l l y  no l a r g e  l i v in g  o rgan ism s and many a p ic a l  h o rn s  o f  th e  

C era tiu m  c e l l s  w ere s t i l l  i n t a c t .  The a e ro b ic  f l a s k s  c o n ta in e d  many 

c i l i a t e s  and o th e r  o rgan ism s and a l l  th e  c e l l s  w ere frag m en ted  and 

u n r e c o g n is a b le .

G erm in a tio n  o f  c y s t s  from  th e  sed im en t c o re s  c o u ld  be e a s i l y  

in d u c ed , from  m id -F e b ru a ry , by b r in g in g  them  i n t o  th e  la b o r a to r y .

The medium was n o t im p o rta n t s in c e  g e rm in a tio n  to o k  p la c e  n o t o n ly  in  

Chu 10 b u t a l s o  in  la k e  w a te r ,  ta p  w a te r  o r  d i s t i l l e d  w a te r  ( a l th o u g h  

in  th e  l a t t e r  many c e l l s  f a i l e d  to  m a tu re  and w ere d e fo rm e d ). The 

m a jo r i ty  o f  th e  c e l l s  w ere 4 - h o rn ed . The p re se n c e  o r  ab sen ce  o f  l i g h t  

made no d i f f e r e n c e  to  th e  g e rm in a tio n  o f  m a tu re  c y s t s .  P l a t e  V II 

shows a  tim e  s e r i e s  f o r  th e  grow th  o f  a  ’ gym oceratium ’ t o  a  ’ p re c e ra tiu m ’ 

in  c u l t u r e .
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PLATE V II

The developm ent o f  a C era tiu m  h i r u n d i n e l l a  

c e l l  from  E s th w a ite  W ater ; tim e  s e r i e s

m a g n if ic a tio n  x 200
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4. DISCUSSION

The en cy s tm en t o f  a  C e ra tiu m  p o p u la t io n  r e s u l t s  in  a  p o t e n t i a l  

s t r a t i g r a p h i e  l a y e r  b e in g  d e p o s i te d  o n to  th e  sed im en t s u r f a c e .  The 

c ro p  o f  ’new* c y s t s ,  in  th e  autum n, c o u ld  be observ ed  in  th e  s u r f a c e  

m a te r ia l  o f  E s th w a ite  W ate r. However i t  was d i f f i c u l t  to  fo llo w  t h i s  

c ro p ’ s  in c o rp o r a t io n  in t o  th e  se d im e n ts  b e c a u se  i t  was n o t p o s s ib le  to  

d is c e r n  an n u a l l a y e r s  in  th e  s e d im e n t. N ot a l l  o f th e  c y s ts  l a i d  down 

in  one y e a r  had g e rm in a te d  b e fo re  th e  fo l lo w in g  y e a r ’ s p la n k to n ic  

p o p u la tio n  e n c y s te d . Those c y s t s  w hich  became empty d id  n o t rem a in  in  

a  la y e r  below  th e  ’new’ ( f u l l )  c y s t s ,  and a p p a re n t ly  decomposed r a p id l y .  

The to p  2 -3  cm o f  th e  s e d im e n ts  in  E s th w a ite  form  th e  ’o x id is e d  m icro ­

zo n e’ , (M o rtim er, 1942; Gorham, 1958) co m p ris in g  th e  f l o c c u l t n t  m a te r ia l  

w hich becomes o x y g en a ted  d u r in g  th e  w in te r .  In  t h i s  zone th e  o x id a t io n  

o f  o rg a n ic  m a tte r  can  p ro c e e d  b e fo r e  i t s  in c o rp o ra t io n  in to  more m a tu re  

sed im en t. V ery few em pty C e ra tiu m  c y s t s  a r e  p re se rv e d  in  th e  d e e p e r , 

red u ced  sed im en t and i t  may be h y p o th e s is e d  t h a t  th e  c y s ts  a re  

decomposed in  th e  o x id i s e d  m ic ro z o n e . In  c o n t r a s t ,  th e  sed im en ts  o f  

R o sth e rn e  Mere a re  p e rm a n e n tly  a n o x ic  and th e r e  i s  good p r e s e r v a t io n  o f  

C era tium  c y s t s  ( s e e  a l s o  C h a p te r  8 f o r  f u r t h e r  d is c u s s io n  on decom posi­

t i o n )  .

Huber & Nipkow (1922) re c o rd e d  v ia b le  C era tium  c y s t s  in  th e  

sed im en ts  o f  Lake Z u r ic h  up to  5 -6  y e a r s  o ld .  However th e  la c k  o f  f u l l  

c y s ts  in  E s th w a ite  W ater i n d i c a t e s  t h a t  th e  c y s t s  g e rm in a te  o r  decay  

w ith in  a  few  y e a r s .

C e l l s  o f  C e ra tiu m  h i r u n d i n e l l a  eire n o t  o b se rv ed  in  th e  0 -5  m 

w a te r  column o f  E s th w a ite  d u r in g  th e  w in te r  months b u t th e  o c c a s io n a l  

’ s h r i v e l l e d ’ in d iv id u a l  i s  re c o rd e d  in  th e  s p r in g  (C. B u tte rw ic k  -  

p e rso n a l co m m u n ica tio n ). C y s ts  a re  found  in  th e  p la n k to n  sam ples
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th ro u g h o u t th e  w in te r ,  p resum ably  re su sp e n d e d  from  th e  l i t t o r a l  a re a s  

o f  th e  l a k e .  The number o f  f u l l  c y s t s  in  th e  s u r f a c e  sed im en ts  s teu rts  

to  d ec re sise  a t  th e  end o f  F e b ru a ry , and t h i s  i s  c lo s e ly  c o r r e l a t e d  w ith  

th e  a p p ea ran ce  o f  c e l l s  in  th e  0 -5  m sam ple a t  th e  b e g in n in g  o f  Mcu?ch 

( f i g u r e  7 . 4 ) .  T h is  s u g g e s ts  t h a t  th e  p la n k to n ic  p o p u la tio n  may be 

d e r iv e d  from  th e  c y s t s ,  r a t h e r  th a n  an o v e rw in te r in g  p o p u la t io n .

T here  a p p e a rs  to  be a  r a p id  g e rm in a tio n  o f  c y s t s  u n t i l  th e  end o f  May 

as  th e  p o p u la t io n  in  th e  w a te r  a l s o  in c r e a s e s .  From Ju n e  th e  number 

o f  c e l l s  in c r e a s e s  q u ic k ly  (p o p u la t io n  d o u b lin g  tim e  d u r in g  e x p o n e n tia l  

g row th  i s  c i r c a  6 -7  days -  H eaney, 1976) b u t r e c ru i tm e n t  from  th e  sed im en t 

i s  seem in g ly  u n im p o r ta n t . The r e l a t i v e  number o f  empty to  t o t a l  c y s ts  

in  th e  sed im en t d e c re a s e s  a s  en cy stm en t commences in  th e  p la n k to n  d u rin g  

S ep tem ber.

When th e  s u r f a c e  sed im en t was p la c e d  in  f r e s h  w a te r  and b ro u g h t 

in to  th e  la b o ra to r y  v i r t u a l l y  a l l  th e  c y s t s  g e rm in a te d  w ith in  f i v e  d a y s .

I f  te m p e ra tu re  i s  th e  o n ly  mechanism  r e s p o n s ib le  f o r  i n i t i a t i n g  

g e rm in a tio n  o f  th e  C era tiu m  c y s t ,  th e n  a l l  v i a b l e ,  m a tu re  c y s t s  would 

g e rm in a te  a t  a  c r i t i c a l  te m p e ra tu re .  T h is  d oes  n o t  happen s in c e  f u l l  

(and  v ia b le )  c y s t s  a r e  p r e s e n t  in  th e  s u r f a c e  sed im e n ts  o v e r summer.

Huber & Nipkow (1922) reck o n ed  t h a t  th e  minimum te m p e ra tu re  f o r  

g e rm in a tio n  was around 5°C. The bo ttom  te m p e ra tu re  o f  E s th w a ite  W ater 

was ab o u t t h i s  f ig u r e  in  1977 and 1978 when c e l l s  w ere f i r s t  n o te d  in  

th e  0-5  m column ( t a b l e  7 a ) .  However i t  m ust a l s o  be n o te d  th a t  t h i s  

p e r io d  a l s o  c o in c id e s  w ith  th e  tim e  t h a t  th e  c y s t s  r e a c h  m a tu r i ty ,  

i . e .  no  g e rm in a tio n  c o u ld  be in d u c ed  in  c u l t u r e  b e fo re  m id -F e b ru a ry .

The w a te r  te m p e ra tu re  i s  much h ig h e r  in  th e  autumn and e a r ly  w in te r  

when c e l l s  a r e  n o t  o b se rv ed  in  th e  w a te r  colum n.

T y p ic a l ly  betw een 56-96% o f  th e  em pty c y s t s  o b se rv ed  in  th e  

E s th w a ite  sed im en ts  c o n ta in e d  a  sm a ll o range-b row n  r e s id u e ,  s im i la r  to



T a b le  7a E s th w a ite  C era tiu m  -  s p r in g  te m p e ra tu re  d a ta
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D ate C era tiu m  
( c e l l s  100 ml )

0 -5  m column

T em pera tu re
(OC)

s u r f a c e 15 m

1977

March

A p r il

1
8

15
22
29

5

1
0

24
87

149
165

4 .6
5 .2
6.1
5 .8
5 .9  
5 .5

4 .6  
5.1
5 .8
5 .8
5 .6  
5 .3

1978

March

A p r il

7
14
21
29

4

0
1

20
58
99

4 .4
5 .5  
5 .3
5 .6  
6 .8

4 .4
5 .5
5 .3  
5 .8
6 .3
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t h a t  p r e s e n t  in  c y s t  rem a in s  from  R o s th e rn e  Mere and E lle sm e re  M ere.

C y s ts  w hich w ere g e rm in a te d  in  th e  la b o r a to r y  ex p e rim en ts  d id  n o t  c o n ta in  

t h i s  r e s id u e ,  w hich  i s  in  acco rd an ce  w ith  th e  o b s e rv a t io n s  o f  Huber & 

Nipkow ( 1922 ) .  T h e re fo re  th e  empty c y s t s  c o n ta in in g  t h i s  r e s id u e  may 

r e p r e s e n t  in d iv id u a l s  w hich  have decayed  o r  been  p a r a s i t i s e d  (D. Chapman -  

p e rs o n a l  co m m unica tion ).

Around F eb ruary -M arch  th e  r e l a t i v e  number o f  empty c y s t s  

in c r e a s e s  w hich may r e f l e c t  e i t h e r  an in c r e a s e  i n  th e  r a t e  o f  c y s t  

d eco m p o s itio ry ^ p a ra s itism  o r ,  more l i k e l y ,  a  r e f l e c t i o n  o f  th e  number o f  

v ia b le  c y s t s  g e rm in a tin g  a s  th e  p la n k to n ic  community in c r e a s e s .  C y s ts  

w hich w ere t o t a l l y  d ev o id  o f  c o n te n ts  w ere d i f f i c u l t  t o  i d e n t i f y  w ith in  

th e  f r e s h  se d im e n t, and c o n se q u e n tly  may be u n d e re s t im a te d , w h ile  th e  

orange-b row n  r e s id u e  e n a b le d  th e  c y s t  rem ain s  t o  be e e is i ly  s e e n .

The n o n -g e rm in a tio n  o f  abo u t 10% o f  th e  c y s t s  may be a  r e s u l t  

o f  th e  b u i ld  up o f  to x i c  c o n d i t io n s  in  e i t h e r  th e  s u p e r f i c i a l  sed im en ts  

o r  th e  o v e r ly in g  w a te r .  The number o f  c y s ts  g e rm in a tin g  a p p e a rs  to  

slow  down around  M ay-June ( f i g u r e  7 .4 )  w h ile  th e  o n s e t o f  d eo x y g en a tio n  

in  1977 o c c u rre d  in  m id -Ju n e  (A. V ightm an -  p e r s o n a l  com m un ica tion ).

T h is  may p o s s ib ly  e x p la in  why no g e rm in a tio n  c o u ld  be in duced  from  th e  

f l a s k  e x p e rim e n ts  when b o th  s e t s  became fo u l  s m e llin g  and d is c o lo u re d .  

R eynolds (1971) a l s o  f a i l e d  to  g e rm in a te  b lu e -g re e n  a k in e te s  u n d er 

ano x ic  c o n d i t io n s .

T h e re fo re  i f  c y s t s  o f  C era tiu m  h i r u n d i n e l l a  a re  i n h i b i t e d  from  

g e rm in a tin g  u n d er a n a e ro b ic  o r  s a p ro b ic  c o n d i t io n s  and su b se q u e n tly  d ecay , 

le a v in g  an orange-brow n r e s id u e  and c y s t  w a l l ,  th e n  th e  rem adns in  th e  

p e rm an en tly  deoxygena ted  se d im e n ts  o f  R o s th e rn e  Mere may r e f l e c t  th e  

annual c ro p  o f  c y s t s .  P a rs is i t i s m  i s  u n l ik e ly  t o  be s i g n i f i c a n t  in  

anox ic  w a te rs  (Lund -  p e r s o n a l  com m unica tion ). However th e  u s e  o f  

C eratium  c y s t s  as  i n d i c a to r s  o f  peist c ro p s  in  R o s th e rn e  Mere makes th e
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u n q u a l i f i e d  a ssu m p tio n  t h a t  c y s t  abundance i s  c o r r e l a t e d  w ith  c e l l  

d e n s i t y .  F or exam ple Heaney (1976) n o te d  t h a t  in  1971, th e r e  was a 

mass en cy stm en t o f  th e  C era tiu m  c e l l s  in  E s th w a ite ,  w hereas in  1973 a 

l a r g e  p r o p o r t io n  o f  th e  v e g e ta t iv e  c e l l s  underw en t a  sudden  l y s i s  a t  

th e  end  o f  S ep tem b er. However th e r e  a p p e a rs  to  be an a s s o c ia t io n  in  

R o s th e rn e  (b u t  n o t  in  E s th w a ite )  betw een y e a r s  o f  abundance in  th e  

p la n k to n  and ab u n d an t rem a in s  in  th e  s e d im e n ts .

B. ROSTHERNE MERE

1 . INTRODUCTION

The a l g a l  s t r a t i g r a p h y  o f  th e  deep  w a te r  c o re s  in  R o s th e rn e  Mere 

in d ic a te d  t h a t  s e d im e n ta t io n  weis h ig h ly  o rd e re d  and t h a t  a lg a l  rem a in s  

w ere d e p o s i te d  in  d i s c r e t e  l a y e r s  on th e  sed im en t s u r f a c e .  S es to n  

t r a p s  w ere p la c e d  in  th e  la k e  to  exam ine th e  acc u m u la tio n  o f  a lg a l  

rem a in s  and to  com pare th e  s e s to n  w ith  b o th  th e  p h y to p la n k to n  and th e  

s e d im e n ts .

a . S e s to n

H u tch in so n  (1967) d e f in e s  s e s to n  a s  " th e  e n t i r e  m ass o f 

suspended  m a t te r  in  a  volum e o f  f r e e  w a te r” . The s e s to n  c o n s i s t s  o f  

a llo c h th o n o u s  and a u to ch th o n o u s  p a r t i c l e s  p r e s e n t  in  th e  w a te r  column 

o f a l a k e .  P e n n in g to n  (1974) comments, " s in c e  la k e  se d im e n ts  o r ig i n a t e  

from s e s to n  a f t e r  m ic ro b ia l  and ch em ica l t r a n s fo rm a t io n s  s e s to n  i s  

im p o rta n t b o th  q u a l i t a t i v e l y  and q u a n t i t a t i v e l y  in  p a la e o lim n o lo g y " .
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b . S e s to n  t r a p s

T h ere  a re  many d i f f e r e n t  d e s ig n s  o f  s e s to n  t r a p s  ( c f .  P e n n in g to n , 

1974 ) and th e  d e s ig n  i s  c r u c i a l  to  any com parison  in v o lv in g  th e  volume 

o f  s e s to n  c a u g h t ( T u t in ,  1 9 5 5 ). T here  have been few  co m p ara tiv e  

e v a lu a t io n s  o f  t r a p  p e rfo rm an ce , b u t s tu d ie s  have been  c a r r i e d  o u t by 

P en n in g to n  (1 9 7 4 ) , K irc h n e r  (1975) and R eynolds ( 1 9 7 9 c ). However 

R eynolds s t a t e s ,

" . . .  th e  i m p l i c i t  assum ption  t h a t  what e n t e r s  th e  t r a p ,  

w h a tev e r th e  d e s ig n , would o th e rw is e  have sed im en ted  

from  t h a t  p a r t  o f  th e  w a te r  column h as  s t i l l  n o t  been 

t e s t e d  a d e q u a te ly " .

T ra p s  in  n o n - tu r b u len t  w a te r  l a y e r s  have been  shown to  g iv e  

good r e p l i c a t i o n ,  b u t  perfo rm ance  in  th e  m ixed l a y e r s  i s  o f te n  s i g n i f i ­

c a n t ly  m o d if ie d  by tu r b u le n t  flo w  around th e  t r a p  (P e n n in g to n , 1974; 

R eyno lds, 1 9 7 9 c ).

c .  Sedim ent -  s e s to n

P en n in g to n  (1974) com pared th e  an n u a l acc u m u la tio n  o f  sed im en t 

as  m easured  by r a d io n u c l id e ,  and p a la e o m a g n e tic , m ethods to  th e  e s t im a te  

d e r iv e d  from  s e s to n  t r a p p in g .  The two v a lu e s  w ere c o m p a tib le  f o r  th e  

deep w a te r  la k e s  o f  W inderm ere, E n n erd a le  W ater and W astw ater b u t th e  

s e s to n  t r a p s  in  E s th w a ite  and B lelham , w hich  a re  s h a llo w e r ,  c au g h t ab o u t 

tw ic e  th e  amount o f  m a te r ia l  w hich was p e rm an en tly  in c o rp o ra te d  in to  

th e  s e d im e n ts . T h is  was i n t e r p r e t e d  as  showing v ig o ro u s  re s u s p e n s io n  

and r e c i r c u l a t i o n  o f  m a te r ia l  on th e  la k e  bed and was a  fu n c t io n  o f  

la k e  m orphom etry . D av is  (1973) found th a t  r e s u s p e n s io n  o c c u rre d  d u r in g  

th e  w hole y e a r  in  a  n o n - s t r a t i f i e d  la k e  b u t o n ly  d u r in g  m ixing  e v e n ts  in  

a s t r a t i f i e d  l a k e .  In  th e  l i t t o r a l  zones D avis^^.estim ated t h a t  th e
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upperm ost 6-12  mm o f  sed im en t c o u ld  be d is tu r b e d  by o v e r tu rn  m ixing  and 

even  in  d e e p e r  a re a s  o f  th e  b a s in  1 mm may be d i s tu r b e d .  S es to n  

t r a p s  can  be u sed  to  d e m o n stra te  th e  movement o f  sed im en t from  d i f f e r e n t  

a re a s  o f  th e  la k e  bed to  o th e r s  and d e t e c t  any s o r t in g  due to  d i f f e r e n ­

t i a l  movement.

d . P h y to p la n k to n  -  s e s to n

N o n -m o tile  a lg a e ,  such  as  d ia to m s , a r e  d ep en d en t on tu r b u le n t  

w a te r  movements in  o rd e r  to  rem ain  in  th e  w a te r  colum n, b u t m o t i le  o r  

buoyan t a lg a e  ( e .g .  d i n o f l a g e l l a t e s  and cryp tom onads o r  c e r t a i n  b lu e -  

g reen  a lg a e )  a r e  c a p a b le  o f  c o n t r o l l i n g  t h e i r  v e r t i c a l  p o s i t i o n  w ith in  

th e  l i m i t s  im posed by tu rb u le n c e .  T hus, non-mo t i l e  s p e c ie s  have a  

c o n s ta n t  ten d en cy  to  sed im en t w h ile  m o t i le  and b u oyan t a lg a e  would 

o n ly  p a s s iv e ly  s in k  i f  th e  a b i l i t y  to  r e g u la t e  t h e i r  v e r t i c a l  p o s i t io n  

was l o s t ,  f o r  exam ple by d e a th  o f  th e  c e l l .

P h y to p la n k to n  w i l l  u l t im a te ly  s in k  to  th e  la k e  bed u n le s s  i t  i s ;  

( i )  w ashed o u t o f  th e  system  

( i i )  consumed by g ra z in g  an im als  

( i i i )  decom posed o r  d i s in t e g r a t e d  w h i l s t  s in k in g  

Com parison o f  th e  a lg a l  rem ain s  in  th e  s e s to n  and p h y to p la n k to n  r e c o rd s  

can  show w h eth er ( i i )  and ( i i i )  a r e  im p o r ta n t .  The sm a ll o u tf lo w  o f  

R o sth e rn e  Mere and lo n g  r e s id e n c e  tim e  o f  th e  w a te r s  means t h a t  wash 

o u t o f  th e  abundant p h y to p la n k to n  c ro p s  m ust be n e g l i b i b l e .

A ll  th e  p h y to p lan k to n  r e s u l t s  p r e s e n te d  h e re  a re  re p ro d u c e d  by 

k in d  p e rm is s io n  o f  Dr O .S . R eynolds (u n p u b lish e d  d a t a ) .
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2. METHODS

The s e s to n  t r a p s  u sed  w ere v e r t i c a l - s i d e d  p e rsp e x  c y l in d e r s ,  

d ia m e te r  6 .5 5  cm (P e n n in g to n , 1974 -  p . 2 1 7 ) . T hese w ere u se d  in  

p a i r s  and a t ta c h e d  to  a  ro p e  betw een an an ch o r and a  subm erged f l o a t  

(P e n n in g to n , 1974 -  p . 2 2 0 ) ,

One s e t  o f  t h r e e  p a i r e d  t r a p s  was s i t u a t e d  in  th e  c e n t r e  o f  th e  

m ere in  30 m o f  w a te r .  The t r a p s  w ere p la c e d  2 m, 12 m and 21 m above 

th e  mud s u r f a c e .  Two o th e r  s e t s ,  each  w ith  a  p a i r  o f  t r a p s  a t  b o th  2 m 

and 12 m above th e  mud s u r f a c e ,  w ere a l s o  p la c e d  in t o  th e  l a k e .  One 

s e t  WEIS p la c e d  n e a r  th e  in f lo w  ( s e e  f i g u r e  7 « l ) ,  b u t n o t  in  d i r e c t  l i n e  

o f  f lo w , in  21 m o f  w a te r  and th e  o th e r  a t  th e  s o u th  end o f  th e  l a k e ,  n e a r  

th e  o u tf lo w , in  ab o u t 20 m o f  w a te r .  The to p  t r a p s  on each  s e t  w ere , 

t h e r e f o r e ,  p o s i t io n e d  c i r c a  8 -  9 m below  th e  w a te r  s u r f a c e  and would 

rem a in  below  th e  e p ilim n io n  f o r  m ost o f  th e  summer ( s e e  G rim shav &

Hudson, 1970 ) .  P en n in g to n  (1974) and R eynolds ( I9 7 9 c )  have shown 

t h a t  s e s to n  t r a p s  s i t e d  in  th e  e p ilim n io n  may g iv e  e r ro n e o u s  e s t im a te s  

o f  s e d im e n ta t io n  owing to  t h e i r  perfo rm an ce  in  tu r b u le n t  w a te r .

The t r a p s  w ere em p tied  a t  a p p ro x im a te ly  th r e e  m onth ly  i n t e r v a l s .  

On c o l l e c t i o n  th e  t r a p s  w ere g e n t ly  l i f t e d  ab o ard  a  b o a t and th e n  

exam ined (by  e y e ) ,  em p tied  and c le a n e d  b e fo rg  b e in g  r e tu r n e d  to  th e  

l a k e .  M a te r ia l  from  th e  t r a p  ’ p a irs *  was am algam ated to  p ro v id e  

s u f f i c i e n t  m a te r ia l  f o r  a n a l y s i s .  P e n n in g to n  (1974) found  th e  

r e p l i c a t i o n  o f  p a i r e d  t r a p s  was s a t i s f a c t o r y .

The w et volume o f  s e s to n  was mesisured a f t e r  n a t u r a l  s e t t l i n g .

The c o n te n ts  o f  th e  t r a p s  w ere em p tied  i n t o  s u i t a b l e  m esisuring c y l in d e r s  

and two d ro p s  o f  40% fo rm a lin  added to  p re v e n t f u r t h e r  d e c o m p o sitio n .

The s e s to n  was l e f t  u n t i l  c o n s ta n t  volum e vas a t t a i n e d .  In  p r a c t i c e
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no f u r t h e r  s e t t l i n g  was o b serv ed  a f t e r  c i r c a  4 d a y s . S u p e rn a ta n t 

w a te r  was removed w ith  a  p i p e t t e ,  th e  s e s to n  was th e n  hom ogenised and 

a l iq u o t s  rem oved by a  g ra d u a te d  s y r in g e  (w ith o u t n e e d le ) .

A lg a l rem a in s  w ere enum erated  on f r e s h  s e s to n  ( s e e  C h a p te r  2) 

from  each  p a i r  o f  t r a p s .  D iatom s w ere exam ined from  o n ly  th e  bo ttom  

t r a p  o f  th e  c e n t r e  s e t .

M a te r ia l  from  th e  c e n tre -m id d le  t r a p  was l o s t  d u r in g  c o l l e c t i o n  

in  December 1977 and e s t im a te s  o f  a r e a l  d e n s i ty  c o u ld  n o t  be c a l c u l a t e d .

3 . RESULTS

a . G e n e ra l o b s e rv a tio n s

Over th e  p e r io d  o f  s tu d y  th e r e  was no s i g n i f i c a n t  d i f f e r e n c e  in  

th e  amount o f  s e s to n  c a u g h t, o r  th e  dom inant a l g a l  rem a in s  t h e r e i n ,  

betw een d i f f e r e n t  t r a p s  (p  > 0 .0 1 )  f o r  any g iv e n  tr a p p in g  p e r io d .

A n a ly s is  o f  v a r ia n c e  showed th a t  s p a t i a l  d i f f e r e n c e s  betw een t r a p s  had 

no a p p re c ia b le  e f f e c t  on th e  t r a p  b eh a v io u r ( t a b l e  7 b ) .  D if f e r e n c e s  

w ere, how ever, n o te d  f o r  a lg a e  such  a s  O s c i l l a t o r i a  w hich a re  n o t  

p re s e rv e d  f o r  any le n g th  o f  tim e .

#

T a b le  7b A n a ly s is  o f  V a ria n c e  F -v a lu e s

betw een t r a p s  betw een t r a p p in g  p e r io d s

s e s to n  volum e 0 .1 9  * 28 .32

M ic ro c y s t i s  c o lo n ie s  0 .1 2  * 81 .52

S te p h a n o d isc u s  a s t r a e a  0 .03  *  -

M e lo s ira  v a r ia n s  0.11 *  -

* no s i g n i f i c a n t  d i f f e r e n c e  (p  > 0 .0 5 )
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The b u lk  o f  th e  s e s to n  was c a u g h t in  th e  l a t t e r  p a r t  o f  1977 

( f i g u r e  7 .5 a )  a f t e r  an abundan t p o p u la t io n  o f  M ic ro c y s tis  a e ru g in o s a .

As d e m o n s tra te d  in  th e  d e e p -w a te r  c o re s  th e  volume o f  t h i s  a lg a  i s  such  

t h a t  l a r g e  p o p u la t io n s  can  produce a  l a y e r  o f  sed im en t in  e x c e ss  o f  one 

c e n t im e tr e  t h i c k .  The d e p th  o f  s e s to n  c a u g h t was o v e r 3 cm th i c k .

The s e t s  o f  t r a p s  r a i s e d  a t  th e  end o f  Septem ber 1977 a l l  

c o n ta in e d  a  w h ite  * a s h - l ik e *  l a y e r  in  th e  m idd le  o f  th e  accum ula ted  

s e s to n .  The m a te r i a l  c o n ta in e d  many c a lc iu m  c a rb o n a te  g ra n u le s ,  

p resum ab ly  p r e c i p i t a t e d  by l a r g e  s u r f a c e  bloom s o f  M ic r o c y s t i s . T h is  

i s  c o n s i s t e n t  w ith  th e  X -ray  p l a t e s  ta k e n  o f  th e  deep w a te r  c o re s  ( s e e  

C h a p te r  5 ) .

I n v e r t e b r a te s  w ere commonly o b se rv e d  in  th e  t r a p s  b u t a c t i v i t y  

was t y p i c a l l y  g r e a t e s t  in  th e  s u r f a c e  t r a p s  and d e c re a se d  w ith  d e p th .  

H ydra sp p . w ere f r e q u e n t  and in  J a n u a ry  1979 th e  bo ttom  t r a p s  c o n ta in e d  

a  l a r g e  C yclops s p .  (R eyno lds -  p e r s o n a l  co m m un ica tion ).

b . A lg a l rem a in s

The a l g a l  rem a in s  o b se rv e d  in  th e  e n tra p p e d  s e s to n  a re  s im i l a r ,  

in  c o m p o s itio n , to  th o s e  re c o rd e d  in  th e  sed im en t c o re s  ( t a b l e  7 c ) .

The a t ta c h e d  and b e n th ic  d ia to m s , found  in  sm a ll num bers in  b o th  th e  

s e s to n  and se d im e n t, have been  e x c lu d ed  from  th e  t a b l e .

M ic ro c y s t is  a e ru g in o s a  c o lo n ie s  d om inated  th e  a lg a l  rem a in s  in  

th e  s e s to n  t r a p s  a t  th e  end o f  1977 ( f i g u r e  7 .5 b ) ,  a  few  in d iv id u a l s  

w ere a l s o  r e c o v e re d  in  Septem ber 1978. Many o f  th e  c o lo n ie s  ap p ea red  

h e a l th y  and some became b u oyan t in  th e  s e d im e n ta tio n  c y l in d e r s  on r e tu r n  

to  th e  la b o r a to r y .  A nabaena a k in e te s ,  b o th  w ith o u t and , more commonly, 

w ith  c o n te n ts  w ere found  in  th e  t r a p s  c o v e r in g  th e  p e r io d  Ju n e  to  

Septem ber 1978 ( f i g u r e  7 .5 c ) .  T hese t r a p s  a l s o  c o n ta in e d  th e  rem a in s
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T a b le  7 c  A l g a l  r e m a in s  i n  t h e  s e s t o n  t r a p s

199

S te p h a n o d is c u s  a s t r a e a  * 
S te p h a n o d isc u s  h a n tz s c h i i  * 
M e lo s ira  a r e n a r i a  * 
C e ra tiu m  h i r u n d i n e l l a  * 
M ic ro c y s t is  a e ru g in o s a  * 
Aphanizom enon f lo s - a q u a e  * 
Cosmarium s p .
Scenedesm us *
A nkyra

F r a g i l a r i a  c ro to n e n s is  * 
F r a g i l a r i a  c a p u c in a  * 
A s t e r io n e l l a  Formosa * 
M e lo s ira  v a r ia n s  * 
A nabaena sp p . * 
O s c i l l a t o r i a  a g a rd h i i  * 
S ta u ra s tru m  sp p . *
F e d ia s tru m  ♦

(*  R ecorded  in  sed im en t c o re s )

T a b le  7d Mean le n g th s  o f  O s c i l l a t o r i a  f i la m e n ts

T rap s  in f lo w  -  b o ttom  54 pm

c e n t r e  -  m id d le  85 pm

c e n t r e  -  bo ttom  231 pm

rem a in d e r c o n ta in e d  
to o  few  f i la m e n ts  to  
o b ta in  a f i g u r e ,  b u t 
an e s t im a te d  le n g th  
was c i r c a  50 pm

P h y t o p l a n k t o n J a n u a ry

F e b ru a ry

March

A p r i l

May

567 pm

810 pm 

1030 ym

428 jam

Ju n e

J u ly

A ugust

Septem ber

224 p i  

336 jam 

324 jam 

260 jam

(R eynolds -  u n p u b lish e d  d a ta )
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o f O s c i l l a t o r i a  a g a r d h i i  ( f i g u r e  7 .6 a ) .  Few h e a l th y  f i la m e n ts  w ere 

re c o v e re d , th e  m a jo r i ty  w ere d eg rad ed  and frag m e n ted . The av erag e  

f i la m e n t  le n g th  was e s t im a te d  by m easu rin g  (w here p o s s ib le )  50 to  100 

f i la m e n ts  g r e a t e r  th a n  ^  20 jam. The mean le n g th  g e n e r a l ly  in c re a s e d  

w ith  d e p th  ( t a b l e  7 d ) .

A sm a ll number o f  C era tiu m  h i r u n d i n e l l a  c y s t s  w ere tr a p p e d  each  

y e a r  in  th e  autumn ( f i g u r e  7 .6 b ) .  A ll  th e  c y s t s  had c o n te n ts .

The g re e n  a lg a e  P ed iastriam , Scenedesm us, A nkyra ( ? ) ,  Cosmarium 

and S ta u ra s tru m  w ere re c o rd e d  in  th e  t r a p s ,  a l b e i t  in  sm all num bers.

A few c e l l s  o f  A nkyra w ere p r e s e n t  in  th e  t r a p s  r a i s e d  in  J a n u a ry  1978.

The c e l l s  ap p ea red  to  have r e c e n t ly  sed im en ted  s in c e  th e  c h lo r o p la s t s  

r e ta in e d  b r ig h t  p ig m e n ta t io n . P e d ia s tru m  was re c o rd e d  th ro u g h o u t th e  

y e a r  and was f r e q u e n t  in  th e  summer t r a p s .

The l a r g e  d ia to m s S te p h a n o d isc u s  a s t r a e a  and M e lo s ira  v a r ia n s  

w ere enum era ted  on f r e s h  m a te r i a l  from  a l l  th e  t r a p s .  The rem a in in g  

s p e c ie s  w ere o n ly  a s s e s s e d  on d ia to m  m ounts from  th e  c e n tre -b o tto m  

t r a p s .  M e lo s ira  v a r ia n s  o c c u rre d  p re d o m in a n tly  in  March -  Ju n e  1978, 

a lth o u g h  th e  in f lo w -b o tto m  t r a p  c o n ta in e d  a  com parab le  number from  th e  

Septem ber 1978 -  J a n u a ry  1979 p e r io d  ( f i g u r e  7 .6 c ) .  S tep h a n o d iscu s  

a s t r a e a  was re c o v e re d  from  a l l  th e  t r a p s  from  b o th  th e  above p e r io d s  

( f ig u r e  7 .7 a ) .

The b u lk  o f  th e  p la n k to n ic  d ia to m s ( > 90%) w ere tr a p p e d  d u r in g  

th e  March -  Ju n e  p e r io d  1978 ( f i g u r e  7 .7 b ) .  The dom inant s p e c ie s  w ere 

A s t e r io n e l la  fo rm o sa  (o v e r  h a l f  o f  th e  f r u s t u l e s  r e c o v e re d ) ,  S te p h a n o d isc u s  

h a n tz s c h i i , S te p h a n o d isc u s  a s t r a e a  and F r a g i l a r i a  c r o to n e n s is  ( f ig u r e  

7 .7 c ) .  The s e s to n  from  th e  f i r s t  p a r t  o f  th e  y e a r  a l s o  c o n ta in e d  m ost 

o f  th e  *n o n -p lan k to n *  s p e c ie s  ( e . g .  Gomphonema, C ym bella , C o cco n e is ) 

excep t f o r  N i tz s c h i a  spp w hich  w ere p a r t i c u l a r l y  common a t  th e  end o f
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1977 ( f ig u r e  7 .7 b ) .  N i tz s c h ia  p a le a  dom inated  th e  genus and v a s  

f r e q u e n t ly  found  a t ta c h e d  to  th e  p e r ip h e ry  o f  M ic ro c y s tis  c o lo n ie s  

(R eyno lds, 1 9 7 8 ).

4 .  DISCUSSION

The p h y to p la n k to n  s u c c e s s io n  1977-1978 ( f ig u r e  7 .8 )  i s  s i m i l a r  

to  t h a t  d e s c r ib e d  f o r  many p re v io u s  y e a r s  by R eynolds (1 9 7 8 ) . The 

summer and autumn o f  1977 w ere dom inated  by M ic ro c y s tis  a e ru g in o s a  

w h ile  in  1978, and a t y p i c a l ly  f o r  R o s th e rn e  M ere, O s c i l l a t o r i a  a g a r d h i i  

was abundant d u r in g  th e  summer. The s p a r s e  p la n k to n  in  th e  e a r l y  p a r t  

o f  1978 was dom inated  by C h lo r e l l a  and th e  f l a g e l l a t e s  Rhodomonas and 

Cryptom onas w hich w ere fo llo w e d  by th e  d ia to m s A s t e r io n e l l a  fo rm o sa , 

S te p h a n o d iscu s  h a n t z s c h i i , S te p h a n o d isc u s  a s t r a e a  and th e n  th e  b lu e -  

g reen  A nabaena. A sm all p o p u la tio n  o f  C era tiu m  h i r u n d i n e l l a  was 

p re s e n t  d u r in g  1978.

Remains o f  a l l  th e  above a lg a e  w ere re c o v e re d , w ith  th e  n o ta b le  

e x c e p tio n s  o f  th e  u n i c e l l u l a r  sm a ll g re e n s  and c ry p tom onads. A sm a ll 

number o f  C h lo rophyceae  w ere found  in  th e  t r a p s  b u t w ere e i t h e r  d e g ra d e d  

o r c o n ta in e d  i n t a c t  c h l o r o p l a s t s ,  and so  w ere assum ed to  have r e c e n t l y  

sed im en ted . The sed im en ts  o f  b o th  E lle sm e re  Mere ( c f .  t a b l e  4 a )  and 

R o sth ern e  Mere c o n ta in e d  v e ry  few rem ains  o f  th e  sm a ll a lg a e  re c o rd e d  

in  th e  p h y to p la n k to n .

Q u a n t i ta t iv e  com parisons betw een p h y to p la n k to n  d e n s i ty  and 

t h e i r  rem a in s  in  th e  se d im e n ts  i s  o f te n  im p o ss ib le  s in c e  i t  i s  d i f f i c u l t  

to  s e p a r a te  th e  annual in f l u x  to  th e  d e p o s i t s  from  o ld e r  i n d iv id u a l s  

a lre a d y  p r e s e n t .  However a  rough  e s t im a te  can  be made u s in g  th e  d a ta  

from th e  s e s to n  t r a p s .
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A q u a n t i t a t i v e  com parison  betw een th e  p h y to p lan k to n  and th e  

e n tra p p e d  a lg a l  rem a in s  can  o n ly  be perfo rm ed  a p p ro x im a te ly  b ecau se  

th e  t o t a l  number o f  i n d iv id u a l s  p roduced  in  th e  p la n k to n , in  any one 

y e a r ,  c a n n o t be a c c u r a te ly  com puted. However, c ru d e  e s t im a te s  can  be 

made, p ro b a b ly  to  w i th in  an o rd e r  o f  m ag n itu d e , from  in fo rm a tio n  on 

s ta n d in g  c ro p  c o n c e n t r a t io n s ,  e x p re s s e d  p e r  u n i t  a r e a  o f  la k e  s u r f a c e .  

T ab le  7e com pares th e  e s t im a te d  a r e a l  d e n s i ty  o f  p h y to p la n k te r s  (R ey n o ld s, 

u n p u b lish e d  d a ta )  w ith  th e  s e s to n  t r a p  and c o re  d a ta .  The c a l c u l a t i o n  

i s  b ased  upon:

1 . The maximum o b se rv e d  p o p u la t io n  in  0 -4 .5  m ( t h i s  w i l l  u s u a l ly  

be s m a l le r ,  and n e v e r  g r e a t e r ,  th a n  th e  t o t a l  p ro d u c tio n )

2 . The assu m p tio n  t h a t  th e  n a t u r a l  p o p u la t io n  i s  u n ifo rm ly  

d i s t r i b u t e d  w ith  d e p th  th ro u g h  30 m when th e  la k e  i s  is o th e rm a l 

o r  to  th e  bo tto m  o f  th e  e p ilim n io n  (5 -8  m d e p th )  when th e  la k e  

i s  s t r a t i f i e d  (May to  O c to b er in c lu s iv e )

I t  i s  r e a l i s e d  t h a t  th e  e s t im a te s  d e r iv e d  a re  o n ly  ap p ro x im ate  and th e  

fo llo w in g  f a c t o r s  m ust be c o n s id e re d .

1 . M o tile  and b u o y an t p h y to p la n k to n  may a tte m p t to  m ig ra te  to  a 

c e r t a i n  d e p th  in  th e  w a te r  column (R ey n o ld s, 1 976b ).

2 . Under c o n d i t io n s  o f  m o d era te  tu rb u le n c e  ( i . e .  s u f f i c i e n t  to  

su spend  b u t n o t  to  th o ro u g h ly  m ix ), a g r e a t e r  number o f  non- 

m o t i le  a lg a e  ( e . g .  d ia to m s) w i l l  be p r e s e n t  in  th e  e u p h o tic  

zone w here th e y  w i l l  be p h o to s y n th e s is in g  and grow ing (Lund,

1 9 5 9 ).

3 . W ind-induced  movements can  a f f e c t  th e  s p a t i a l  hom ogeneity  o f  

a  p o p u la tio n  (H eaney, 1 9 7 6 ).

4 .  The d e p th  o f  th e  e p i l im n io n  v a r i e s  th ro u g h o u t th e  summer ( s e e  

(Grimshaw & H udson, 1970) b u t 8 m i s  ta k e n  as th e  b e s t  

ap p ro x im a tio n  ( s e e  R eynolds & R ogers, 1 9 7 6 ).
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T ab le  7e R o s th e rn e  M ere: p h y to p la n k to n  -  s e s to n  -  sed im en t

A lga E s tim a te d  
a r e a l  
d e n s i ty  

in d iv id u a l s  cm"^

T o ta l  tr a p p e d  
a t  d e p th

•_2
in d iv id u a l s  cm

C ores 
Y* -  Z*

in d iv id u a l s  cm-2

S te p h a n o d isc u s
a s t r a e a

174 885 30 m 740 496

20 m 578105 -  518 884

8 m 3 5 8 1 7 0 -  386 764 477 0 0 0 -  223 600

S te p h a n o d isc u s
h a n tz s c h i i

385 014 30 m 2968 520

A s t e r io n e l l a
fo rm osa

591 405 30 m 11 854 080

M e lo s ira
v a r ia n s

400 30 m 88 296

20 m 54 096 -  130 368

N i tz s c h ia
p a le a

1 151 280 30 m 1 667 1 00

M ic ro c y s tis
a e ru g in o sa

137 280 30 m 49 678
c o lo n ie s 20 m 102 418 -  174 665 

8 m 64 078 -  88 418

O s c i l l a t o r i a
a r g a r d h i i

715 806 mm 30 m 3458 mm

20 m 390 -  15 483 mm

8 m 39 -  130 mm 560 mm

C h lo r e l la 13153 000 a l l  None 
d e p th s

None

Cryptom onas & 
Rhodomonas

790 320 a l l  None 
d e p th s

None
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5 . The sam pling  i n t e r v a l  may n o t  c o in c id e  w ith  th e  maximum 

p o p u la t io n  w hich  in  any c a s e  may u n d e r re p re s e n t  th e  annual 

p ro d u c tio n .

6 . T rap  p erfo rm an ce  ca n  v a ry ,  e s p e c i a l l y  in  tu r b u le n t  flow  

(R eyno lds, 1979c; P e n n in g to n , 1 9 7 4 ).

7 . D u r i n g  i s o t h e r m a l  m i x i n g  a l l  t h e  t r a p s  m a y  b e  i n  t u r b u l e n t  

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

t h e  s a m e  d i a t o m  ( s a y )  m a y  p a s s  n e a r  t h e  t r a p  o n  m o r e  t h a n  o n e  

o c c a s i o n .

D e s p ite  th e  ap p ro x im a te  n a tu r e  o f  th e  e s t im a te s ,  th e  d i f f e r e n c e

betw een th e  p h y to p la n k to n  d e n s i ty  and th e  t o t a l  number o f  a lg a l  rem ain s

i s  t y p i c a l l y  w ith in  an o r d e r  o f  m a g n itu d e , f o r  th e  r e s i s t a n t  adgae

( t a b l e  7 e ) .  N ot u n e x p e c te d ly  th e  l a r g e s t  d i f f e r e n c e s  a re  to  be found

am ongst th o s e  a lg a e  w hich  have n o t  been  re c o rd e d  in  th e  r e c e n t  s e d im e n ts .

T h e re fo re  more th a n  13 m i l l i o n  C h lo r e l l a  and 700 000 Cryptom onads w hich
2

p o t e n t i a l l y  c o u ld  have se d im e n te d  o n to  1 cm o f  la k e  bed e i t h e r  

decomposed r a p id ly  o r  w ere  consum ed by g ra z in g  z o o p la n k to n . Sm all 

a lg a e  w ere d i f f i c u l t  t o  s e e  i n  f r e s h  sed im en t b u t i t  i s  e x tre m e ly  

u n l ik e ly  t h a t  such  l a r g e  num bers w ould have been e n t i r e l y  o v e rlo o k e d . 

R eynolds (1976) found  few  cryp tom onads in  s e s to n  t r a p s  p la c e d  in  C rose  

Mere and r a i s e d  ev e ry  3 -4  d a y s . A lm ost a l l  th e  r e c o v e r i e s  w ere made 

in  J u ly  when he o b se rv ed  a  s e a s o n a l  minimum o f  z o o p la n k te r s ,  e s p e c i a l l y  

h e rb iv o ro u s  r o t i f e r s ,  w hich  re d u c e d  th e  g ra z in g  p r e s s u r e  on th e  

p o t e n t i a l  fo o d  o rg an ism s.

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

1978. T h e  m e a n  f i l a m e n t  l e n g t h  i n c r e a s e d  w i t h  d e p t h  w h i c h  m a y  i n d i c a t e  

g r e a t e r  d i s i n t e g r a t i o n  o r  d e c o m p o s i t i o n  i n  t h e  u p p e r  t r a p s .  H o w e v e r  

G i b s o n  & S t e v e n s  (1979) f o u n d  t h e  a v e r a g e  l e n g t h  o f  O s c i l l a t o r i a  a g a r d h i i
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f i l a m e n ts  in  Lough Neagh was g r e a t e s t  a t  th e  b eg in n in g  o f  th e  y e a r  bu t 

s h o r te n e d  as  th e  n u t r i e n t  c o n c e n tr a t io n  in  th e  w a te r  f e l l .  I t  i s  

p o s s ib le  t h a t  th e  l a r g e r  f i l a m e n ts  in  th e  bo ttom  t r a p s  may have 

sed im en ted  from  e a r ly  p o p u la t io n s  w h ile  th e  s h o r t  f i l a m e n ts  r e f l e c t  

l a t e r  p o p u la t io n s .  The mean f i la m e n t  l e n g th  in  th e  p h y to p la n k to n  o f 

R o s th e rn e  Mere ( t a b l e  7d) was g r e a t e s t  f o r  th e  f i r s t  few m onths in  th e  

y e a r .  However v e ry  few  o f  th e s e  lo n g  f i l a m e n ts  w ere p r e s e n t  ( f ig u r e  7 .8 )  

and even  d u r in g  th e  summer th e  mean le n g th  in  th e  p la n k to n  was >  220 

com pared w ith  c i r c a  50 pm in  th e  u p p er t r a p s .  The t r a p s  r a i s e d  in  

J a n u a ry  1979 c o n ta in e d  v i r t u a l l y  no O s c i l l a t o r i a  d e s p i t e  th e  s iz e a b le  

p la n k to n ic  p o p u la t io n  p r e s e n t  when th e  t r a p s  w ere s e t .  T h is  i s  

i n t e r p r e t e d  a s  in d ic a t in g  t h a t  u n h e a l th y  o r  m oribund c e l l s  q u ic k ly  

d i s i n t e g r a t e  and decom pose. Lund (1978) o b se rv ed  th e  r a p id  d i s i n t e g r a ­

t i o n  o f  O s c i l l a t o r i a  p o p u la t io n s  in  B lelham  T arn  ( i n  1973) by f i r s t l y  

p a r a s i t i s m  and g ra z in g  fo llo w e d  by sudden  l y s i s .

The a r e a l  d e n s i ty  o f  p la n k to n ic  d ia to m s in  th e  s e s to n  c o r re sp o n d s , 

w ith in  an o rd e r  o f  m ag n itu d e , to  th e  e s t im a te s  d e r iv e d  from  th e  p la n k to n  

c o u n ts .  R eynolds (1976) a l s o  found  a  ro u g h  c o r r e l a t i o n  betw een c a tc h e s  

o f  M e lo s ira  g r a n u la ta  in  s e s to n  t r a p s ,  s i t u a t e d  n e a r  th e  sed im en t s u r f a c e

o f  C rose  M ere, and th e  s ta n d in g  c ro p .

M e lo s ira  v a r ia n s  was commonly re c o rd e d  in  th e  s e s to n  t r a p

m a te r ia l  b u t o n ly  r a r e l y  in  th e  p la n k to n . I t  i s  t y p i c a l l y  found  in

th e  muds, o f te n  in  ponds, d i t c h e s  and slow  f lo w in g  r i v e r s  (W est &

F r i t s c h ,  1927) and in  R o s th e rn e  p ro b a b ly  f l o u r i s h e s  in  th e  in f lo w s  and 

l i t t o r a l  a r e a s .  The d e n s i ty  o f  e n tra p p e d  f r u s t u l e s  was up to  th r e e  

o rd e rs  o f  m agn itude  g r e a t e r  th a n  th e  e s t im a te  d e r iv e d  from  th e  s ta n d in g  

c ro p  (T ab le  7 b ) .  The l a t e r a l  d i s p e r s io n  o f  M e lo s ira  v a r ia n s  to  th e  

deep w a te r  t r a p s  s u g g e s ts  t h a t  t h i s  a lg a  i s  r a p id l y  re su sp en d ed  in  th e  

l i t t o r a l  zones and s u b se q u e n tly  d e p o s i te d .
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The g r e a t e r  number o f  a lg a l  rem a in s  w ere re c o v e re d  from  th e  

t r a p s  d u r in g , o r j u s t  a f t e r ,  p e r io d s  o f  abundance in  th e  open w a te r  

( c f .  G a s i th ,  1976; R eyno lds, 1 976b ). F o r exam ple th e r e  w ere few *out 

o f  season* d ia to m s found in  th e  c e n t r e  bo ttom  t r a p s  ( f ig u r e  7 .6 b ) .

T h is  may be in d i c a t i v e  o f  e i t h e r  l i t t l e  r e s u s p e n s io n  o f  p a r t i c u l a r ,  

s m a ll ,  a lg a e  o r  a sm a ll c ro p  o f  l i t t o r a l  s p e c ie s .  R o s th e rn e  Mere has 

a  r e l a t i v e l y  sm a ll l i t t o r a l  a r e a  and s te e p  g r a d ie n ts  ( s e e  b a th y m e tr ic  

map -  f i g u r e  7*1) î  th e r e f o r e  n o t  o n ly  i s  a  sm a ll p ro p o r t io n  o f  th e  laüce 

s u i t a b l e  f o r  l i t t o r a l  a lg a e  b u t a l s o  o n ly  a  sm a ll a r e a  i s  s u b je c te d  to  

tu r b u le n t  m ix ing  ( c f .  P en n in g to n  1 9 7 4 ). R o s th e rn e  has a  s p a r s e  

m acrophy te  community and d u r in g  th e  l a s t  f i f t e e n  y e a r s  th e  p r e v io u s ly  

common l i l i e s  have d e c l in e d  m arked ly  ( t . V a il  -  p e r s o n a l com m unication) 

and hence th e  number o f  e p ip h y te s  may be s m a ll .

U n le ss  re su sp en d ed  by wave a c t io n  b re a k in g  th e  sed im en t 

s u r f a c e  i t  i s  l i k e l y  t h a t  m ost a lg a e  on th e  se d im e n ts  a re  p r o te c te d  

from  su b se q u e n t movement by th e  la m in a r  s u b - la y e r  a t  th e  sed im en t-  

w a te r  bou n d ary . Sm ith (1975) s t a t e s ;

" . . .  a lg a e  in  la k e s  w hich , i f  th e y  have s e t t l e d  on 

th e  bed , a re  n o t  l i k e l y  to  be l i f t e d  back up in  

th e  c u r r e n t " .

The d e g re e  o f  re s u s p e n s io n  may be a f f e c t e d  by th e  c e l l  m orphology and 

s p e c i f i c  g r a v i t y ,  p lu s  th e  p o s i t i o n  o f  th e  a lg a  r e l a t i v e  to  th e  i n t e r ­

f a c e .  M e lo s ira  v a r ia n s  commonly form s l a r g e ,  " f l u f f - l i k e "  b a l l s  

( j .V .G . Lund -  p e rs o n a l com m unication) and as  such  may ex te n d  o u t o f  

th e  boundary  la y e r  to  be e i t h e r  re su sp e n d e d  o r  'r o l l e d *  down th e  la k e  

bed . The l a t t e r  i s  a  form  o f  sed im en t fo c u s s in g  (ten d e n cy  f o r  

sed im en t t o  accum ula te  in  th e  d e e p e s t p a r t  o f  th e  b a s in )  w hich Lehman

( 1975) s t a t e s  may be g r e a t e r  in  b a s in s  shap ed  l i k e  a h y p e rb o lo id , such



210

as  R o s th e rn e . Few f r u s t u l e s ,  o r  a g g re g a te s ,  o f  M e lo s ira  v a r ia n s  would 

be n o te d  in  th e  p la n k to n  i f  e i t h e r  th e y  w ere r o l l e d  down th e  bed o r  

re su sp en d ed  in  h ig h ly  t u r b u le n t  c o n d i t io n s  ( e .g .  in  g a le s  and s to rm s) 

w hich may n o t  c o in c id e  w ith  a  sam p lin g  d a t e .  I t  w ould ap p e a r t h a t  

th e  a lg a  i s  r a p id l y  removed from  th e  l i t t o r a l  a r e a s  s in c e  i t  was o n ly  

tra p p e d  in  q u a n t i ty  fo llo w in g  p e r io d s  o f  abundance and n o t  th ro u g h o u t 

th e  y e a r .  I t  may be e x p e c te d  th a t  a  l a r g e ,  l i g h t  a lg a  such  as  

M ic ro c y s tis  w ould a l s o  be s u s c e p t ib le  to  re s u s p e n s io n  e s p e c i a l l y  as i t  

s in k s  in  autumn when r e s u s p e n s io n ,  in  s t r a t i f i e d  la k e s ,  i s  t y p i c a l l y  

g r e a t e s t  (D a v is , 1 9 7 3 ). S im i la r  to  M e lo s ira  v e ir ia n s , sm a ll num bers 

o f  M ic ro c y s tis  a e ru g in o s a  w ere found  in  th e  t r a p s  th ro u g h o u t th e  y e a r  

b u t o n ly  1-7% c o u ld  be d e s c r ib e d  as  "o u t o f  seaison*. T rap  r e c o v e r ie s  

o f  M ic ro c y s t is  a e ru g in o s a  a re  a l s o  com parab le  w ith  th e  c y c le  o f  

buoyancy and v e r t i c a l  d i s t r i b u t i o n  g iv e n , f o r  R o s th e rn e  M ere, by 

R eynolds & R ogers (1 9 7 6 ) .

The an n u a l in c re m e n t o f  s e s to n  a c c u m u la tio n  in  1978 was 1 .2 4 -  

2 .02  cm w h ile  th e  d e p th  c o l l e c t e d  in  th e  l a s t  f i v e  m onths o f  1977 was 

2 .2 1 -3 .9 2  cm ( i f  th e  J a n u a ry  to  A ugust f i g u r e s  f o r  1978 a r e  added to  

th e  l a t t e r  e s t im a te  th e  an n u a l in c re m en t becomes c i r c a  3 .1 3 -4 .8 4  cm ).

The d i f f e r e n c e  betw een  th e  f i g u r e s  i s  a t t r i b u t a b l e  to  th e  l a r g e  number 

o f M ic ro c y s tis  c o lo n ie s  in  th e  s e s to n  in  1977. T h is  i s  in  acc o rd an ce  

w ith  th e  o b se rv e d  a c c e le r a t io n  in  th e  r a t e  o f  sed im en t a c c u m u la tio n , in  

th e  sed im en t c o r e s ,  a s s o c ia te d  w ith  th e  in c re a s e d  fre q u e n c y  and s ta n d in g  

crop  o f  M ic ro c y s t i s  in  th e  m ere s in c e  th e  l a t e  n i n e t e e n - f i f t i e s  ( s e e  

C h ap te r 5 ) .

T h e re fo re  th e  s e s to n  t r a p s  have shown t h a t  a lg a l  s e d im e n ta t io n  

in  R o s th e rn e  Mere i s  d i s c r e t e ,  and th e r e  i s  l i t t l e  a r e a l  v a r i a t i o n  in  

th e  d e e p e r a r e a s  o f  th e  l a k e .  T h ere  i s  good c o rre sp o n d e n c e  betw een
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s ta n d in g  c ro p  and a lg a l  re m a in s , a lth o u g h  many sm all u n i c e l l u l a r ,  non- 

d ia to m aceo u s a lg a e  decom pose r a p id ly  o r  a re  consumed by h e rb iv o re s  and 

w ere n o t  o b se rv e d  in  th e  s e s to n  o r  c o r e s .
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CHAPTER EIGHT; GENERAL DISCUSSION AND CONCLUSIONS 

1 . ALGAL PRESERVATION

T h is  s tu d y  has shown th a t  on ly  s p e c i f i c  a lg a l  rem ains a re

p re se rv e d  in  th e  r e c e n t  sed im en ts  o f  c e r t a in  la k e s  ( t a b l e  8 a ) .  The 
a s s e m b l a g e s

a lg a l/fo u n d  in  th e se  B r i t i s h  s i t e s  a re  s im i la r ,  in  co m p o sitio n , to  th o se  

reco rd ed  in  th e  U .S .S .R . sa p ro p e l d e p o s i t s .  The a lg a l  ta x a  w hich a re  

p re se rv e d  in  th e  d e p o s i t s  t y p i c a l ly  in c lu d e  th e  dom inant summer s p e c ie s  

and o f te n  r e p re s e n t  th e  bu lk  o f  th e  annual b iom ass, f o r  exam ple 

C eratium  h i r u n d in e l l a  o r M ic ro c y s tis  a e ru g in o sa  in  E lle sm ere  Mere and 

R ostherne Mere and A phanothece e leb an s  in  Upton B road . A lgae w hich 

a re  n o t re c o rd e d  in  e i t h e r  t h i s  s tu d y  o r in  th e  sa p ro p e l d e p o s i t s  a re  

t y p i c a l ly  th e  s m a lle r ,  u n i c e l l u l a r ,  a lg a e ; f o r  exam ple C h o r e l la ,

H onoraphidium , Cryptom onas and Rhodomonas. Remains o f  f ila m e n to u s  

cilgae were n o t observed  in  th e  sed im en ts  below th e  f lo c c u la n t  s u r f a c e  

l a y e r s ,  ( e .g .  S p iro g y ra  -  Upton Broad; O s c i l l a t o r i a  -  E s th w a ite  W ater 

and R o sth ern e  Mere) bu t th e  a k in e te s  o f th e  f ila m e n to u s  b lu e -g re e n s  

Anabaena and Aphanizomenon were f re q u e n t .

a . D inophyceae

D in o f la g e l la te s ,  and in  p a r t i c u l a r  ta x a  re sem b lin g  th e  genus 

C era tium , have been found as f o s s i l i s e d  c y s ts  in  Lower C re ta c e o u s  

s t r a t a  (W all & E v i t t ,  1975; see  a ls o  S a r je a n t  1 974 ). However re c o rd s  

o f C eratium  p re s e rv a t io n  in  f re s h w a te r  sed im en ts  a re  s p a r s e .  Korde 

(1966) o b serv ed  th a t  C eratium  and P e rid in iu m  rem a in s  were e x c lu s iv e  to  

th e  topm ost d e p o s i t s  o f th e  U .S .S .R . s a p ro p e ls  and Nipkow (1927) 

reco rd ed  c y s ts  o f  C eratium  h i r u n d in e l l a  in  th e  v a rv ed  sed im en ts  o f
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T a b l e  8 a  N o n - s i l i c e o u s  a l g a l  r e m a i n s  i n  l a k e  s e d i m e n t s
( b e l o w  5  c m )
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Lake Z u ric h . Nipkow e x p l i c i t l y  m entioned th e  p resen ce  o f c y s ts  th a t  

form ed d u rin g  th e  y e a rs  1915-1925 bu t when th e se  v arv es  were exam ined, 

in  a co re  ta k en  in  1972, n o t a s in g le  c y s t  was observed  and W all & E v i t t  

concluded  th a t  th e y  had decom posed. The c y s ts  o f  C eratium  h i r u n d in e l l a  

in  th e  sed im en ts  o f R o sth ern e  M ere, a lth o u g h  devoid  o f  c o n te n ts ,  a re  

re c o g n is a b le  in  m a te r ia l  l i k e l y  to  be over 100 y e a rs  o ld  and th i s  

ap p ea rs  to  be th e  lo n g e s t  re c o rd  f o r  th e  p re s e rv a t io n  o f t h i s  a lg a .

b . Cyanophyceae

The c o lo n ia l  b lu e -g re e n  a lg a l  rem ains reco rd ed  in  th e  sed im en ts  

o f R o sth ern e  M ere, E lle sm ere  Mere and Upton Broad b ea r a  s t r i k i n g  

resem blance  to  th e  Cyanophyceae rem ains found in  th e  sa p ro p e l d e p o s i t s ;

" C o l o n y - f o r m i n g  b l u e - g r e e n  a l g a e  l i k e ,  f o r  i n s t a n c e ,  

c e r t a i n  r e p r e s e n t a t i v e s  o f  t h e  g e n e r a  G lo e o c a p s a   ̂

G l o e o t h e c e , M i c r o c y s t i s , A p h a n o c a p s a  a n d  A p h a n o t h e c e  

c i r e  v e r y  w e l l  p r e s e r v e d  i n  c e r t a i n  o o z e s ;  a l s o  

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

a l l  t h e  l a y e r e d  m e m b r a n e s  w h i c h  u s u a l l y  e x h i b i t  

s l i g h t l y  c o n t a b e s c e n t  [ =  a t r o p h i e d ]  p a l e  c e l l s .

I t  has been found th a t  th e se  form s a re  p a i r t ic u la r ly  

w e ll p re s e rv e d  in  c a lc a re o u s  d e p o s its "  (K orde, 1966). 

M ic ro c y s tis  has o n ly  r e c e n t ly  ( a f t e r  1958) become abundant in  R ostherne  

Mere bu t th e  A phanothece e le b a n s  found in  Upton Broad are p ro b ab ly  up 

to  400 y e a rs  o ld ,  com parable w ith  some o f th e  sa p ro p e l rem a in s . 

A phanothece (= C o c c o c h lo r is ) e le b a n s  was a ls o  found in  th e  sed im en ts  

of Mud Lake, F lo r id a  (B rad ley  & B eard , 1969).
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A k in e te s  o f  A nabaena and Aphanizomenon w ere re c o rd e d  in  

sed im en ts  o v e r  100 y e a r s  o ld  from  R o s th e rn e  M ere. T hese w ere found  

to  be v ia b le  i n  se d im e n t o v e r 70 y e a r s  o ld  in  th e  c a s e  o f  A nabaena and 

o v e r 35 y e a r s  f o r  Aphanizom enon.

The s e d im e n ts  o f  Lake Z u ric h  c o n ta in  f i la m e n ts  o f  O s c i l l a t o r i a  

(Nipkow, 1920 ) b u t  K e l t s  & Hsu (1978) d e s c r ib e d  th e s e  as  "d ecay in g  

th r e a d s " .  A l a r g e  s ta n d in g  c ro p  o f  O s c i l l a t o r i a  in  R o s th e rn e  Mere 

has g iv e n  a  f u t u r e  o p p o r tu n i ty  to  s tu d y  i t s  p r e s e r v a t io n  in  th e  s e d i ­

m ents a l th o u g h  o b s e r v a t io n s  o f  e n tra p p e d  s e s to n  in d ic a te d  t h a t  th e  

f i l a m e n ts  may d i s i n t e g r a t e  r a p id l y  ( s e e  a l s o  Lund, 1 9 7 8 ).

c .  C h lo ro p h y ceae

A p a rt from  th e  d esm id s , g re e n  a lg a e  a re  o f te n  p o o r ly  r e p r e s e n te d  

in  l a c u s t r i n e  s e d im e n ts .  P e d ia s tru m  i s  h ig h ly  r e s i s t a n t  to  decom posi­

t i o n  and i t s  p r e s e r v a t io n  i s  w id e sp re a d . C o e la s tru m , re c o rd e d  in  th e  

Meres s i t e s ,  a p p e a re d  l e s s  r e s i s t a n t  b u t was re c o rd e d  by B irk s  (1976) 

in  th e  d e p o s i t s  o f  V o lf  C re e k , Scenedesm us was common in  th e  d e p o s i t s  

o f  th e  v e ry  r i c h  ponds o f  P r i e s t  P o t and E l te r w a te r  -  in n e r  b a s in ,  

however t h e r e  was no e v id e n c e  o f  lo n g - te rm  p r e s e r v a t io n  (b u t  s e e  B irk s ,  

1976) .  K orde (1966) a l s o  re c o rd e d  B o try o c o c c u s , P h aco tu s  and T e tra e d ro n  

in  th e  s a p ro p e l  d e p o s i t s ;  th e s e  a lg a e  a re  a l l  p r e s e n t ,  a l b e i t  in  sm a ll 

num bers, in  th e  p h y to p la n k to n  o f  E lle sm e re  Mere (R ey n o ld s, 1973) b u t 

w ere n o t  o b se rv e d  in  th e  s e d im e n ts .

D esm ids a r e  f r e q u e n t ly  p re s e rv e d  in  th e  sed im en ts  o f  a c id  

w a te rs  and in  p e a t  b o r in g s  ( e . g .  M essikommer, 1 9 3 8 ). The commonly 

found s p e c ie s  a r e  Cosm arium , E uastrum  and S ta u ra s t ru m . K orde (1966) 

s t a t e s  t h a t  C lo s te r iu m , Penium  and M ic r o s te r ia s  d i s i n t e g r a t e  r e a d i l y .  

S p e c ie s  o f  S ta u ra s tru m  w ere re c o rd e d  in  m ost o f  th e  s i t e s  i n v e s t ig a t e d  

in  t h i s  s tu d y .
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d . E ug lenophyceae

A sm a ll number o f  T rachelm onas w ere re c o rd e d  in  th e  s u p e r f i c i a l  

sed im en ts  o f  E s th w a ite  and , in  p a r t i c u l a r ,  B lelham  T a m .

e .  C ry p to p h y ceae

T h is  i s  a  v e ry  common group  in  th e  p h y to p lan k to n  o f  th e  la k e s  

s tu d ie d  b u t i s  n o t  w e ll  p re s e rv e d  in  th e  se d im e n ts . The s e s to n  d a ta  

from  R o s th e rn e  Mere i n d i c a t e s  t h a t  few in d iv id u a l s  re a c h  th e  se d im e n ts , 

th e  rem a in d e r e i t h e r  decom pose o r ,  more p ro b a b ly , a r e  consumed by 

h e rb iv o re s  in  th e  w a te r  colum n.

f . C hrysophyceae

O nly th e  s i l i c e o u s  c y s t s  and s c a le s  a re  found  in  th e  se d im e n ts .

g . B a c i l la r io p h y c e a e

The s i l i c a  f r u s t u l e  o f  th e  d ia to m s i s  h ig h ly  r e s i s t a n t  and 

found in  m ost l a c u s t r i n e  s e d im e n ts .

h . X anthophyceae and Rhodophyceae

No in d iv id u a l s  o f  th e s e  g ro u p s w ere re c o rd e d  in  t h i s  s tu d y  o r  

by Korde ( i9 6 0 ,  1 9 6 6 ), b u t r e p r e s e n t a t i v e s  a re  n o t common in  th e  p h y to ­

p la n k to n  o f  th e  la k e s  s tu d ie d  and so  th e  l i k e l ih o o d  o f  f in d in g  rem ain s  

was s l i g h t .
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2. DECOMPOSITION

I f  th e  a lg a e  in  th e  s u r f a c e  sed im en ts  a r e  decom posed more s lo w ly  

th a n  th e  p h y to p la n k to n  a r e  sed im en ted  o n to  th e  la k e  bed th e n  a lg a l  

rem a in s  w i l l  te n d  to  a cc u m u la te .

A f te r  d e a th ,  u s u a l ly  cau sed  by u n fa v o u ra b le  ch em ica l and 

p h y s ic a l  c o n d i t io n s ,  th e  a lg a l  c e l l s  a u to ly s e  d u rin g  w hich tim e  th e  

s o lu b le  com pounds, such  a s  p h o sp h a te , a r e  r a p id ly  r e le a s e d  and decom posi­

t i o n  w i l l  commence (G olterm an  1 9 7 2 ). T here  i s  l i t t l e  e v id e n c e  o f  

b a c t e r i a  a t ta c k in g  l i v e ,  a c t iv e  a lg a e  ( c f .  F ra n k la n d , 1 9 7 4 ), b u t 

b a c t e r i a l  d e co m p o sitio n  i s  n e c e s s a ry  to  m in e ra l iz e  th e  m ain p a r t  o f  th e  

c e l l  c o n s t i t u e n t s  ( e . g .  th e  p r o t e i n s ) .

Compared to  th e  raac ro p h y tes , th e  p h y to p la n k te r s  c o n ta in  v e ry  

l i t t l e  s t r u c t u r a l  o rg a n ic  m a tte r  and a re  r e l a t i v e l y  e a s i l y  decomposed 

(G odshalk  & W e tz e l, 1 9 7 7 ). Thus much o f  th e  annuad a u to ch th o n o u s  

p ro d u c tio n  i s  r a p id l y  decom posed and o n ly  a  sm a ll f r a c t i o n  a c t u a l l y  

e n te r s  th e  se d im e n ts  (S a u n d e rs , 1 9 7 6 ). Deevey & S tu iv e r  (1964) 

e s t im a te d  t h a t  ab o u t 25% o f  th e  annual p ro d u c tio n  o f  th e  e u t ro p h ic  

L in s le y  Pond was in c o rp o ra te d  in to  th e  bo ttom  se d im e n ts . G olterm an

(1976) e s t im a te d  t h a t  50-80% o f  th e  p h y to p la n k to n  from  a  D utch  la k e  

was o x id is e d  by b a c t e r i a  in  th e  e p ilim n io n  and e a s i l y  decom posable 

compounds ( e . g .  s u g a r s ,  p r o te in s  and f a t s )  w ere r e c y c le d  w i th in  a  

m a tte r  o f  a  few  d a y s . O hle (1956) h as  su g g e s te d  t h a t  th e  o rg a n ic  

m a tte r  p ro d u ced  in  th e  p h o t ic  zone i s  decomposed and r e c o n s t i t u t e d  

in to  p h o to s y n th e t ic  m a tte r  two o r  th r e e  tim e s  b e fo re  i t  s e t t l e s  in  th e  

h y p o lim n io n .

A re v ie w  by F ra n k la n d  (1974) showed t h a t  t y p i c a l l y  one t h i r d  to  

two t h i r d s  o f  a l g a l  o rg a n ic  m a tte r  r e s i s t s  d e c o m p o s itio n . The r a t e  o f  

d e co m p o sitio n  v a r i e s  w ith  th e  p la n t  and th e  e n v iro n m e n t. The i n i t i a l
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d i s i n t e g r a t i o n  o f  th e  o rgan ism  may o ccu r v e ry  r a p id ly  b u t la b o ra to r y  

ex p e rim e n ts  i n d i c a t e  t h a t  t h i s  i s  fo llo w e d  by a  s lo w e r , a lm o st u n d e te c t ­

a b le ,  d e co m p o sitio n  (F o re e  & M cC arty, 1970; J e w e ll  & M cCarty, 1968; b u t 

se e  J o n e s ,  1 9 7 6 ).

A change in  en v iro n m e n ta l and b io lo g ic a l  c o n d i t io n s  may have a  

s i g n i f i c a n t  e f f e c t  on th e  r a t e  o f  d e c o m p o s itio n . F o ree  fic McCarty 

(1968) c i t e  te m p e ra tu re ,  pH, b a c t e r i a l  s e e d in g , a lg a l  s p e c ie s  and a lg a l  

c e l l  c o m p o sitio n  a s  im p o r ta n t f a c t o r s .  J e w e ll  & M cCarty (1968) o b ta in e d  

a lm o st co m p le te  i n h i b i t i o n  o f  d eco m p o sitio n  a t  4°C and G olterm an (1971) 

a l s o  fo u n d  low te m p e ra tu re  r e s t r a i n t  w ith  la k e  w a te r  e x p e rim e n ts .

G odshalk  & W etzel (1977) o b se rv e d  t h a t  low te m p e ra tu re s  and a  la c k  o f  

oxygen re d u c e d  th e  r a t e  o f  d eco m p o sitio n  o f  m acrophy te  re m a in s .

A lex an d e r (1965) n o te d  t h a t  th e  m ajo r acc u m u la tio n s  o f  o rg a n ic  

rem a in s  in  n a tu r e  w ere g e n e r a l ly  found  a t  s i t e s  w hich  w ere m o stly  o r  

e n t i r e l y  a n a e ro b ic .  However once a  zone becomes a n o x ic , d eco m p o sitio n  

does n o t  c e a s e ,  s in c e  b a c t e r i a l  r e s p i r a t i o n  w i l l  c o n t in u e  w ith  n i t r a t e  

o r  s u lp h a te  a s  th e  e l e c t r o n  a c c e p to r .  The i n a c t i v i t y  o f  m icro ­

o rgan ism s may be a t t r i b u t e d  to  (A lex an d e r, 1965) :

i .  p a r t i a l  o r  t o t a l  r e s i s t a n c e  o f  th e  s u b s t r a t e  to  d eco m p o sitio n

i i .  a  p a r t i c u l a r  env iro n m en t o r  l o c a l  c o n d i t io n  n o t  conducive  to  

m ic ro b ia l  l i f e  o r  to  th e  d e g ra d a tio n  o f  a  s p e c i f i c  compound. 

A lthough  th e  s i l i c e o u s  re m a in s , su ch  as  d ia tom  f r u s t u l e s  and C hrysophyceae 

c y s t s ,  f u l f i l  c o n d i t io n  ( i )  th e  n o n - s i l i c e o u s  a lg a l  rem ain s  o b v io u s ly  

c a n , and a r e ,  d eg rad ed  in  c e r t a i n  l a k e s .  The p re s e n c e  o f  a  b a c t e r i a l  

i n h i b i t o r  was h y p o th e s is e d  a s  a  f a c t o r  f o r  th e  p r e s e r v a t io n  o f  

A phanothece in  Mud L ake, F lo r id a  (B ra d le y  & B eard , 1 9 6 9 ). F o ree  &

M cCarty (1968) g iv e  exam ples o f  m ic ro b ia l  i n h i b i t i o n  2is :
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i .  h ig h  s u lp h id e  c o n c e n t r a t io n s

i i .  h ig h  l e v e l s  o f  a ro m a tic  b a c t e r i c i d e s

i i i .  h ig h  a c i d i t y ,  le a d in g  to  i n h i b i to r y  pH l e v e l s .

High s u lp h id e  l e v e l s  can  be a t t a i n e d  as  a r e s u l t  o f  s u lp h a te  r e d u c t io n .  

However in  n a t u r a l  s i t u a t i o n s  a  s i g n i f i c a n t  p o r t io n  o f  th e  s u lp h id e s  

can  e sc a p e , e i t h e r  by d i f f u s i o n  o r  by th e  r e l e a s e  o f  hydrogen s u lp h id e  

gcis (F o ree  & McCaurty, 1 9 6 8 ) . The sed im en ts  o f  b o th  U pton B road and 

R o sth e rn e  Mere b o th  sm e lt s t r o n g ly  o f  s u lp h id e .  However m ost o f  th e  

gas p r e s e n t  in  th e  c o r e s  i s  l i k e l y  to  be m ethane ( c f .  Chen e t  a l . ,1 9 7 2 ; 

Howard e t  a l . ,  1971; S n o d g ra s s , 1976) ëü.though  th e  m e th a n ^ s u lp h id e  

i n t e r a c t i o n  i s  n o t  one o f  s im p le  i n h i b i t i o n  and i s  more com plex ( c f .  

Z e ik u s , 1 9 7 7 ).

3 . SITES OF PRESERVATION

T hroughou t t h i s  s tu d y  th e  s i t e s  c o n ta in in g  a l g a l  rem ain s  in  

B r i t a in  have been  com pared w ith  th e  U .S .S .R . s a p ro p e l  d e p o s i t s .  B e fo re  

a s s e s s in g  w h e th e r th e  se d im e n ts  o f  R o s th e rn e  M ere, U pton B road and 

E lle sm ere  Mere c o u ld  be  d e s c r ib e d  as  ‘ sap ro p e l*  i t  i s  f i r s t  n e c e s s a ry  

to  s tu d y  th e  c h a r a c t e r i s t i c s  o f  th e  R u ss ian  d e p o s i t s .

Korde ( i9 6 0 )  d e f in e s  a  s a p ro p e l  a s  :

* • .. .  a  m odem  o r  s u b f o s s i l  c o l l o i d a l  d e p o s i t  o f  sm a ll g r a in  

s i z e  in  a c o n t in e n ta l  l a k e ;  i t  c o n ta in s  much o rg a n ic  

m a te r i a l  and many i d e n t i f i a b l e  rem a in s  o f  m ic ro sc o p ic  

o rg a n ism s , a  c e r t a i n  amount o f  in o rg a n ic  m a te r ia l  o f  

b io l o g ic a l  o r i g i n ,  and f o r e ig n  m in e ra l s u b s ta n c e s .  A 

s a p ro p e l  d i f f e r s  from  a  p e a t  d e p o s i t  in  h av in g  s t r u c t u r e  

o f  sm a ll s c a l e  . . . . * '
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K o r d e  m a k e s  t h e  d i f f e r e n t i a t i o n  b e t w e e n  l a k e  d e p o s i t s  a n d  s a p r o p e l s  a t  

a n  o r g a n i c  c o n t e n t  o f  1 5 % .  L a k e  m u d s  h a v e  l e s s  t h a n  15 %  o r g a n i c  

m a t t e r  w h i l e  s a p r o p e l s  ' p r o p e r *  h a v e  g r e a t e r  t h a n  50%  o r g a n i c  m a t t e r  

a n d  a  ' d e p l e t e d *  s a p r o p e l  c o n t a i n s  1 5 - 5 0 % .  T o  t a k e  a n  e x a m p l e ,  t h e  

t o p m o s t  s e d i m e n t s  ( d o w n  t o  3 0  c m )  f r o m  L a k e  B o l ' s h o i  T a r a s - K u l *  a r e  a  

b r o w n - g r e e n ,  s e m i l i q u i d  w i t h  a n  o r g a n i c  c o n t e n t  o f  7 9 %  a n d  c o m p o s e d  

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

a n d  p r o t o z o a .

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

a p p r o x i m a t e l y  2 : 1  i n  s a m p l e s  o f  a  h i g h  o r g a n i c  c o n t e n t  ( M a c k e r e t h ,  1 9 6 6 )  

a n d  s o  t h e  s u r f a c e  s e d i m e n t s  o f  P r i e s t  P o t  a r e  t h e  o n l y  o n e s  s t u d i e d  

t h a t  c o u l d  b e  d e s c r i b e d  a s  s a p r o p e l  ' p r o p e r *  o n  t h e  b a s i s  o f  o r g a n i c  

c o n t e n t  ( t a b l e  8 b )  w h i l e  t h e  r e m a i n d e r  a r e ,  a p p a r e n t l y ,  ' d e p l e t e d *  

s a p r o p e l s .  T h e  d e p o s i t s  o f  U p t o n  B r o a d  w h i c h  c o n t a i n  f e w  m i n e r a l  

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

a l g a l  r e m a i n s  o n l y  h a v e  a  s u r f a c e  c a r b o n  c o n t e n t  o f  22 %  ( s e e  a l s o  

M o s s  e t  a l . ,  i n  p r e s s )  w h i l e  t h e  a l g a l  o o z e s  o f  t h e  U . S . S . R .  h a v e  v a l u e s  

i n  e x c e s s  o f  4 0 %  ( K o r d e ,  I 9 6 0 ,  1 9 6 6 ) .  T h e  s a p r o p e l  d e p o s i t s  m u s t  

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

o r g a n i c  c a r b o n  c o n t e n t  o f  p l a n k t o n i c  a l g a e  i s  t y p i c a l l y  4 0  t o  5 0 % ,  

a l t h o u g h  d i a t o m s  m a y  b e  l e s s  ( L u n d ,  1 9 6 4  a n d  p e r s o n a l  c o m m u n i c a t i o n ) .  

The sediments and algal remains of Rostherne Mere,

U p t o n  B r o a d  a n d ,  t o  s o m e  e x t e n t ,  E l l e s m e r e  M e r e  s h o w  s o m e  c o r r e s p o n ­

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

m a t e r i a l  a n d  m a n y  i d e n t i f i a b l e  r e m a i n s  o f  m i c r o s c o p i c  o r g a n i s m s "  ( K o r d e ,

I 9 6 0 ) .  T h e s e  t h r e e  l a k e s  s h o w  s o m e  s i m i l a r i t i e s  t o  e a c h  o t h e r  a n d  

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

( t a b l e  8 b ) .  F o r  e x a m p l e  :
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i )  R ostherne  and E lle sm ere  c o n ta in  l i t t l e  b e n th ic  fau n a  (no 

d a ta  a v a i la b le  f o r  Upton Broad) 

i i )  The sed im en ts  a re  deoxygenated  f o r  p a r t ,  i f  n o t a l l ,  th e  y e a r .
on

The p re se n c e  o f th e  su lp h u r  b ac te riu m  A c h rô m a t iu m  /th e  mud- 

w a te r in t e r f a c e  o f Upton Broad may in d ic a te  anox ic  sed im en ts  

d e s p i te  th e  sha llo w  w a te r d ep th  

i i i )  The la k e s  have la rg e  s ta n d in g  c ro p s  o f  a lg a l  ta x a  w hich a re

n o t r a p id ly  decomposed o r consumed by h e rb iv o re s  ( e .g .  c o lo n ia l  

b lu e -g re e n s )

iv )  The r a t e  o f  sed im ent accum ula tion  i s  h igh  (a lth o u g h  th e  mean 

annucd increm en t has been low er in  Upton Broad p r io r  to  1935 -  

Moss e t  a l . , in  p re s s )

I t  i s  beyond th e  scope o f t h i s  s tu d y  to  in v e s t ig a te  w hich o f 

th e  above f a c t o r s  e i t h e r  c a u se , o r  a re  a  r e s u l t  o f ,  th e  c o n d i t io n s  

a c t in g  to  p re s e rv e  a lg a l  rem ains in  l a c u s t r i n e  sed im en ts . However 

th e  f e a tu r e  commonly found a t  s i t e s  o f a lg a l  p r e s e rv a t io n  i s  th e  h igh  

p ro d u c t iv i ty  o f  r e s i s t a n t  ta x a .

High a lg a l  p ro d u c t iv i ty  can e i t h e r  be p la n k to n ic  ( e .g .  R o sth e rn e  

Mere) o r b e n th ic  ( e .g .  Upton B r o a d jb u t  i f  p la n k to n ic ,  th e  a lg a l  rem ains 

must re a c h  th e  la k e  bed and n o t decompose in  th e  ep ilim n io n  to  a d eg ree  

making i d e n t i f i c a t i o n  im p o ss ib le . The a e ro b ic  decom position  o f  

o rg a n ic  d e b r is  in  th e  sed im en ts  o r  in  th e  w a te r , below th e  th e rm o c lin e , 

may d e-oxygena te  th e  sed im en ts  and su b se q u e n tly , depending on th e  la k e  

m orphom etry, th e  hypo lim nion . The o rg a n ic , s e a s o n a lly  red u ce d , 

sed im en ts o f th e  p ro d u c tiv e  E s th w a ite  W ater c o n ta in  many b e n th ic  a n im a ls ; 

however th e  la c k  o f  b en thos in  th e  deep -w ate r sed im en ts  o f some S h ro p s h ire -  

C h esh ire  m eres can be r e l a t e d  to  th e  e a r ly  o n se t o f summer s ta g n a t io n  

and h y p o lim n e tic  deo x y g en a tio n  (Tait-Bowman, 1976 -  c i t e d  in  R eyno lds,
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1 9 7 9 a). The ' l i f e l e s s *  zone o f  R o s th e rn e  Mere i s  th o u g h t to  be  a 

r e s u l t  o f  th e  c o n t in u a l ly  d eo x y g en a ted  sed im en ts  (B r in k h u rs t & W alsh, 

1967)1 a  c o n d i t io n  w hich  i s  m a in ta in e d  d e s p i t e  th e  o v e r ly in g  o x y g en a ted  

w a te rs  d u r in g  th e  w in te r .  However, th e  in v e r t e b r a t e  community can  

b e , in  some p a r t ,  r e s p o n s ib le  f o r  o x y g en a tin g  th e  s u p e r f i c i a l  sed im e n ts  

s in c e  th e  s t i r r i n g  c r e a te d  by th e  a c t io n  o f  burrow ing  an im als  in c r e a s e s  

th e  in f lu x  o f  o x y g en a ted  w a te r  in t o  th e  se d im e n ts , in  a d d i t io n  t o  

f a c i l i t a t i n g  th e  movement o f  d is s o lv e d  g a se s  and s o lu te s  ( P e t r ,  1977) 

a lth o u g h  t h i s  n e c e s s i t a t e s  th e  p re s e n c e  o f  oxygen in  th e  w a te r  above 

th e  se d im e n ts . L a b o ra to ry  e x p e r im e n ts  by Z vetkova (1973 -  c i t e d  in  

P e t r ,  1977 ) showed t h a t  th e  r a t e  o f  b io c h e m ic a l o x id a t io n  o f  o rg a n ic  

m a tte r  in c re a s e d  1 .5 - 2 .0  tim e s  in  th e  p re se n c e  o f  t u b i f i c i d s .  However 

i t  i s  n o t  s t a t e d  w h e th e r th e  a n im a ls  d ig e s t  th e  a lg a l  rem ain s  o r  s tim u ­

l a t e  th e  b a c t e r i a  w hich  th e n  decom pose th e  a lg a e  a t  a  h ig h e r  r a t e .  

M oreover th e  ab sen ce  o f  b e n th o s  i s  n o t  a n e c e s s a ry  c r i t e r i o n  f o r  th e  

p r e s e r v a t io n  o f  a lg a l  rem a in s  s in c e  th e  a lg a l  ooze o f  Mud L ake, F lo r id a ,  

c o n s i s t s  p re d o m in a n tly  o f  th e  f a e c a l  p e l l e t s  p roduced  by ch iro n o m id  

la rv a e  (B ra d le y  & B ea rd , 1969) w h ile  th e  sed im en ts  o f  Upton B road  a re  

s im i l a r l y  d e s c r ib e d  by Moss e t  a l . ( i n  p r e s s ) .  The w a te rs  o f  b o th  

la k e s  a r e  v e ry  sh a llo w  ( < 1 m) and o x y g en a ted , a lth o u g h  th e  s u r f a c e  

sed im en ts  a r e  p o s s ib ly  a n a e ro b ic .  However U pton B road i s  f lo o r e d  by 

a  mat o f  l i v i n g  a lg a e  w hich  may r e s t r i c t  th e  b a c t e r i a l  d eco m p o sitio n  o f  

th e  sed im en ts  b e n e a th  s in c e  i t  h as  been  su g g e s te d  th a t  l i v e  a lg a e  have 

a  d e fe n c e  a g a in s t  b a c t e r i a  ( c f .  O ppenheim er & V ance, I960 ; G olueke & 

Oswald, 1966) .  B en ea th  th e  l a y e r  o f  l i v e  a lg a e  th e  sed im en ts  may be 

red u ce d  and d eco m p o sitio n  c o r re s p o n d in g ly  slo w .

R o s th e rn e  Mere and E s th w a ite  W ater a r e  s im i la r  in  t h a t  b o th  

p ro d u ce , o r  have p ro d u ced , l a r g e  c ro p s  o f  C era tiu m  h i r u n d i n e l l a , th e
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rem ain s  o f  w hich  a re  found in  th e  m a tu re  s e d im e n ts  o f  R o sth e rn e  b u t 

n o t  in  E s th w a i te .  In  C h ap te r 3 , two h y p o th e se s  w ere p u t fo rw ard  f o r  

th e  p re se n c e  o f  a  l i m i t e d  number o f  a lg a l  rem a in s  in  th e  p ro d u c tiv e  

la k e s  o f  th e  E n g lis h  Lake D i s t r i c t .  F i r s t l y  i t  was s u g g e s te d  t h a t  th e  

rem ain s  w hich showed some r e s i s t a n c e  ( i . e .  C e ra tiu m  c y s t s  r a th e r  th a n  

c e l l s  o f  Rhodomonas) decomposed w ith in  c i r c a  3 y e a r s  b u t th e  th ic k n e s s  

o f  sed im en t d e p o s i te d  d u rin g  t h i s  p e r io d  was g r e a t e r  in  th e  p ro d u c tiv e , 

r a t h e r  th a n  th e  u n p ro d u c tiv e , la k e s  and more c o n c e n tr a te d  in  rem ains 

b ecau se  o f  th e  l a r g e r  c ro p s .  S econd ly  i t  was p o s tu la te d  t h a t  decompo­

s i t i o n  was s lo w er in  th e  r i c h e r  la k e s  in  w hich  th e  hypo lim nion  became 

d eoxygena ted  d u r in g  th e  summer ( c f .  P e n n in g to n , 1 9 7 8 ). Expanding th e  

second  h y p o th e s is ,  i t  fo llo w s  t h a t  w ith  an in c r e a s in g  au to ch th o n o u s  

c o n t r ib u t io n  to  th e  s e d im e n ts , and co n c o m ita n t d e o x y g e n a tio n , decom posi­

t i o n  may p ro c e e d  a t  such  a  r a t e  t h a t  o n ly  th e  e a s i l y  m in e ra l iz e d  a lg a l  

ta x a  w ould d eca y , le a v in g  th e  more r e s i s t a n t  rem a in s  e .g .  M ic ro c y s tis  

c o lo n ie s ,  A nabaena a k in e te s  and P e d ia s tru m  c e l l  w a ll s  (b u t n o t  th e  

c o n te n t s ) .  T h e re fo re  t h i s  l a t t e r  h y p o th e s is  s u g g e s ts  t h a t  i f  E s th w a ite  

became in c r e a s in g ly  p ro d u c tiv e  th e n  a lg a l  rem a in s  w ould be more l i k e l y  

to  be fo u n d , p ro v id in g  th e  p h y to p la n k to n  c o n s i s te d  o f  some f a i r l y  

r e s i s t a n t  s p e c ie s  ( s e e  t a b le  8 a ) .

Sewage o x id a t io n  ponds, and s im i l a r  w a te r  b o d ie s ,  may n o t 

p re s e rv e  m ic ro sc o p ic  rem ain s  b e c a u se  o f  th e  a lg a l  co m p o sitio n  r a t h e r  

th a n  th e  se d im e n ta ry  en v iro n m en t. The e a s i l y  decom posed snà/ov 

consumed s m a l l ,  u n i c e l l u l a r  C h lo ro p h y ceae  and cryp tom onads a re  c h a r a c te r ­

i s t i c  o f  th e  p la n k to n  from  su ch  sm a ll l a k e s .  The g ra z in g  fo o d  c h a in , 

composed o f  fa u n a  such  êis c la d o c e ra n s ,  co p epods, r o t i f e r s  and p ro to z o a n s , 

may p r e f e r e n t i a l l y  ta k e  th e  s m a l le r  g re e n  a lg a e ,  p a r t i c u l a r l y  th e  

f i l t e r  f e e d e r s ,  and in  sm a ll w a te r  b o d ie s  vgist a lg a l  p o p u la t io n s  (m adnly
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n a n n o p lan k to n ) may be removed by g ra z in g  ( s e e  rev ie w  by Lund, 1965 ). 

Sushchenya (1961 -  c i t e d  in  Lund, 1965) fo u n d  t h a t  th e  l a r g e r  a lg a e , 

w hich a re  so  o f te n  th e  p redom inan t com ponents o f  l a r g e  p o p u la t io n s  and 

s u r f a c e  bloom s in  l a k e s ,  w ere n o t u t i l i s e d  by th e  zo o p lan k to n  p r e s e n t .  

E xperim en ts  by G olueke, Oswald & G o taas (1957) showed t h a t  th e  a n a e ro b ic  

d ig e s t io n  o f  a lg a l  c u l tu r e s  p ro ceed ed  a t  a  s lo w e r r a t e ,  and th e  b reak ­

down was l e s s  r a p id  o r  co m p le te , th a n  t h a t  o f  e i t h e r  raw sewage o r  a  

m ix tu re  o f  sewage p lu s  a lg a e .  The a lg a l  s lu d g e  w hich rem ained  c o n ta in e d  

a  l a r g e  p r o p o r t io n  o f  i n t a c t  c e l l s  o f  Scenedesm us and C h lo r e l la  s p e c ie s  

(a l th o u g h  th e y  c o u ld  n o t  be s u b - c u l tu r e d ) .  G olueke e t  a l . su g g e s t 

t h a t  th e  l i m i t e d  b a c t e r i a l  a c t i v i t y  in  th e  a lg a l  d ig e s t e r s  was due to  

m ic ro b ia l  i n h i b i t i o n  as  a  r e s u l t  o f  ammonia p ro d u c tio n . T h is  th e o ry  i s  

in  acc o rd an ce  w ith  t h a t  o f  B rad ley  & B eard  (1969) f o r  Mud L ake, who a l s o  

p o s tu la te d  b a c t e r i a l  i n h i b i t i o n .  The s e a le d  and a n a e ro b ic  f l a s k s  

c o n ta in in g  p la n k to n  and sed im en t from  E s th w a ite  W ater c o n ta in e d  i n t a c t  

h o rn s  from  th e  C era tiu m  c e l l s  a f t e r  s i x  m onths w h ile  th e y  w ere frag m en ted  

in  f l a s k s  w hich w ere l e f t  open (C h a p te r  7 ) .

The acc u m u la tio n  o f  a l g a l - r i c h  o rg a n ic  muds has a l s o  been 

r e p o r te d  to  ta k e  p la c e  in  a e ro b ic  e n v iro n m e n ts . Beauchamp (1964) 

d e s c r ib e s  th e  sh a llo w -w a te r  sed im en ts  o f  Lake V ic t o r i a  a s  ” . .  p a r t l y  

b roken  down p la n k to n  and v e g e ta b le  d e t r i t u s ,  w hich  i s  dom inated  by a  

m ic ro -o rg an ism  t h a t  a lm o st a c h ie v e s  th e  s t a t u s  o f  a  p u re  c u l t u r e . . . * ’ .

T h is  ooze c o n ta in s  few in v e r t e b r a t e s  and does n o t  decompose u n le s s  

b o i l e d .  The sed im en ts  c o n ta in  l a r g e  q u a n t i t i e s  o f  n u t r i e n t s  w hich a r e  

in  c r i t i c a l l y  s h o r t  su p p ly  in  th e  la k e  w a te r .  Beauchamp a ls o  m en tio n s  

th e  p o s s i b i l i t y  t h a t  th e  deep w a te r  se d im e n ts  o f  L akes T anganyika  and 

N yasa (max. d e p th s  1200 m and 700 m r e s p e c t iv e l y )  a re  d ev o id  o f  b en th o s  

s in c e  th e  o v e r ly in g  w a te rs  a re  a n a e ro b ic .
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B r a d l e y  ( 1 9 6 6 )  e x a m i n e d  f o u r  s i t e s  w h e r e  a l g a l  o o z e s  a r e

a c c u m u l a t i n g ,  L a k e s  V i c t o r i a  a n d  G e o r g e  i n  A f r i c a  a n d  M u d  L a k e  a n d

S a d d l e b a g s  L a k e  i n  F l o r i d a ,  U . S . A .  A l l  f o u r  h a v e  o x y g e n a t e d ,  c l e a r

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

m o s t  o f  t h e  i n f l o w i n g  a l l o c h t h o n o u s  m a t e r i a l .  T h e  g e l a t i n o u s  o o z e s  

are
o f  t h e s e  l a k e s / ^ c o m p r i s e d o f  f a e c a l  p e l l e t s  ( " c o p r o p e l " )  c o n t a i n i n g  f e w  

l i v i n g  b a c t e r i a  a n d  n o  f u n g i .  F r e s h l y  k i l l e d  f i s h  w e r e  p l a c e d  i n  t h e  

d e p o s i t s  o f  S a d d l e b a g s  L a k e  f o r  t h r e e  m o n t h s  b u t  d i d  n o t  d e c a y ,  d e s p i t e  

a  w a t e r  t e m p e r a t u r e  o f  c i r c a  2 5 ° C .  B r a d l e y  s u g g e s t s  t h a t  t h e  d e p o s i t s  

i n  t h e s e  f o u r  l a k e s  m a y  b e  t h e  m o d e r n  e q u i v a l e n t  o f  t h e  b e g i n n i n g s  o f  

f o s s i l  f u e l s ,  i n  p a r t i c u l a r  o i l  s h a l e .  A i r - d r i e d  a l g a l  o o z e  w a s

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

t h e  s e d i m e n t s
h y d r o g e n  r a t i o .  T h e  c a r b o n  c o n t e n t  o f ^ M u d  L a k e ^ w a s  a b o u t  58%  a n d  h a d

a  c a l o r i f i c  v a l u e  w h i c h  i s  3 2 %  g r e a t e r  t h a n  p e a t  a n d  4 0 %  l o w e r  t h a n  t h e

o r g a n i c  c o m p o n e n t  o f  a n  o i l  s h a l e .  R u s s i a n  s a p r o p e l s  h a v e  a l s o  b e e n

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

s h a l e s  ( K o r d e ,  I 9 6 0 ) .  P i l o t  p l a n t s  w e r e  c o n s t r u c t e d  i n  P e t r o g r a d  i n

1 9 1 8  t o  u s e  s a p r o p e l  a s  a  f u e l  ( i t  h a s  a l s o  b e e n  u s e d  a s  a  f e e d s t u f f

f o r  p i g s  a n d  c h i c k e n s ,  a s  a  f e r t i l i s e r  a n d  a s  a  m e d i c i n e ) .  " B o g h e a d

c o a l "  w h i c h  m a y  b e  f o u n d  i n  t h e  U . K . ,  F r a n c e  a n d  A u s t r a l i a  ( w h e r e  i t

i s  k n o w n  a s  k e r c ^ e  s h a l e  o r  " c o o r o n g i t e " )  c o n s i s t s  p r i m a r i l y  o f  t h e

a l g a  B o t r y o c o c c u s  ( u s u a l l y  B .  b r a u n i i  K i i t z i n g )  a n d  h a s  a n  i n o r g a n i c

c o n t e n t  o f  l e s s  t h a n  a b o u t  2 5 %  ( B l a c k b u r n  & T e m p e r l e y ,  1 9 3 6 ) .  B o g h e a d

c o a l  a p p e a r s  t o  b e  s i m i l a r  t o  t h e  " b a l k h a s h i t e "  f o u n d  i n  t h e  U . S . S . R ,

w h i c h  i s  a l s o  c o m p o s e d  o f  B o t r y o c o c c u s  b r a u n i i  ( Z a l e s s k y ,  1 9 1 4 ,  1 9 2 6 ) .

A l t h o u g h  t h e  e x a c t  n a t u r e  o f  s a p r o p e l  i s  u n c e r t a i n  s i n c e  i t s  

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

B r a d l e y  ( 1 9 6 6 )  a n d ,  p e r h a p s ,  t h o s e  d e s c r i b e d  i n  t h i s  s t u d y  s h o w  s o m e  

s i m i l a r i t i e s .  T h e  r e a s o n  f o r  t h e  l a c k  o f  d e c o m p o s i t i o n  o f  t h e  a l g a l
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rem a in s  i s  a l s o  unknown and f u r t h e r ,  b a c t e r i o l o g i c a l ,  r e s e a r c h  may be 

re w a rd in g . T here  i s  no e v id e n c e  to  s u g g e s t t h a t  th e  f a c t o r s  w hich 

i n h i b i t  o r  slow  th e  r a t e  o f  d e co m p o sitio n  in  one la k e  a re  i d e n t i c a l  to  

th o s e  in  a n o th e r .  In  R o s th e rn e  M ere, f o r  exam ple, th e  h ig h  p r o d u c t iv i ty  

and p e r p e tu a l  a n o x ia  o f  th e  sed im en ts  may be d i r e c t l y  o r  i n d i r e c t l y  

in v o lv e d  w h ile  th e  b e n th ic  b lu e -g re e n  a lg a e  in  Upton B road may i n h i b i t  

m ic ro b ia l  d e c o m p o s itio n . I t  i s  i n t e r e s t i n g  t o  s p e c u la te  ( c f .  B ra d le y , 

1966) t h a t  th e s e  p r e s e n t  day ac c u m u la tio n s  o f  a lg a e  may be a  so u rc e  o f  

p c u r tic u la r  f o s s i l  f u e l s .
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4. CONCLUSIONS

T h e  r e c e n t  l a k e  s e d i m e n t s  f r o m  s i t e s  s t u d i e d  i n  h i g h l a n d  

B r i t a i n  c o n t a i n e d  f e w  n o n - s i l i c e o u s  a l g a l  r e m a i n s .  T h e  s u p e r f i c i a l  

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

b u t  b e l o w  t h e  o x i d i s e d  m i c r o z o n e ,  p r e s e r v a t i o n  w a s  g e n e r a l l y  p o o r .

T h e  s i l i c e o u s  r e m a i n s  i n  t h e  s e d i m e n t s  o f  G r a s m e r e  a n d  E l t e r -  

w a t e r  ( i n n e r  b a s i n )  c o r r e s p o n d e d  t o  t h e  r e c o r d e d  a l t e r a t i o n s  i n  t h e  

p h y t o p l a n k t o n  a s s o c i a t e d  w i t h  r e c e n t  c h a n g e s  i n  s e w a g e  t r e a t m e n t .  I n  

c o m m o n  w i t h  o t h e r  C u m b r i a n  l a k e s  t h e  i n c r e a s e d  i n p u t  o f  n u t r i e n t s  h a s  

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

o f  E l t e r w a t e r  r e c e i v e  t o r r e n t i a l  f l o o d  w a t e r s  w h i c h  d i s t u r b  t h e  

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

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

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

r e c e n t  y e a r s .

T h e  s e d i m e n t s  o f  t h r e e  l o w l a n d  l a k e s ,  E l l e s m e r e  M e r e ,  U p t o n  

B r o a d  a n d  P r i e s t  P o t ,  c o n t a i n e d  m a n y  a l g a l  r e m a i n s ,  a l t h o u g h  p r e s e r v a t i o n  

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

p l a n k t o n  ( e . g .  M i c r o c y s t i s ,  A n a b a e n a ,  a n d  C e r a t i u m )  o f  E l l e s m e r e  M e r e  

a r e  p r e s e r v e d  b u t  f e w  o f  t h e  s m a l l e r  C h l o r o p h y c e a e  a n d  c r y p t o m o n a d s  

w e r e  o b s e r v e d .  T h e  d e p o s i t s  o f  U p t o n  B r o a d  a r e  d o m i n a t e d  b y  r e m a i n s  

o f  t h e  b e n t h i c  b l u e - g r e e n  a l g a ,  A p h a n o t h e c e  e l e b a n s  w h i c h  a r e  p r e s e r v e d  

f o r  u p  t o  5 0 0  y e a r s .

T h e  d e e p  w a t e r  s e d i m e n t s  o f  R o s t h e r n e  M e r e ,  w h i c h  a r e  

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

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

p a s t  p h y t o p l a n k t o n  r e c o r d s  e n a b l e d  t h e  e s t a b l i s h m e n t  o f  a n  ' a l g a l
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chronology*  w hich p ro v id ed  in d e p en d en t v e r i f i c a t i o n  o f  th e  r a d io n u c l id e  

d a t in g .  The p re se n c e  o f  c a l c i t e  bands in  th e  d ee p -w a te r  c o re s  and th e  

f i n e  b io s t r a t ig r a p h y  in d i c a te s  t h a t  th e  sed im e n ts  a re  n o t d is tu r b e d ,  

e i t h e r  by b io tu r b a t io n  o r  p h y s ic a l  p r o c e s s e s .  R o s th e rn e  Mere hais 

p r e v io u s ly  been d e s c r ib e d  as 'g u a n o tro p h ic *  b u t ev id en ce  from  th e  a lg a l  

r e c o rd ,  th e  c a l c i t e  l a y e r s  and r e c e n t  f i g u r e s  f o r  g u l l  e j e s t i o n  r e f u t e  

t h i s  s u g g e s t io n .  C o res from  th e  d e e p -w a te r  s i t e  showed no s i g n i f i c a n t  

q u a l i t a t i v e  d i f f e r e n c e s  b u t th e r e  w ere q u a n t i t a t i v e  a r e a l  v a r i a t i o n s .  

P r e s e r v a t io n  in  c o re s  from  s h a llo w e r ,  o x y g en a ted  w a te r  was p o o r, and 

th e  a lg a l  s t r a t i g r a p h y  d id  n o t c o rre sp o n d  to  th e  docum ented r e c o r d .

V ia b le  a k in e te s ,  up to  70 y e a r s  o ld ,  o f  A nabaena and 

Aphanizomenon w ere re c o v e re d  in  th e  sed im en ts  from  R o s th e rn e  M ere. 

T h e re fo re  b lu e -g re e n  r e s t i n g  s p o re s  may n o t  o n ly  e n su re  th e  s h o r t  term  

s u r v iv a l  o f  th e  a lg a e  b u t a l s o  p ro v id e  a  lo n g e r  te rm  s t r a t e g y .

C y s ts  o f  C era tiu m  h i r u n d i n e l l a , re c o v e re d  from  E s th w a ite  

W ater, r e q u i r e d  a  m a tu ra tio n  p e r io d  o f  abou t 5 months and t h e r e a f t e r  

may p ro v id e  th e  inoculum  f o r  th e  p la n k to n ic  p o p u la t io n .  G erm in a tio n  o f  

th e  c y s t s  may be r e ta r d e d  by a n o x ia ; su b se q u en t d eco m p o sitio n  le a v e s  

th e  c y s t  w a ll p lu s  a r e c o g n is a b le  r e s id u e ,  b o th  o f  w hich a r e  p re s e rv e d  

in  c e r t a i n  s e d im e n ts .

The a lg a l  rem ains  cau g h t in  s e s to n  t r a p s  p la c e d  in  R o sth e rn e  

M ere, c lo s e ly  fo llo w e d  a p e r io d  o f  abundance in  th e  p la n k to n ; few  *out 

o f  season* a lg a e  w ere t r a p p e d .  The ab sen ce  o f  sm a ll a lg a e  ( e .g .  

C h lo r e l la  and Rhodomonas) in  th e  e n tra p p e d  s e s to n  in d i c a te s  t h a t  th e y  

a r e  s e l e c t i v e l y  g ra z e d  o r  decom pose r a p id l y .

The re a s o n  why c e r t a i n  la k e  sed im en ts  p re s e rv e d  p a r t i c u l a r  

n o n - s i l i c e o u s  a lg a l  rem ains i s  unknown. The r a t e  o f  b a c t e r i a l  

d eco m p o sitio n  may be r e s t r i c t e d  by lo n g  p e r io d s  o f  an o x ia  in  th e
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d e e p - w a t e r  s e d i m e n t s  o f  h i g h l y  p r o d u c t i v e  l a k e s .  A l t e r n a t i v e l y  a  m a t  

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

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

S e d i m e n t s  w h i c h  c o u l d  b e  d e s c r i b e d  a s  a n a l o g o u s  t o  t h e  U . S . S . R .  

s a p r o p e l s  w e r e  n o t  o b s e r v e d ,  a l t h o u g h  t h e  d e p o s i t s  o f  U p t o n  B r o a d ,  

R o s t h e r n e  M e r e  a n d  E l l e s m e r e  M e r e  d o  s h o w  s o m e  s i m i l a r i t i e s .  A l g a l  

o o z e s ,  s u c h  a s  s a p r o p e l ,  m a y  b e  t h e  p r e c u r s o r s  o f  s o m e  f o s s i l  f u e l s .
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PI

GRASMERE

( c o r e  GH/H22)

D iatom s

(v a lv e s  p e r  0 .1  p i  f r e s h  se d im e n t)

D ep th
(cm)

a b c d e f 9 h i

0 -1 ( a ) 620 40 12 67 0 0 0 211 950
557 28 10 74 0 4 0 251 924

(a v e ) 589 34 11 71 0 2 0 231 937
1-2 2477 46 19 166 0 0 0 421 3129
2-3 2486 66 26 181 0 0 0 442 3201
3 -4 3478 189 22 271 0 0 0 881 4841
4 -5 2636 137 21 109 0 4 0 672 3579
5 -6 (a ) 1438 137 29 35 0 28 0 908 2575

W  ^ 1206 126 23 36 0 41 0 742 2178
(a v e ) 1322 132 26 35 0 35 0 825 2377

6 -7 657 17 34 17 0 91 0 1296 2112
7-8 147 17 27 5 0 108 0 2056 1360
8-9 8 5 23 0 7 177 0 737 957
9-10 169 5 23 0 4 326 0 706 1258

1 0 - 1 l ( a ) 106 8 27 4 21 554 0 800 1520
(b ) 67 8 38 1 12 539 0 742 1407
(a v e ) 87 8 33 3 17 547 0 771 1464

11-12 117 17 55 3 26 502 0 1383 2103
12-13 91 14 47 2 56 167 0 1273 1650
13-14 62 13 71 2 78 87 0 1250 1563
14-15 146 17 58 3 37 55 0 1288 1604
1 5 -1 6 (a ) 76 21 98 0 60 46 0 1341 1643

lb ) 95 21 77 2 46 . 36 0 1255 1532
(a v e ) 86 22 88 1 53 42 0 1298 1588

16-17 51 17 64 0 159 78 0 1114 1483
17-18 47 17 55 0 172 214 0 1066 1571
18-19 42 7 48 3 147 199 0 987 1433
19-20 150 14 55 1 213 323 0 1477 2233

24-25 46 15 56 0 104 184 0 1618 2023
29-30 10 14 32 2 56 61 28 803 1006
34-35 22 20 30 0 62 419 67 872 1492
39-40 4 27 40 0 59 327 44 1228 1729
44-45 5 17 38 0 54 193 43 758 1108
49-50 23 39 85 0 84 118 56 1949 2345

a  A s t e r io n e l l a  fo rm o sa
b T a b e l l a r i a  f lo c c u lo s a  v a r .  a s t e r i o n e l l o i d e s
c  T a b e l l a r i a  f lo c c u lo s a
d  C y c l o t e l l a  p s e u d o s te l l ig e r a
e  C y c l o t e l l a  com ta
f  C y c l o t e l l a  cœ nensis
g C y c l o t e l l a  k u tz in g ia n a
h o th e r s
i  t o t a l



ELTERWATER -  INNER BASIN 

(c o re  ELT-MOl)

D iatom s

( v a lv e s  p e r  0 .1  ^  f r e s h  sed im en t)

P2

D epth
(cm)

a b c d e f 9 h i j k

0- 1 (a ) 1 35 30 438 41 61 0 0 0 969 1575
(b ) 0 33 45 557 20 61 0 0 0 1159 1875

1-2 0 26 55 785 31 61 0 0 0 963 1921
2-3 0 30 39 507 42 58 0 0 2 1253 1929
3 -4 0 32 16 294 49 58 0 1 0 1310 1759
4 -5 0 22 18 163 35 61 0 1 0 1164 1463
5 -6 (a ) 0 36 11 105 36 82 0 1 0 1193 1463

(b ) 0 15 14 77 29 59 1 1 0 12Î7 1423
6-7 0 19 11 96 53 48 1 1 0 1217 1446
7-8 0 26 14 78 49 86 1 3 0 1297 1554
8-9 0 14 16 46 47 73 1 0 0 1395 1591
9-10 1 14 12 17 33 90 1 1 0 1432 1601

a S te p h a n o d is c u s  a s t r a e a
b H e lo s i r a  i t a l i c a
c S y n ed ra  spp
d A s t e r i o n e l l a  fo rm o sa
e T a b e l l a r i a  f lo c c u lo s a  v a r .  a s t e r i o n e l l o i d e s
f  T a b e l l a r i a  f lo c c u lo s a
g C y c l o t e l l a  com ensis
h C y c l o t e l l a  com ta
i  C y c l o t e l l a  m en en g h in ia
j  o th e r s
k t o t a l



P 3

O uter B asin

ELTERWATER -  MIDDLE AND OUTER BASINS 

(c o re s  ELT-M23 and ELT-M24)

D iatom s

(v a lv e s  p e r  0 .1  )il f r e s h  sed im en t)

D epth
(cm)

a b c d e f 9

M iddle B as in

0-1 157 23 22 3 1 0 0
1-2 261 8 28 14 0 0 0
2-3 59 21 33 16 0 1 0
3-4 26 14 20 2 0 1 0
4 -5 26 17 27 0 0 1 1
5-6 26 18 34 2 0 2 0
6 -7 24 19 35 4 1 0 0
7-8 1 11 30 0 0 1 1
8-9 3 17 30 0 0 1 0
9-10 0 13 41 3 0 0 0

0-1 45 2 13 0 0 0 0
1-2 68 4 33 3 0 0 0
2-3 102 6 30 0 0 0 0
3-4 121 11 29 0 0 1 0
4-5 79 11 35 2 0 0 0
5-6 103 13 31 0 0 2 0
6-7 96 2 21 0 0 0 0
7-8 16 6 36 0 0 0 0
8-9 38 8 29 0 0 0 0
9-10 15 5 18 0 0 0 0

a  A s t e r io n e l l a  fo rm osa
b T a b e l l a r i a  f lo c c u lo s a  v a r .  a s t e r i o n e l l o i d e s
c  T a b e l l a r i a  f lo c c u lo s a
d M e lo s ira  i t a l i c a
e S te p h a n o d isc u s  a s t r a e a
f  C y c l o te l l a  com ensis
g C y c l o te l l a  com ta



PRIEST POT 

(c o re  PP-M30)

Algal remains
(individuals per 0.1 )il fresh sediment)

P 4

D epth
(cm)

0-1
2
3
4 
6 
8

10
12
14
16
18
20

Scenedesm us
w ith

c h lo r o p la s t s

601
340

77
28
18
26

0
4
4
0
0
1

w ith o u t
c h l o r o p l a s t s

280
301
305
318
266
113

5
21

2
5
4
2

t o t a l

881
641
382
346
284
139

5 
25

6 
5 
4 
3

P e d ia s tru m

0
0
1
0
1
0
0
0
0
1
0
0

PRIEST POT 

(c o re  PP-M30)

D iatom s

(v a lv e s  p e r  0 .1  p i  f r e s h  sed im en t)

D epth
(cm)

a b c d e f 9 h i

0-1 233 13 1472 23 3 4 154 1902
3-4 784 66 2328 102 8 28 432 3752
7-8 736 160 2528 48 12 40 828 4352

11-12 960 176 2556 40 12 40 4 1060 4848
15-16 888 164 2052 68 28 76 0 1388 4668
19-20 544 136 2760 44 48 160 4 2676 6380

a  A s t e r io n e l l a  fo rm o sa ; b F r a g i l a r i a  c r o to n e n s i s ;  
c  C y c l o t e l l a  p s e u d o s te l l ig e r a ;  d  C y c l o te l l a  m en engh in iana ;
e  T a b e l l a r i a  f lo c c u lo s a  v a r  a s t e r i o n e l b i d e s ; f  T a b e l l a r i a  f lo c c u lo s a ;
§ C y c l o t e l l a  com ta; h o th e r s ;  i  t o t a l



UPTON BROAD 

( c o re  UPT-M28)

Algal remains
(individuals per 0.625 pi fresh sediment)

P 5

D epth a b c d e f 9
(cm)

+ c h lo r o p la s t s - + c h lo r o p la s t s - + c h lo r o p la s t s -

0-1 135 29 9 174 0 35 2
4 -5 203 56 9 159 4 37 1
8-9 334 81 5 61 4 34 5

12-13 276 37 62 3 0 27 9 14 0
16-17 360 101 81 12 0 25 24 7 2
20-21 115 64 51 15 4 0 15 3 0
24-25 121 97 31 14 2 0 21 0 6
28-29 123 102 9 6 5 23 1 7 1
34-35 130 98 28 11 2 9 8 0 5 0
39-40 3 174 6 8 4 0 10 3 12 1
44-45 4 186 1 8 2 0 10 0 2 2
49-50 0 206 12 13 3 0 3 0 2 5
54-55 0 259 2 7 2 0 5 0 3 10
59-60 0 297 0 11 0 0 6 0 3 1
64-65 0 253 1 23 1 0 3 0 4 3
69-70 0 11 0 3 0 0 0 0 1 14
74-75 0 1 0 1 1 0 1 0 4 25
Bottom  0 0 0 1 0 0 2 0 2 14

a A phanothece e le b a n s ( c o lo n ie s )
b A phanothece e le b a n s  f o .  m inor ( c o lo n ie s )
c S ta u ra s tru m spp ( c e l l s )
d Scenedesm us ( c o lo n ie s )
e C h lo ro p h y ceae  ( c o l o n i e s / c e l l s )
f P e d ia s tru m  ( c o lo n ie s )
g Cosmerium ( c e l l s )



P 6

UPTON BROAD 

(c o re  UPT-M28)

D iatom s

(v a lv e s  p e r  1 p i  f r e s h  sed im en t)

D epth
(cm)

a b c d e f

0-1 0 110 20 11345 0 11495
19-20 1 0 25 5020 4 5048
39-40 0 0 10 15 0 29
59-60 6 0 2 0 0 /2 27
Bottom 4 0 0 0 9 8

a A s t e r io n e l l a  fo rm osa
b S y ned ra  acu s
c  N a v ic u la  spp
d F r a g i l a r i a  spp
e C y c l o t e l l a  p se u d o s te llig e ra y /c o m ta
f  T o ta l  d ia to m s

D epth a b c d e f g
(cm)

0-1 0 0 0 10 0 0 10
19-20 0 0 0 0 0 1 0
39-40 0 0 0 0 1 1 0
59-60 1 4 2 0 0 0 0
Bottom 0 4 0 0 0 0 0

a  T a b e l l a r i a  f lo c c u lo s a
b M e lo s ira  i t a l i c a
c S te p h a n o d isc u s  h a n tz s c h i i
d C o cco n e is  spp
e D iatom a sp
f  C ym bella  spp
g P in n u la r i a  spp

F r a g i l a r i a  s p e c ie s  ( c i r c a  500 c o u n te d )

D epth  0-1

F . c o n s tru e n s  
p in n a ta  
b r e v i s t r i a t a  
e l l i p t i c a  
o th e r s

5%
18%
57%
19%

0

19-20

48%
10%
34%

5%
3%



P 7

ELLESMERE MERE 

(c o re  ELS-M25)

Algal remains
(individuals per 5 pi fresh sediment)

D epth
(cm) ( i )

a
( i i )

b c d e f 9 h i

0-1 37 65 24 33 3 27 22 20 156
1-2 55 143 54 53 7 51 51 57 213 1
2-3 13 115 28 85 6 53 77 35 122 1
3-4 3 118 8 115 4 32 46 28 106 2
4 -5 5 99 14 70 4 36 70 31 81 0
5-6 1 74 57 45 13 47 95 8 87 —

6 -7 0 39 54 53 10 42 108 12 96
7-8 0 48 21 73 3 49 110 6 94
8-9 0 91 42 79 13 58 108 4 294
9-10 2 60 39 140 4 30 77 3 258

10-11 0 165 67 63 9 39 75 6 333
11-12 0 87 33 77 7 27 69 2 307
12-13 0 40 12 49 4 18 67 4 443
13-14 0 49 26 126 10 7 40 1 310
14-15 0 30 10 62 12 12 37 2 257
15-16 0 44 14 170 4 18 74 4 342
16-17 2 28 8 98 6 22 84 2 294
17-18 2 86 76 138 18 30 108 8 650
18-19 0 38 86 124 8 30 78 0 612
19-20 0 58 34 184 12 20 70 0 678
24-25 0 26 10 148 8 52 86 2 1154
29-30 0 134 8 68 6 44 134 4 1138
34-35 0 66 12 8 0 12 100 6 888
39-40 0 80 12 22 2 6 138 2 1686
44-45 0 38 14 6 0 8 156 4 1394
49-50 0 14 4 32 6 12 222 2 1390

a C e ra tiu m  ( c y s t s )  ( i )  c o n te n ts  
b M ic ro c y s t is  ( c o lo n ie s )
c A nabaena ( a k in e te s )  '
d Aphanizomenon ( a k in e te s )  
e S ta u ra s tru m  ( c e l l s )
f  P e d ia s tru m  (c o lo n ie s )
g C o e la s tru m  ( c o lo n ie s )
h S te p h a n o d isc u s  a s t r a e a  ( c e l l s )
i  Scenedesm us ( c o lo n ie s )

( i i )  no c o n te n ts



P B

ELLESMERE MERE
(core ELS-M25)

D iatom s

(v a lv e s  p e r  0 .2  p i  f r e s h  se d im e n t)

D epth a b c d e f 9 h i j k
(cm)

0-1 2164 14 307 39 9 170 2703
1-2 1528 6 274 40 2 162 2012
2-3 1772 6 326 56 4 190 2360
3-4 1762 16 506 136 6 280 2706
4 -5 3200 12 602 148 26 340 4334
5-6 3166 8 872 146 34 262 4488
6-7 3462 12 482 262 28 282 4528
7-8 3336 22 286 250 34 364 4292
8-9 2826 48 424 162 36 386 3882
9-10 3050 38 356 168 18 6 360 3992

10-11 3228 52 544 294 12 42 430 4604
11-12 4296 48 572 244 6 66 396 5628
12-13 4394 56 1086 290 4 68 2 0 400 6300
13-14 1666 66 374 382 2 16 0 1 0 402 2908
14-15 1344 24 362 248 2 8 8 2 0 320 2318
15-16 1632 30 518 426 0 4 2 0 0 462 3074
16-17 1140 50 690 700 0 2 4 0 0 380 2966
17-18 3386 68 1002 336 2 2 0 0 2 550 5348
18-19 1930 54 394 130 4 0 6 0 0 350 2868
19-20 1768 80 456 160 0 2 2 0 0 290 2758
24-25 3052 176 100 256 4 0 0 0 2 522 4114
29-30 1234 80 152 116 10 14 0 0 0 356 1966
34-35 2126 102 74 80 14 150 18 4 0 424 2992
39-40 788 144 112 134 2 2 2 0 0 470 1654
44-45 490 90 218 338 0 4 0 2 0 378 1522
49-50 1016 158 120 128 2 8 8 2 0 488 1930

a S te p h a n o d isc u s  h a n tz s c h i i
b S te p h a n o d isc u s  a s t r a e a
c  A s t e r io n e l l a  fo rm osa
d M e lo s ira  g r a n u la ta
e F r a g i l a r i a  c ro to n e n s is
f  S te p h a n o d isc u s  h a n tz s c h i i  ( b )
g C y c l o t e l l a  com ta
h C y c l o te l l a  com ensis
i  T a b e l l a r i a  f lo c c u lo s a
j  o th e r s
k t o t a l



ROSTHERNE MERE
(core RM-M18)

N itro g e n  and W ater C o n te n t

P9

D epth %N %N % N % W ater
(cm) i i i mean

0-1 1 .155 1 .348 1 .2 5 9 6 .7 9
1-2 1 .1 5 5 1 .155 1 .1 6 95 .48
2 -3 1 .5 4 0 1 .348 1 .4 4 94 .9 4
3 -4 .963 1 .155 1 .0 6 9 5 .3 9
4 -5 .963 .963 .96 94.41
5-6 2 .1 5 8 2 .1 5 8 2 .1 6 96 .03
6 -7 1 .4 3 9 1 .4 3 9 1 .4 4 94 .7 5
7-8 1 .618 1 .439 1 .5 3 9 5 .2 4
8-9 1 .4 3 9 1 .2 5 9 1 .3 5 95.81
9-10 1 .2 5 9 1 .2 5 9 1 .2 6 9 3 .9 0

10-11 .719 .899 .81 92 .98
11-12 .719 .899 .81 9 1 .38
12-13 .899 .899 .9 0 90 .7 7
13-14 .719 .719 .72 90 .87
14-15 1 .079 .899 .99 93 .98
15-16 .899 1 .0 7 9 .99 91 .7 0
16-17 .554 .739 .65 91 .6 8
17-18 .924 .739 .83 92.41
18-19 .739 .739 .74 93.41
19-20 .924 .924 .92 9 3 .37
20-21 .924 1 .1 0 0 1.01 93.31
21-22 1 .1 0 9 1 .1 0 9 1.11 93 .48
22-23 .924 .924 .92 9 2 .19
23-24 .739 .924 .83 88 .5 4
24-25 .732 .782 .76 89.41
25-26 .915 .732 .82 89 .8 9
26-27 .732 .732 .73 88 .4 9
27-28 .732 .732 .73 86 .95
28-29 .732 .915 .82 88 .56
29-30 1 .0 9 9 1 .282 1 .1 9 89 .25

34-35 .732 .732 .73 85.51
39-40 .732 .732 .73 86^30
44-45 .732 .549 .6 4 81 .64
49-50 .549 .549 .55 8 8 .7 4
59-60 .549 .549 .55 85.51
69-70 .549 .549 .55 85 .24
79-80 .549 .549 .55 82 .18



ROSTHERNE MERE
(core RM-M18)

P e rc e n ta g e  Carbon and C a rb o n /N itro g e n  r a t i o s

PIG

D epth C C C c/k c /k c/k
(cm) i i i mean i i i mean

0-1 18 .72 18 .5 0 18.61 1 6 .2 0 13 .72 14 .96
1-2 18 .35 18 .05 1 8 .2 0 15 .8 8 15 .6 4 15 .75
2 -3 19 .12 17 .53 18 .32 12.41 13.01 12.71
3 -4 1 6 .0 5 17 .08 16 .5 7 1 6 .6 7 . 1 4 .79 15 .73
4 -5 16 .86 15 .97 16 .4 2 17 .52 15 .59 17 .05
5-6 21 .5 8 22 .3 9 2 1 .9 9 1 0 .0 0 10 .38 1 0 .19
6 -7 1 7 .43 18 .17 1 7 .8 0 12 .12 12 .63 12 .37
7 -8 14.91 15 .43 1 5 .1 7 9 .2 2 10 .73 9 .9 7
8 -9 18 .4 7 17 .16 1 7 .8 0 1 2 ,8 4 13.61 13 .23
9-10 1 6 .25 16.62 1 6 .4 3 12.91 ' 1 3 .20 1 3 .05

10-11 14 .0 6 13 .58 13 .82 19 .56 15 .12 17 .33
11-12 13 .65 12 .82 1 3 .2 4 18 .9 8 14 .26 16 .62
12-13 11 .7 4 13 .1 0 1 2 .42 1 3 .0 7 14 .57 13 .82
13-14 1 1 .29 10 .25 1 0 .7 8 15.71 14 .26 1 4 .98
14-15 13 .93 12 .47 1 3 .2 0 12.91 13 .87 13 .3 9
15-16 13 .93 14 .9 0 14.41 1 5 .4 9 13.81 14 .65
16-17 11.36 11.12 1 1 .2 4 2 0 .5 0 15 .05 17 .77
17-18 13 .52 13 .6 0 1 3 .5 5 1 4 .6 3 18 .39 16.51
18-19 12 .88 12 .48 12 .6 8 17 .4 2 16 .88 17 .15
19-20 15 .43 15 .27 15 .3 5 1 6 .7 0 16 .53 16.61
20-21 15.51 15.11 15.31 1 6 .7 9 13 .63 15.21
21-22 15.91 16 .47 1 6 .1 9 1 4 .3 5 14 .85 1 4 .6 0
22-23 14 .55 15 .43 1 4 .9 9 1 5 .7 5 16 .7 0 1 6 .23
23-24 13 .75 13 .67 13 .72 18.61 14 .8 0 16.71
24-25 12.01 12.01 12.01 16 .3 9 16 .30 16 .35
25-26 13 .25 11 .30 12 .2 8 14 .4 7 15 .44 1 5 .0 0
26-27 12 .55 11 .69 12 .12 17 .1 3 15 .97 16 .55
27-28 12 .3 9 11 .38 1 1 .8 9 16 .92 15 .54 16 .23
28-29 12 .32 12 .94 1 2 .6 3 16 .8 2 14 .13 15 .48
29-30 15 .04 14.96 1 5 .0 0 13 .6 9 11 .67 12 .68

34-35 9 .6 0 8 .82 9.21 13.11 12 .0 4 12 .58
39-40 9 .52 10 .06 9 .7 9 1 2 .1 0 13 .74 1 3 .3 7
44-45 8 .5 9 7 .89 8 .2 4 11 .72 14.36 13 .0 4
49-50 9 .1 4 8 .83 8 .9 9 16 .6 5 16 .07 16 .36
59-60 9 .1 4 8 .8 3 8 .9 9 1 6 .6 5 16 .07 16 .36
69-70 8 .3 6 8 .36 8 .3 6 15.21 15.21 15.21
79-80 8 .2 0 7 .96 8 .0 8 14 .9 2 14 .49 14.71



ROSTHERNE MERE

( c o r e  RM-M06)

C era tiu m  

( c y s t s  p e r  5 p i  f r e s h  sed im en t)

P11

D epth
(cm)

#
1-2
2-3
3-4
4 -5
5-6
6 -7
7-8
8-9
9-10 

10-11 
11-12
12-13
13-14
14-15
15-16
16-17
17-18
18-19
19-20
20-21 
21-22
22-23
23-24
24-25
25-26
26-27
27-28
28-29
29-30

34-35
39-40
44-45
49-50
59-60
69-70

11 111

54 (4 4 ' 
361(334 

76 (44  
83 (lO , 

2
4 
0 
1

11 
194 
168 
175 
113 

30 
21

5 
1 
2 
5

14 
12 

1 
20 

220 
60 

174 
124 
170 
46 
20 

8

92 
58 

112 
30 
72 

102

60 (5 0 ) 
388(358 

74 (33 '
70

5
4 
0 
3

16
202
200
172

94
31

9
5 
1 
3
6

14
11
0

14
164

53
174
192
192

62
22

8

92
70

164
38
70

106

42 (33 ' 
408(387 

88 (42 
63 (8 |

1
1
1
2
9

177
228
164
145

38
14

4 
1
5 
4

22
11

1
41

192
54

210
154
202

52
56

8

54
90

114
14
70

110

mean

52 
386

79
72 

3 
3 
0 
2

12
191 
199 
170 
117

30
15

5
1
3
5

17
11

1
25

192 
56

186
157
188

53 
19

8

79
73 

130
27
71

106

b ra c k e ts  d e n o te  number o f  c y s t s  w ith  i n t r a c e l l u l a r  c o n te n ts



P12

ROSTHERNE MERE

( c o r e  RM-M06)

M ic ro c y s tis  

( c o lo n ie s  p e r  5 p i  f r e s h  sed im en t)

D epth
(cm)

i i i i i i mean

0 - i 134 149 138 140
389 319 281 330

1-2 48 52 40 47
2 -3 20 31 37 29
3 -4 375 432 375 394
4 -5 226 241 229 232
5-6 320 277 304 300
6 -7 185 222 247 218
7-8 426 376 280 361
8 -9 108 131 126 122
9-10 52 34 35 40

10-11 9 15 14 13
11-12 16 9 18 14
12-13 207 160 201 189
13-14 237 242 296 258
14-15 386 358 388 377
15-16 564 561 524 550
16-17 352 338 327 339
17-18 258 296 243 266
18-19 285 238 266 263
19-20 270 265 401 312
20-21 305 218 269 264
21-22 94 85 145 108
22-23 21 24 30 25
23-24 73 84 112 90
24-25 42 26 48 39
25-26 10 18 14 14
26-27 10 10 14 11
27-28 12 8 8 9
28-29 10 20 14 15
29-30 52 60 76 63

34-35 6 16 2 8
39-40 4 4 2 3
44-45 0 0 0 0
49-50 0 0 0 0
59-60 0 0 2
69-70 0 0 0



ROSTHERNE MERE

( c o r e  RM-M06)

S te p h a n o d isc u s  a s t r a e a  

( c e l l s  p e r  5 pi f r e s h  sed im en t)

P13

D epth
(cm)

i i i i i i mean

0 - i 2 2 2 2
i - 1 0 0 0 0
1-2 9 7 12 9
2-3 7 4 4 5
3 -4 6 10 8 8
4 -5 48 44 15 36
5-6 597 579 588 588
6 -7 4265 4888 3523 4225
7-8 173 182 137 164
8-9 204 233 216 218
9-10 578 733 810 707

10-11 846 725 670 747
11-12 96 101 105 101
12-13 55 60 37 51
13-14 32 35 28 32
14-15 29 22 24 25
15-16 50 50 54 51
16-17 210 215 246 224
17-18 470 446 435 450
18-19 187 197 255 213
19-20 347 363 277 329
20-21 182 152 183 172
21-22 453 407 515 458
22-23 1427 1165 1720 1437
23-24 3681 4063 3196 3647
24-25 938 1282 1352 1191
25-26 1606 1710 1746 1687
26-27 1632 1914 1648 1731
27-28 3036 3000 2730 2922
28-29 3208 3280 3448 3312
29-30 1200 990 1280 1157

34-35 2138 2164 2206 2169
39-40 7040 6536 8160 7245
44-45 13216 10928 11408 11851
49-50 6808 7144 8516 7509
59-60 13056 10240 9664 10987
69-70 13232 14176 12096 13168



ROSTHERNE MERE

( c o r e  RM-M06)

A nabaena

( a k in e te s  p e r  5 p i  f r e s h  sed im en t)

P14

D epth
(cm)

1-2
2 -3
3 -4
4 -5
5-6
6 -7
7-8
8-9
9-10 

10-11 
1 1 - 1 2
12-13
13-14
14-15
15-16
16-17
17-18
18-19
19-20 
20-21 
21-22
22-23
23-24
24-25
25-26
26-27
27-28
28-29
29-30

34-35
39-40
44-45
49-50
59-60
69-70

i i i

0 0
0 0
0 2
0 0
0 0
8 20
0 0
0 0
1 1
1 1
7 0
0 0
6 12

30 26
8 8
1 11
0 4
0 0
3 (2 ) 10
2 (2 ) 5
7 (4 ) 1
3 0
9 6

139 123
13 23

286(234] 
150(132] 

76 (40  
92 (76]

48 (1 8 )

90 (30

528(608 
492(434, 
124 (94] 
246(146 

40 (28]

26 (10] 
48 (42 
20 (20] 
42

4 (2 )  
80 (7 2 )

i i i

0 
0 
4 
0 
0 
1 
0 
0 
0 
0 
6 
3 

26 
22 
10 

2 
1 
3 
3

19 (19. 
31 (29 

9 (7,
23 

138

368(31o! 
316(282 
482(424 ' 
174(154, 

62 (28 
46 (18 '

(2]

30 
10 

4 
16 
10

117(111)

!:!
(8 )

mean

0
0
2
0
0

10
0
0
1
1
4 
1

15
26

9
5
3 
1 
5 
9

13
4 

13
133

21
257
350
420
149
128

59

35
24

9
49
15
74

Numbers i n  b r a c k e ts  d e n o te  a k in e te s  in  a g g re g a te s



P I S

ROSTHERNE MERE

( c o r e  RM-M06)

A p h a n izo m en o n  and S ta u r a is tr u m

( a k i n e t e s / c e l l s  p e r  5 p i  f r e s h  s e d im e n t )

Aphanizom enon S ta u ra s tru m
D epth
(cm)

i i i i i i mean i i i i i i mean

0 - i 1 0 0 0 0 0 0 0
i-1 4 4 2 3 1 0 0 0
1-2 46 31 68 48 1 2 1 1
2-3 1 0 0 0 9 0 2 4
3-4 2 2 2 2 0 0 1 0
4-5 25 29 11 22 0 0 0 0
5-6 2 1 2 2 0 2 1 1
6-7 1 0 1 1 0 1 0 0
7-8 1 2 0 1 1 0 1 1
8-9 1 8 1 3 2 2 1 2
9-10 1 2 4 2 2 2 3 2

10-11 1 1 1 1 5 1 2 3
11-12 2 1 5 3 7 1 2 3
12-13 4 3 2 3 0 0 0 0
13-14 1 1 1 1 2 2 0 1
14-15 1 0 1 1 1 0 2 1
15-16 2 0 0 1 0 0 2 1
16-17 1 2 0 1 0 0 1 0
17-18 0 1 0 0 0 0 0 0
18-19 0 0 0 0 1 1 2 1
19-20 3 1 2 2 6 3 2 4
20-21 2 1 2 2 3 0 4 2
21-22 18 3 10 10 6 4 5 5
22-23 36 40 52 44 20 13 17 17
23-24 6 10 6 7 1 2 6 3
24-25 22 22 30 25 4 0 2 2
25-26 24 28 42 31 6 6 2 5
26-27 44 30 42 39 2 4 6 4
27-28 16 12 18 15 12 4 2 6
28-29 54 61 30 48 12 2 8 7
29-30 20 10 26 19 10 6 4 7

34-35 18 12 12 14 2 2 6 3
39-40 20 10 6 12 10 2 8 7
44-45 0 2 4 2 12 16 16 15
49-50 2 4 8 5 6 12 12 10
59-60 0 0 0 0 12 12 6 10
69-70 0 0 0 0 8 16 10 11



ROSTHERNE MERE

( c o r e  RM-M06)

A lg a l rem ains

(mean o f  3 su b sa m p le s , in d iv id u a ls  p e r  5 p i  f r e s h  sed im en t)

P16

D epth  a  
(era)

b c d e f

0 - i  52 140 2 0 0 0
J-1  386 330 0 0 3 0
1-2 79 47 9 2 48 1
2-3  72 29 5 0 0 4
3-4  3 394 8 0 2 0
4 -5  3 232 36 10 22 0
5-6 0 300 588 0 2 1
6 -7  2 218 4225 0 1 0
7-8  12 361 164 1 1 1
8-9  191 122 218 1 3 2
9-10  199 40 707 4 2 2

10-11 170 13 747 1 1 3
11-12 117 14 101 15 3 3
12-13 30 189 51 26 3 0
13-14 15 258 32 9 1 1
14-15 5 377 25 5 1 1
15-16 1 550 51 3 1 1
16-17 3 339 224 1 1 0
17-18 5 266 450 5 0 0
18-19 17 263 213 9 0 1
19-20 11 312 329 13 2 4
20-21 1 264 172 4 2 2
21-22 25 108 458 13 10 5
22-23 192 25 1437 133 44 17
23-24 56 90 3647 20 7 3
24-25 186 39 1191 257 25 2
25-26 157 14 1687 350 31 5
26-27 188 11 1731 420 39 4
27-28 53 9 2922 149 15 6
28-29 19 15 3312 128 48 7
29-30  8 63 1157 59 19 7

34-35 79 8 2169 35 14 3
39-40 73 3 7245 24 12 7
44-45 130 0 11851 9 2 15
49-50  27 0 7509 49 5 10
59-60 71 1 10987 15 0 10
69-70  106 0 13168

a  C e ra tiu m  ( c y s t s )  
b M ic ro c y s t i s  ( c o lo n ie s )  
c  S te p h a n o d is c u s  a s t r a e a  ( c e l l s )  
d A nabaena ( a k in e te s )  
e Aphanizom enon ( a k in e te s )  
f  S ta u ra s tru m  ( c e l l s )

74 0 11



ROSTHERNE MERE

( c o r e  RM-M06)

D iatom s

(v a lv e s  p e r  0 .2  p i  f r e s h  sed im en t)

P17

D epth a b c d e f 9 h i
(cm)

0 - i 27 1 53 42 5 1 0 133 262
i- 1 45 0 179 16 6 0 0 93 339
1-2 1861 8 170 1600 30 8 0 720 4397
2-3 4946 14 414 2882 20 4 0 1194 9474
3 -4 1093 3 53 134 5 3 0 173 1464
4 -5 598 9 79 704 8 4 0 256 1658
5-6 347 80 164 422 5 0 0 159 1177
6 -7 559 322 124 2654 24 0 0 256 3939
7 -8 810 5 246 641 12 2 45 351 2112
8-9 1690 29 84 617 32 9 817 507 3785
9-10 809 62 6 437 88 3 117 194 1716

10-11 2186 102 39 1221 213 3 13 451 4228
11-12 1842 12 44 740 5162 6 0 546 8352
12-13 630 8 17 266 991 3 0 259 2174
13-14 606 4 10 76 55 30 0 206 987
14-15 2850 6 60 226 24 20 0 314 3500
15-16 778 13 33 246 12 27 0 221 1300
16-17 1500 31 79 887 29 31 0 326 2883
17-18 179 40 9 759 13 20 0 154 1178
18-19 934 46 58 7468 32 12 0 314 8864
19-20 904 42 80 8926 64 30 0 562 10608
20-21 1970 38 14 692 768 58 0 402 3942
21-22 1932 62 6 1102 3464 26 0 350 6942
22-23 1987 193 6 1807 4724 30 0 558 9305
23-24 2910 204 4 3732 4356 28 0 580 11814
24-25 868 82 18 2544 1618 28 0 338 5496
25-26 4894 258 8 4646 4934 58 0 638 15436
26-27 3664 224 16 12072 2764 40 0 868 19648
27-28 1678 956 10 4886 1460 54 0 846 9890
28-29 2428 328 14 2988 2256 34 0 1056 9104
29-30 2732 146 6 2702 522 38 0 914 7056

34-35 208 196 6 7998 958 30 0 646 10042
39-40 1840 736 2 6732 20 26 0 860 10216
44-45 1070 560 0 1380 0 62 0 1044 4116
49-50 1778 1106 0 3360 0 82 0 2658 8984
59-60 706 876 0 2310 0 26 0 922 4840
69-70 307 706 0 2264 0 32 0 904 4276

R e p l ic a te s  
5-6  449 75 205 372 14 2 0 197 1314

10-11 2254 75 31 937 183 10 12 381 3883
15-16 930 5 32 186 34 30 0 237 1454
20-21 1760 24 14 444 520 38 0 310 3110
25-26 4488 160 0 4600 4648 4 0 572 14472
29-30 2922 216 16 2940 576 38 0 964 7672
49-50 1220 948 0 1066 2 102 0 1588 5926

a  A s t e r io n e l l a  fo rm o sa ; b S te p h a n o d isc u s  a is tra e a ;
c N i tz s c h ia  p a le a ;  d  S te p h a n o d isc u s  h a n tz s c h i i ;  
e  M e lo s ira  g r a n u la ta  f  M e lo s ira  v a r ia n s ;  
g C y c lo te l l a  p s e u d o s te l l ig e r a ;  h o th e r s ;  i  t o t a l



ROSTHERNE MERE
PI 8

(c o re  RM-M17)

A lg a l rem a in s  

( i n d i v id u a l s  p e r  5 p i  o f  f r e s h  sed im en t)

D epth
(cm)

a

t o t a l  ( fu ll)

b c d e f 9

0 - i 20 (1 ) 110 279 2 10 2 10
i- 1 111 (8 1 ) 173 83 0 2 1 10
1-2 201 (155 ) 126 35 2 32 0 16
2-3 153 (1 7 ) 72 44 11 16 3 74
3-4 5 (1 ) 94 73 12 8 5 65
4-5 6 810 59 4 3 0 5
5-6 9 (1 ) 422 112 2 14 1 11
6-7 9 254 57792 0 1 1 21
7-8 4 863 209 3 4 2 5
8-9 98 (2 ) 248 292 1 3 7 13
9-10 477 232 313 18 10 2 5

10-11 374 (1 ) 78 1047 0 2 10 3
11-12 79 (1 ) 49 111 62 15 2 4
12-13 29 264 148 32 16 1 4
13-14 19 743 56 23 2 1 4
14-15 8 675 80 7 1 2 1
15-16 5 303 173 72 0 0 10
16-17 7 (1 ) 824 916 27 2 2 3
17-18 93 452 74 28 0 9 9
18-19 11 549 668 13 0 0 13
19-20 1 231 183 23 0 2 11
20-21 46 36 437 10 7 16 14
21-22 236 18 1574 40 24 50 7
22-23 72 178 2614 16 0 12 14
23-24 62 130 1522 68 4 8 12
24-25 318 26 1760 446 6 12 38
25-26 164 30 1442 180 16 4 18
26-27 42 32 7472 84 2 18 22
27-28 10 122 1244 22 0 26 18
28-29 18 42 1606 26 2 36 24
29-30 62 4 4240 38 6 12 10

34-35 2?0 14 6976 0 0 38 4
39-40 120 0 11216 0 0 14 2
44-45 6 0 9552 0 0 8 12
49-50 22 4 12992 0 0 4 0

a C era tiu m  ( c y s t s )
b M ic ro c y s t is  ( c o lo n ie s )
c S te p h a n o d isc u s  a s t r a e a  ( c e l l s )
d A nabaena ( a k in e te s )
e Aphanizomenon ( a k in e te s )  
f  S tau rz is tru m  ( c e l l s )
g P e d ia s tru m  ( c o lo n ie s )



ROSTHERNE MERE
(core RM-M18)

Algal remains
(individuals per 5 pi of fresh sediment)

P19

D epth  a  
(cm)

t o t a l  (fu l])

b c d e f 9

O -i 58 ( 39) 136 133 1 3 4 20
i-1  65 (.40) 141 128 5 4 2 21
1-2 94 (;43) 157 119 6 1 4 18
2-3 116 (Î61) 178 132 5 5 8 30
3-4 103 ([44) 178 106 0 0 8 40
4-5 69 ( 12) 217 145 17 3 15 60
5-6 14 (! l ) 616 154 17 8 0 19
6-7 5 373 122 1 0 0 5
7-8 7 517 2405 0 3 1 9
8-9 9 673 4016 0 0 7 2
9-10 47 266 321 0 1 2 6

10-11 329 157 445 0 5 2 6
11-12 342 104 2853 4 0 26 8
12-13 229 70 583 3 2 8 4
13-14 34 48 168 57 13 1 2
14-15 14 399 83 30 2 0 12
15-16 3 776 41 1 1 1 0
16-17 7 226 46 0 2 3 8
17-18 6 479 64 0 0 1 6
18-19 9 831 607 5 1 0 3
19-20 31 459 344 53 0 3 5
20-21 17 589 349 13 2 9 9
21-22 6 582 516 91 2 7 30
22-23 15 317 340 89 7 21 13
23-24 247 185 1893 168 30 66 28
24-25 251 193 2051 96 13 60 17
25-26 88 148 2864 56 6 8 6
26-27 166 26 2346 310 6 11 21
27-28 134 28 2224 338 8 6 40
28-29 88 84 6000 222 8 16 26
29-30 18 46 2768 54 8 14 24

34-35 156 10 4256 18 10 4 4
39-40 116 8 4720 2 2 22 10
44-45 8 0 12320 0 0 4 0
49-50 62 0 4640 0 0 8 0
59-60 18 2 10048 2 2 14 10
69-70 36 0 1456 0 0 4 4
79-80 16 0 3020

a  C era tiu m  ( c y s t s )  
b M ic ro c y s tis  ( c o lo n ie s )  
c  S te p h a n o d isc u s  a s t r a e a  ( c e l l s )  
d Anabaena ( a k in e te s )  
e  Aphanizomenon ( a k in e te s )  
f  S ta u ra s tru m  ( c e l l s )  
g P e d ia s tru m  ( c o lo n ie s )

0 0 92 0



ROSTHERNE MERE
(core RM-M27)

Algal remains
(individuals per 5 pi of fresh sediment)

P 2 0

D epth
(cm)

t o t a l  ( f u l l )

0-1 4 (2 ) 24 0 0 0 7 1925 2 0
1-2 7 (0 ) 42 0 0 0 4 960 2 0
2-3 28 (4 ) 55 0 2 5 13 154 2 0
3-4 54 (2 ) 48 6 4 2 24 114 3 0
4-5 39 (3 ) 57 2 1 2 34 106 3 0
5-6 26 34 8 8 3 31 138 28 1
6-7 45 (2J 38 6 1 2 38 132 32 5
7-8 15 16 2 1 3 41 256 26 12
8-9 26 23 2 2 6 36 316 16 3
9-10 32 (o) 19 2 0 3 14 641 17 9

10-11 36 (2 ) 17 1 5 1 2 328 28 7
11-12 31 (0 ) 24 4 3 1 18 221 17 9
12-13 20 (0 ) 6 9 1 3 8 163 10 2
13-14 16 (0 ) 18 11 2 4 15 221 7 8
14-15 16 (0 ) 10 4 2 0 14 187 11 10
15-16 7 (o) 8 2 2 0 2 126 0 0
16-17 14 (01 2 7 0 1 4 157 0 0
17-18 29 (01 3 9 1 5 2 174 0 1
18-19 19 (01 1 8 1 5 4 406 0 0
19-20 19 (o) 0 1 0 2 0 170 0 1

a  C era tiu m  ( c y s t s )
b M ic ro c y s tis  ( c o lo n ie s )
c  A nabaena ( a k in e te s )
d Aphanizomenon ( a k in e te s )  
e  S tau rais trum  ( c e l l s )
f  P e d ia s tru m  ( c o lo n ie s )
g S te p h a n o d isc u s  a s t r a e a  ( c e l l s )
h C o e las tru m  (c o lo n ie s )
i  Scenedesm us ( c o lo n ie s )



P21

ROSTHERNE MERE

(core RM-M33)

A l g a l  r e m a in s

( i n d i v i d u a l s  p e r  5 p i  o f  f r e s h  s e d im e n t )

D epth a b c d e f 9 h i j k 1
(cm) t o t a l  ( fu ll)

0-1 796 0 51 77 2 1 2 (1 ) 9 9 5 11 7
1-2 322 25 5 68 0 4 8 13 7 4 7 5
2 -3 283 13 2 41 2 2 32 9 17 2 3 11
3 -4 291 0 0 77 2 2 24 (0 ) 2 10 4 5 10
4 -5 245 0 2 54 0 1 5 (0 ) 3 15 10 2 11
5-6 264 3 0 66 0 0 8 (o) 2 30 6 7 15
6 -7 323 8 0 56 0 0 24 (O) 0 183 12 3 8
7-8 681 22 0 58 0 0 52 (o) 0 149 6 3 8
8-9 383 2 0 41 0 0 37 0 45 4 0 10
9-10 497 38 0 27 0 1 12 (0 ) 0 65 12 3 6

a  S te p h a n o d isc u s  a s t r a e a  ( c e l l s )
b M e lo s ira  a r e n a r i a  ( c e l l s )
c  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 ts )
d M e lo s ira  v a r ia n s  ( c e l l s )
e Scenedesm us spp  ( c o lo n ie s )
f  C o e la s tru m  sp  ( c o lo n ie s )
g C era tiu m  h i r u n d i n e l l a  ( c y s t s )
h M ic ro c y s t is  spp ( c o lo n ie s )
i  A nabaena ( a k in e te s )
j  Aphanizomenon ( a k in e te s )
k S ta u ra s tru m  ( c o lo n ie s )
1 P e d ia s tru m  ( c o lo n ie s )



ROSTHERNE MERE -  SESTON TRAPS

P 2 2

D ate s  : S t a r t
I

I I
I I I

3 -8 -7 7
2 2 -9 -7 7
13-12-77
2 2 -3 -7 8

IV 16 -6 -7 8  
V 12 -9 -7 8  

VI 2 4 -1 -7 9

1• Volume
(m l)

I I I I I I IV V VI

to p 100 125 23 24 26 36
bottom 110 130 29 30 45 43

to p 100 130 21 19 20 32
m id d le 180 - 25 26 20 40
bottom 30 115 28 34 9 35

to p 50 120 23 27 19 30
bottom 160 100 28 32 20 38

2 . M ic ro c y s tis  spp
( c o lo n ie s /5  p i  f r e s h  s e s to n )

I I I I I I IV V VI

In flo w  - to p 129 124 10 4 15 3
- bo ttom 173 119 17 4 30 3

C e n tre  - to p 156 109 10 0 11 2
- m id d le 191 84 7 0 27 4
- bottom 117 115 18 0 32 3

O utflow  - to p 178 106 10 0 10 1
— bottom 263 155 4 0 38 2

3 . S te p h a n o d isc u s  a s t r a e a
( c e l l s / 5  p i  f r e s h  sed im en t)

I I I I I I IV V VI

In flo w  -  to p 2 2 75 4642 337 . 1327
-  bottom 5 3 64 5458 258 1200

C e n tre  -  to p 1 5 128 6610 366 1563
-  m idd le 3 3 79 5158 278 1167
-  bottom 6 2 67 7292 210 1196

O utflow  -  to p 5 2 114 4426 304 1732
-  bottom 13 3 44 5784 382 1268



P 2 3

4 . C era tiu m  h i r u n d i n e l l a
( c y s t s /5  p i  f r e s h  sed im en t)

I I I I I I IV V VI

to p 2 1 1 0 4 10
bo ttom 0 0 0 0 2 28

to p 0 2 0 0 3 23
m id d le 0 2 1 0 1 21
bo ttom 2 2 0 0 1 20

to p 1 1 0 0 3 24
bo ttom 0 1 0 2 3 22

5 . M e lo s ira  v a r ia n s
( c e l l s / 5  p i  f r e s h  sed im en t)

In flo w  -

C e n tre  -

O utflow  -

I I I I I I IV V VI

to p 0 40 132 1098 53 77
bottom 0 42 201 1046 36 662

to p 0 7 136 980 22 108
m id d le 0 9 158 956 17 99
bo ttom 0 16 166 876 21 90

to p 0 13 219 1646 33 105
bottom 0 22 61 1170 29 90

6• P e d ia s tru m  spp
( c o lo n ie s /5  p i  f r e s h  sed im en t)

I I I I I I IV V VI

to p 9 6 4 22 43 8
bottom 15 6 6 24 40 6

to p 5 5 12 14 34 16
m id d le 3 2 11 2 62 19
bottom 6 10 10 10 48 23

to p 24 4 6 14 34 17
bottom 13 15 8 16 73 13



7 . 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 ts  and mm/5 )il f r e s h  sed im en t)

P 2 4

I I I I I IV
nos mm

V I

In flo w  -  to p
-  bo ttom

8
194

0 .5
10

C e n tre  -  to p
-  m id d le
-  bo ttom

34
3032

574

2
259
133

O utflow  -  to p
-  bo ttom

39
92

8 . A nabaena spp
( à k in e te s /5  }il f r e s h  sed im en t)

I I I I I I IV V VI

to p 0 1 0 0 17 3
b o ttom 0 0 1 0 8 1

to p 2 1 0 2 44 1
m id d le 1 0 0 0 30 5
bo ttom 0 0 0 0 48 1

to p 0 0 0 12 40 0
bo ttom 0 0 0 0 68 0

9 . S ta u ra s tru m  (C o e la s tru m ) [Â n k y rJ
( c e l l s - c o l o n i e s / 5  f r e s h  sed im en t)

I I I I I I IV V VI

to p 2 1 0 16(0 ) 5 2 (4 ) 10 [a
bo ttom 2 0 0 2 (2 ) 42 ( 1 3 ) 16 [g

to p 3 1 0 4 (5 2 ) 5 9 (6 ) 12 [3I
m id d le 5 1 1 2 24) 4 7 (1 1 ) 16 [13
bottom 2 1 1 4 (8 ) 38 ( 1 7 ) 11 B#
to p 1 1 0 6 (1 0 ) 5 0 (1 ) 11 DÎ
bo ttom 4 0 0 8 (1 4 ) 66 ( 2 8 ) 13 D3



ESTHWAITE WATER -  C era tium  c y s t s  

• f u l l *  and (* em pty») c y s ts  p e r  5 p i  f r e s h  sed im en t

P 2 5

Date 0-1 cm 1-2  cm 2-3  cm 3 -4  cm 4-5 cm
1977

25 Ja n 56
8 Feb 57

22 Feb 21
8 Mar 55

15 Mar 28
22Mar 89
30 Mar 90

6 Apr 49
13 Apr 35
19 Apr 40
26 Apr 31

3 May 24
17 May 26
24 May 14
31 May 40i

8 June 28
14 June 10
21 June 10
28 June 62

6 J u ly 4
12 J u ly 2
19 J u ly 14
26 J u ly 26

2 Aug 17
12 Aug 13
16 Aug 34

6 S ep t 7
28 S ep t 29

4 Oct 18
13 Oct 48
18 Oct * 120
25 Oct 733

1 Nov 1516
8 Nov 136

15 Nov 192
29 Nov 422
20 Dec 207

1978
17 Ja n 83
14 Feb 355
28 Feb 246

4 Mar 12
25 Apr 218
23 May 30
27 June 260
28 J u ly 24
29 Aug 69
29 S ep t 59

7 Nov 407

19 (1 )  
94 (10 ) 
30 (1 1 ) 
65 (8 )  

259 (32 ) 
107 (23 ) 

64 (I8 j 
124 (72* 

14 (47 ' 
31 (32
42
77
24 (28 ) 
19 (49j 

7 (19 
17 (22, 
19 (46 
12 

7
16 (25 ) 
58 (6 0 )

0 (9 )
19 (3 5 ) 
64 (47 ) 
89 (51 )

476 (9 )
77 (107) 

439 (31
1 (15, 

732 (38
66 ( 72 )

443 ( 4 8 )

(4 9 ) 39 (39 )
( 4 4 ) 736 (62)

39 
736 
322 (4 1 ) 
373 (2 1 ) 
395 (81) 

49 ( 19 ) 
36 (88 ) 

133 ( 1O6 ) 
42 ( 58) 
39 ( 119) 
49 ( 70 )

29 (37, 
18 (14

47 (4 0 ;
0 (23

14 (14  
24 (40  
14 (82
44 ( 55 ' 
43 (34
45 (74, 
48 (64,
89 ( 205 ) 

319 ( 7 4 )
4 ( 2 )

32 ( 3 1 ) 
214

57 }:i

i!?17
3

21 ( 7 9 ' 
28 (62 

9 (2 7 ) 
155 ( 105 ) 

6 (3 2 ) 
98 ( 123 ) 
71 (6 7 ) 
40  ( 92 ) 
13 ( 172 )

301 (32

22 (63 )

9 ( 10 ; 
10 (16,

6 ( 54 ; 
44 ( 2 4 , 
18 (2 )
81 ( 99 ' 
12 ( 2 4 ,

4 ( 2 2 , 
427 ( 194 )

59 (127)
5 (196)

4 (42



P 2 6

ALGAL REMAINS - HIGHLAND BRITAIN

( in d iv id u a l s  p er 5 p i  f r e s h sed im en t)

ELTERWATER (ELT-J68)

D epth (cm) 0-1 1-2 2-3 3-4 4 -5

Scenedesm us 14 21 34 43 38
A nabaena 2 2 3 5 0
C h lo ro p h y c e a e _ 3 8 5 3 2
V olvox 1? 0 1 0 0
Cosmarium 0 1 0 1 2
P e d ia s tru m 0 0 1 0 0
S ta u ra s tru m 0 0 0 1 0

2 . GRASMERE (GM-M22) 

D epth  (cm) 0-1

S ta u ra s tru m
C hlo ro p h y ceae
A nabaena

53
7
0

1 - 2

29
0
0

2-3

9
0
1

3-4

4
0
0

4 -5

2
0
0

3 , CONISTON (deep  w a te r  m a te r ia l )

NO REMAINS

4 . WASTWATER (deep  w a te r  m a te r ia l )

NO REMAINS

WINDERMERE : so u th  b a s in (SB-M20)

D epth  (cm) 0-1 1-2 2-3

S ta u ra s tru m 63 6 0
C era tiu m 11 4 1



P27

6 .  CAM LOCH (CAM-M15)

D epth (cm) 0-1

A nabaena 20

1-2

1

2-3

18

7 . LOCH BORROLAN (BOR-MM)

NO REMAINS

8. BLELHAM TARN

D epth (cm)

T rach lem onas
S ta u ra s tru m
C era tiu m
M ic ro c y s tis
P e d ia s tru m
Scenedesm us
A nabaena

(BLE-MIO)

0-1

23
11

1
1
0
0
0

1 -2

41
7
2
1
1
0
0

2-3

13
2
1
1
0
0
0

3-4

11
1
0
1
0
1
0

4 -5

7
1
2
1
0
3

10

9 . LOCH BORRALIE

D epth (cm)

S ta u ra s tru m
P e d ia s tru m

(BRL-GOI)

0-1

2
0

1-2

1
1

2-3

0
0

10 . LOCH NA’THUILL (NAT-G02)

NO REMAINS



P 28

LOCH URIGILL (URG-G03)

D epth  (cm) 0-1 1-2 2 -3

.Anabaena 5 3 1

(URG-M13)

A nabaena 15 21 0

ESTHWAITE WATER (E ST -J67)

D ep th  (cm) 0-1 1-2 2 -3 3 -4 4 -5

C era tiu m 500(407) 119(49) 1 8 5 (1 3 ) 2 0 (5 ) 65(
M ic ro c y s t i s 24 11 6 5 0
A nabaena 77 123 3 1 8
S ta u ra s tru m 16 29 18 27 15

A lso  o b se rv e d ; T rach e lm o n as , Scenedesm us

ESTHWAITE JENXIN CORES

d e p th  (cm) number o f  C e ra tiu m  c y s t s / 5 0  p i  f r e s h  sed .

1 2 .1 0 .7 6 1 0 .1 1 .7 6 8 .1 2 ;7 6 2 1 .1 2 .7 6 25.1

0-1 86 420 304 344 560

1-2 86 145 76 1287 272

2 -3 0 26 311 42 6

3-4 1 17 146 20 0

4 -5 0 7 6 4 4
5-6 0 4 6 20 0

6 -7 0 29 0 12 2

7-8 0 4 0 0 2

8-9 0 0 0 2 0

9-10 0 0 0 8 0

10-11 0 0 0 0 0

11-12 0 0 0 0 0
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Confirmation of dating
by algal stratigraphy in Rostherne Mere

T h e  deep sediments of R ostherne M ere, Cheshire (National 
Grid Reference SJ 745843) offer a promising situation in which 
to study the relationship between biological stratification and 
radionuclide dating in the absence of gross bioturbation. The 
mere is small (46.5 hectare), but relatively deep (30 m maxi­
mum), and is reported to be largely devoid of benthic fauna in 
the persistently deoxygenated deep sedim ents'. The sediments 
of Rostherne M ere contain the rem ains of a great variety of 
algae, in addition to diatoms. The preservation of non-siliceous 
algae is uncomm on, although found in the sapropel deposits of 
the USSR^. In Rostherne the empty spores of Ceratium  
hirundinella O .F. Mull., Anabaena  species and A phanizo- 
menon flos-aquae (L) Ralfs are recognisable, as are colonies of 
Microcystis species and cells of Staurastrum  species. The 
phytoplankton of Rostherne M ere has been recorded at in ter­
vals since 1912 (refs 3 -5) and sampled more frequently from 
1962 (refs 6-8). The recent records (Table 1) show fluctuations 
in sum mer dominance, mainly between Ceratium hirundinella 
and Microcystis aeruginosa Kütz. em end., but blue-green algae 
have become increasingly dominant^. These changes, combined 
with occasional maxima of the diatoms Melosira granulata 
(Ehr ) Ralfs, Cyclotella pseudostelligera Must, and Stephanodis- 
cus astraea (Ehr.) G run., can be correlated with algal assem ­
blages in the sedim ents and perm it these to be accurately dated. 
We now report that such algal rem ains from the lake sediment 
have been used to establish a detailed chronology which is 
shown to confirm the '^^Cs dating m ethod.

Three 1-m cores'" extracted from the deepest area of the 
mere were examined throughout for algal remains, and all 
showeë - thc same well-defined sliatigraptry. The algal species' 
which are most num erous in the upper 25 cm of the cores are 
shown in Fig. 1 (a -e ), and the patterns found reflect the changes 
in plankton dominance. Thus an ‘algal chronology’ can be 
constructed by comparing the sediment biostratigraphy with the 
observed and dated records of the plankton (Fig. Ig). The fact 
that the remains of many different algae are recognisable in the 
bottom deposits of Rostherne Mere perm its a detailed cor­
relation. Hence, the Cerarium -dom inant years of 1963, 1971 
and 1975 are allocated to the 17-cm, 9-cm and 3-cm horizons, 
respectively (Fig. 1 e,d).

Two of the cores were dated by the distribution pattern of 
' ” Cs (refs I 1,12). Sections 1 cm thick were dried and analysed 
by y-ray spectrom etry'^ using a germ anium (lithium) detector. 
The position of greatest concentration of '^^Cs, corresponding 
to 1963, occurred at a depth of —17 cm in both cores and this 
dem onstrates consistency between the cores and also agrees

Fig. 1 Algal and caesium  stratigraphy, a, Ceratium hirundinella 
spores; b. Microcystis spp. colonies; c, Stephanodiscus astraea 
ceils; d. Melosira granulata  cells; e, Cyclotella pseudostelligera 
cells; /, caesium -137 pCi per section; g, algal chronology, a -c . 
Num bers expressed per 5 |xl of fresh sedim ent, d,e, per 0.1 p.] of 
fresh sedim ent. A  1-cm thick section of a core contains 29 ml of 

fresh sedim ent.
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with the chronology established from the algal record. The ‘^^Cs 
profile from one of the cores is shown in Fig. 1 /. An earlier core 
dated by the ' ^^Cs m ethod and reported  by Ga&kelLand Eglin- 
ton'* showed about half the accumulation rate of the present 
cores. Such variations in accumulation rate at different locations 
are not unusual and have been discussed elsewhere

The deep sediments of Rostherne Mere have proved to be an 
ideal environm ent for the preservation of a variety of non- 
siliceous algae. Much of the sediment volume is derived from the 
high algal productivity of the mere, and these autochthonous 
deposits give a detailed insight into past phytoplankton com ­
munities. Also, the high rate of sedim ent accumulation 
(— 1 cm yr ') ensures that a 1-cm slice provides adequate 
resolution of annual increments. The apparent absence of large 
benthic animals ensures that the ordered structure of the stra ti­
graphie column is not likely to be grossly disrupted by b io tur­
bation, and this is confirmed by the identical position of the '^^Cs 
peak in both the cores analysed.

Such conditions will not necessarily apply in o ther lakes, 
where there may be greater diffusion in the sedim ent column or

Table 1 Collected phytoplankton data 1962-77

Year C  hirundinella Microcystis spp. S. astraea M. granulata C. pseudostelligera

1977 Rare A bundant Rare Rare Rare
1976 No record — — — —

1975 A bundant Rare No record No record No record
1974 No record — — — —

1973 Common A bundant A bundant Common Rare
1972 Com m on A bundant Com m on Com m on R are
1971 A bundant Rare Rare Rare Com m on
1970 No record — — — —

1969 No record — — — —

1968 Rare Rare Rare A bundant Rare
1967 Com m on Com m on Com m on Rare Rare
1966 Rare A bundant Com m on Com m on Rare
1965 Common A bundant Com m on Com m on R are
1964 Com m on A bundant Com m on Com m on R are
1963 A bundant A bundant R are Rare Rare
1962 Rare A bundant R are R are Rare

Sources; 1962-63, ref. 6; 1964-66, ref. 7; 1967-77, ref. 8. No data available for 1976, 74, 70 and 69.



m ore significant con tribu tion  from  the catchm ent. R ostherne 
M ere is unusual because of the high au toch thonous con tribu tion  
to the  sedim ent and small inflow of fine particu la te  allo- 
chthonous m aterial. This is the first site in G rea t B ritain  a t which 
independen t evidence has been found  for the  validity of the 
dating  of lake sedim ents p rovided by ‘^^Cs.
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