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VAKIATIONS I N  DENSITIES OF INVEKTEBKATE BENTHOS 
OF THE CLYDE ESTUARY TIDAL FLATS 

The Clyde Es tua ry  i s  r ecogn i sed  a s  an impor t an t  a r e a  
f o r  o v e r w i n t e r i n g  f l o c k s  of ducks and waders (Smyth e t  a l . ,  
1974. Here we draw a t t e n t i o n  t o  some o f  t h e  s p a t i a l  and 
temporal v a r i a t i o n s  i n  the  i n v e r t e b r a t e  p o p u l a t i o n s  on 
which t h e s e  b i r d s  f e e d ,  Smyth e t  a1.(1977)  d i s c u s s  
p o s s i b l e  r e l a t i o n s h i p s  between the  b i r d  p o p u l a t i o n s  and 
t h e i r  i n v e r t e b r a t e  prey.  A 12-month s u r v e y ,  1976-77, 
p rov ides  t h e  main in fo rma t ion  on numbers of f e e d i n g  
b i r d s  ( H a l l i d a y ,  19781, complemented by sampling o v e r  t h e  
e s t u a r i n e  f l a t s  f o r  i n v e r t e b r a t e  prey s p e c i e s  and f o r  
chemical  environmental  f a c t o r s :  s a l i n i t y ,  o r g a n i c  ca rbon ,  
o r g a n i c  n i t r o g e n ,  d i s s o l v e d  oxygen, a s  wel l  a s  sediment  
g rades .  Although t h e r e  i s  no c o n s t a n t  mon i to r ing  shceme 
f o r  t h e  e s t u a r i n e  f l a t s ,  a series of s u r v e y s  p rov ide  d a t a  
ove r  t he  p e r i o d  1973-1981. 

1976/77 b i r d  su rvey  have been  used t o  examine s p a t i a l  
v a r i a t i o n s  by means of t r e n d  s u r f a c e  a n a l y s i s  u s i n g  a 
third-degree polynomial model ( C u r t i s ,  1978).  The 
d i s t r i b u t i o n  p a t t e r n s  i n d i c a t e d  f a u n a l  groupings:  
Corophium v o l u t a t o r  Pallas,  Nereis d i v e r s i c o l o r  (O.F. 
Mul le r )  , Manayunkia a e s t u a r i n a  (Bourne) and T u b i f e x  
c o s t a t u s  Claperede were d i s t i n c t  from Hydrobia u l v a e  
(Pennan t ) ,  Macoma b a l t h i c a  L. and P e l o s c o l e x  benedeni  
(Udekem) w i t h  P y g o s p i o ' e l e g a n s  Clap. i n t e r m e d i a t e .  I t  was 
u s u a l l y  p o s s i b l e  t o  u s e  s p a t i a l  c o o r d i n a t e s  t o  p r e d i c t  
w e l l  t h e  s p e c i e s '  d e n s i t i e s  and community pa rame te r s  
( s p e c i e s  r i c h n e s s  and d i v e r s i t y ,  as well a s  env i ronmen ta l  
f a c t o r s ) . H .  u l v a e  showed markedlv Datchv d i s t r i b u t i o n .  

Coord ina te s  on t h e  0 .2  x 0 . 2  km sampling g r i d  of t h e  

,- a .  

C. v o l u t a t o r ,  N. d i v e r s i c o l o r  and H.  u l v a e  v a r i e d  
mainly a long  t h e  e s t u a r y ,  whereas t h e  o t h e r  species v a r i e d  
more w i t h  h e i g h t  up the-  s h o r e .  
1974 and i n t e r s t i t i a l  s a l i n i t y  i n  1976 showed g r a d a t i o n  
a l o n g  t h e  e s t u a r y ,  s u r f a c e  s a l i n i t y  i n  1976 v a r i e d  more 
a c r o s s  t h e  s h o r e ,  a s  d i d  t h e  l e v e l s  of  o r g a n i c  ca rbon  
and n i t r o g e n  

S p a t i a l  p a t t e r n s  f tom t h e  t r e n d  s u r f a c e  a n a l y s i s  
showed good agreement between su rveys  € o r  most s p e c i e s .  

While ave rage -  s a l i n i t y  i n  
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However, f o r  H.  u lvae ,  va lues  of Spearman rank c o r r e l a t i o n  
c o e f f i c i e n t  comparing the  1973 sample wi th  four  q u a r t e r l y  
samples through t h e  1974 survey and t h e  two samples from 
1976177 are:- -0.31. -0.26, 0.06, 0.20, 0.52 and 0.59. 
These i n d i c a t e  a marked change i n  d i s t r i b u t i o n  between 
1973 and 1974 followed by a slow r e t u r n  to  the  o r i g i n a l  
p a t t e r n .  
o rganic  carbon i n  1974175 samples,  fol lowing the  Glasgow 
sewage workers '  s t r i k e  i n  l a t e  1974. 

I n  s p i t e  of t h e i r  r e l a t i v e  constancy i n  d i s t r i b u t i o n  
p a t t e r n ,  the  o t h e r  two main macrofaunal spec ie s ,  C .  ' 

v o l u t a t o r  and N .  d i v e r s i c o l o r ,  showed marked temporal 
f l u c t u a t i o n s  i n  terms of t h e i r  average d e n s i t i e s :  

D. J. CURTIS AND J. C. SMYTH 

This  change co inc ides  wi th  h igh  l e v e l s  of 

Corophium v o l u t a t o r  Nereis  d i v e r s i c o l o r  
3 2 1973 Jul-Sept  (a )  3.9 1.1 (10 per m ) 

1974 Oct-Dec (b) 5.2 3.2 
1975 Jan-Mar (b) 4 .O 3.7 

Apr-Jun (b) 2.5 2.7 
Jul-Sept  (b) 2.3 3 .4  
Oct-Dec (b) 9.1 4.0 

1976 May-Nov (c )  4 .3  2 .o 
I77 Dec-May (c)  2.5 1 . 4  

1978 Mar-May (d) 3.9 2.4 
Jun-Aug (d) 11.5 3.1 
Sept-Oct (d) 14.8 4.4 

1979 Mar (e)  4 .3  3 .2  
1980 Mar ( f )  0.05 0.9 

Aug-Sept (g> 2.9 3.9 
Oct (h) 5.3 2.7 

1981 Jan  (h)  1.8 2.8 
(Data sources  a - h ind ica t ed  i n  r e fe rences  below 

The apparent  near -ex t inc t ion  of C. v o l u t a t o r  i n  March 
1980 i s  of p a r t i c u l a r  i n t e r e s t  and may be one a spec t  of a n  
ecologica l  syndrome over  which concern has been expressed 
by var ious  p a r t i e s  (Perk ins ,  1981). J u s t  as these  
i n v e r t e b r a t e  populat ions f l u c t u a t e ,  so the  numbers of t h e i r  
b i r d  p reda to r s  rise and f a l l ,  as noted f o r  example by 
Furness 8 Galb ra i th  (1980),  caus ing  anx ie ty  t o  o r n i t h o l o g i s t s  
and conse rva t ion i s t s ;  d i r e c t  obse rva t ions  by D.B.A. 
Thompson, C . A .  Galb ra i th  and P.S. Thompson have provided 
da ta  on the consumption of t hese  prey spec ie s  by some of 
t he  Clyde b i r d s .  Fur ther  a n a l y s i s  of the  d a t a  p r e s e n t l y  
a v a i l a b l e ,  t oge the r  wi th  cont inuing  d a t a  a c q u i s i t i o n  w i l l  
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VARIATIONS OF INVERTEBRATE BENTHOS 59 

improve our understanding of the causative agents, 
including chemical environmental factors, affecting the 
changes in invertebrate numbers, so that the Clyde 
estuarine ecosystem may be effectively managed. 
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