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ABSTRACT 

1. F o u r t e e n f o r e s t f i r e ponds were sampled a t Hamsterley 

F o r e s t (NZ 0030) t o d e t e r m i n e t h e c o m p o s i t i o n of t h e i r a q u a t i c 

C o l e o p t e r a , H e m i p t e r a - H e t e r o p t e r a and p l a n t macrophyte 

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

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

a t t r i b u t e s and w a t e r c h e m i s t r y of the ponds were measured. 

2. The ponds were c l a s s i f i e d on t h e b a s i s of t h e i r 

i n v e r t e b r a t e a s s e m b l a g e s and a l s o on t h e b a s i s of t h e i r f l o r a 

u s i n g two-Way i n d i c a t o r s p e c i e s a n a l y s i s (TWINSPAN). Ponds were 

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

d e t r e n d e d c o r r e s p o n d e n c e a n a l y s i s (DECORANA). Community 

c o m p o s i t i o n was r e l a t e d t o e n v i r o n m e n t a l v a r i a b l e s by means of 

c a n o n i c a l c o r r e s p o n d e n c e a n a l y s i s (CANOCO). 

3. TWINSPAN and DECOflANA i n d i c a t e d major d i v i s i o n s between 

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

r e s e r v o i r s , l a r g e r e x p o s e d f o r e s t ponds and moorland p o o l s . 

4. CANOCO r e v e a l e d t h a t t h e major e n v i r o n m e n t a l d e t e r m i n a n t s 

o f i n v e r t e b r a t e community c o m p o s i t i o n were shade, a r e a , age, pH 

and c o n d u c t i v i t y . 

5. The ponds were found t o support m o s t l y common s p e c i e s 

a s s e m b l a g e s , but n e v e r t h e l e s s e x h i b i t e d i m p o r t a n t d i f f e r e n c e s 

w h i c h have i m p l i c a t i o n s f o r t h e c o n s t r u c t i o n and subsequent 

management of f o r e s t f i r e ponds f o r c o n s e r v a t i o n . The ponds 



u n d o u b t e d l y c o n t r i b u t e t o t h e d i v e r s i t y and c o n s e r v a t i o n v a l u e of 

t h e f o r e s t h a b i t a t a s a whole. 
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INTRODUCTION 

Throughout h i s t o r y t h e d r a i n a g e and r e c l a m a t i o n of wetl a n d s 

h a s been s e c o n d o n l y t o f o r e s t c l e a r a n c e among t h e major human 

i m p a c t s on t h e e n v i r o n m e n t . The need f o r w e l l d r a i n e d f e r t i l e 

f a r m l a n d has been a major f a c t o r i n t h e l o s s of n a t u r a l w e t l a n d s , 

p a r t i c u l a r l y i n l o w l a n d B r i t a i n . The d r a i n a g e of f e r t i l e , but wet 

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

c u l t i v a t i o n of a range o f c e r e a l c r o p s . I n B r i t a i n c o n t r o l of the 

s n a i l s t h a t a r e an i n t e r m e d i a r y h o s t of t h e l i v e r f l u k e i s a l s o 

an i m p o r t a n t f a c t o r i n t h e d r a i n a g e of some f a r m l a n d . 

Not a l l w e t l a n d d r a i n a g e has been f o r a g r i c u l t u r e . The 

d r a i n a g e of l o w l a n d and u p l a n d p e a t bog e c o s y s t e m s has long been 

a c o n s e q u e n c e of t h e i r e x p l o i t a t i o n f o r f u e l and h o r t i c u l t u r a l 

u s e . But r e c e n t l y , w i t h t h e e x p a n s i o n of B r i t i s h f o r e s t r y , the 

d r a i n a g e of t h e s e e c o s y s t e m s has been w i d e s p r e a d . At t h e time of 

t h e e s t a b l i s h m e n t of t h e F o r e s t r y Commission i n 1919 l e s s than 

f i v e p e r c e n t of B r i t a i n ' s l a n d was wooded. The t o t a l a r e a of 

f o r e s t i n B r i t a i n i s now over two m i l l i o n h e c t a r e s or 

a p p r o x i m a t e l y 10 p e r c e n t of t h e t o t a l l a n d a r e a . The two m i l l i o n 

h e c t a r e s i s d i v i d e d a p p r o x i m a t e l y i n t o t w o - t h i r d s c o n i f e r and 

o n e - t h i r d b r o a d l e a v e d s p e c i e s . A p p r o x i m a t e l y 80 per c e n t of the 

c o n i f e r a r e a i s under 35 y e a r s o l d ( F o r e s t r y Commission, 1988a). 

The t o t a l a r e a of b l a n k e t bog i n C a i t h n e s s and S u t h e r l a n d i s 

e s t i m a t e d t o have c o v e r e d 401,375 h e c t a r e s b e f o r e a f f o r e s t a t i o n . 

S i n c e t h e n , a t l e a s t 79,350 h e c t a r e s have been p l a n t e d or a r e 

programmed f o r p l a n t i n g (Nature C o n s e r v a n c y C o u n c i l , 1987). 

S u c c e s s f u l a f f o r e s t a t i o n r e q u i r e s deep p l o u g h i n g and d r a i n i n g 

w h i c h d i s r u p t s w a t e r - t a b l e s and s u r f a c e f l o w p a t t e r n s and l e a d s 
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t o l o n g e r - t e r m e r o s i o n , s h r i n k a g e , deep c r a c k i n g and o x i d a t i o n of 

p e a t . As t h e t r e e s become e s t a b l i s h e d , h i g h e r e v a p o - t r a n s p i r a t i o n 

r a t e s l o w e r t h e w a t e r - t a b l e and f u r t h e r change s o i l s t r u c t u r e . 

The more h y d r o p h i l o u s p l a n t s p e c i e s a r e l o s t , though t h e d r i e r 

f a c i e s o f bog communities may p e r s i s t . F l u s h bog, f l u s h and 

s p r i n g c o m m u n i t i e s u s u a l l y depend on the maintenance of a 

c o n c e n t r a t e d w a t e r f l o w a t or n e a r t h e ground s u r f a c e and a r e 

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

W etland d r a i n a g e has l e d t o t h e d e c l i n e or l o s s of many 

w e t l a n d a n i m a l s i n B r i t a i n . E a r l i e r d r a i n a g e f o l l o w i n g the Saxon 

c o l o n i s a t i o n and opening up of the v a l l e y s was p r o b a b l y mainly 

r e s p o n s i b l e f o r t h e l o s s of t h e b e a v e r ( C a s t o r fiber) . O t t e r 

( L u t r a lutra) p o p u l a t i o n s a r e now d e c l i n i n g throughout the 

l o w l a n d s , due m a i n l y t o t h e c a n a l i s a t i o n and p o l l u t i o n of 

w a t e r w a y s , and t o w e t l a n d d r a i n a g e (Nature C o n s e r v a n c y C o u n c i l , 

1 9 7 7 ) . The b i t t e r n (Botaurus stellaris), a s p e c i e s l a r g e l y 

c o n f i n e d i n B r i t a i n t o a few e x t e n s i v e E a s t A n g l i a n reedbeds, has 

d e c l i n e d i n r e c e n t y e a r s . I n 1976 a n a t i o n a l c e n s u s e s t i m a t e d 45 

t o 47 p a i r s (Day & W i l s o n , 1 9 7 8 ) . Many s m a l l e r a n i m a l s and p l a n t s 

have s u r v i v e d d r a i n a g e b e t t e r b e c a u s e they do not need the same 

e x t e n s i v e and c o n t i n u o u s t r a c t s as do t h e l a r g e r s p e c i e s . I n many 

o l d w e t l a n d a r e a s , the dykes and ponds harbour the remnants of 

p l a n t and a n i m a l communities t y p i c a l of the once v a s t w e t l a n d 

e c o s y s t e m s . F o s t e r e t a i (1989) found t h a t a r i c h water b e e t l e 

f a u n a h a s s u r v i v e d i n d r a i n a g e s ystems i n a r a b l e f e n around the 

Wash d e s p i t e i n t e n s i f i c a t i o n of w a ter management. 

R e s e r v o i r s , g r a v e l p i t s and o t h e r man-made w e t l a n d s have to 

some e x t e n t compensated f o r the l o s s of n a t u r a l w e t l a n d s . They 

have, f o r example, l e d t o t h e i n c r e a s e and s p r e a d of p o p u l a t i o n s 

11 



o f many s p e c i e s of w i l d f o w l i n c l u d i n g t h e g r e a t c r e s t e d grebe 

(Podiceps cristatus), t u f t e d duck {Aythya fuligula) , pochard 

{A.ferina) and smew (Mergus albellus) (Green, 1985). However, 

l o s s and d e g r a d a t i o n of t h e s e h a b i t a t s i s a l s o t a k i n g p l a c e . 

S u r v e y s i n s e v e r a l c o u n t i e s of l o w l a n d E n g l a n d i n d i c a t e t h a t i n 

mixed f a r m i n g and a r a b l e a r e a s a t l e a s t h a l f t h e farm ponds have 

d i s a p p e a r e d i n t h e l a s t f i f t y y e a r s (Nature C o n s e r v a n c y C o u n c i l , 

1 9 8 6 ) . W i t h i n c r e a s i n g a r e a s b e i n g ploughed and the advent of 

p i p e d w a t e r s u p p l i e s f o r s t o c k , ponds have l o s t t h e i r u s e f u l n e s s 

and many have been f i l l e d i n , used as r e f u s e t i p s , or through 

n e g l e c t have r e v e r t e d t o dry ground. 

On l a n d where t h e water t a b l e has been a r t i f i c i a l l y lowered, 

ponds and s h a l l o w d i t c h e s may dry out p e r m a n e n t l y and a network 

of s h a l l o w d i t c h e s can become re d u c e d t o a few deep water 

c o u r s e s . Even t h e d eeper d i t c h e s may have u n n a t u r a l l y f l u c t u a t i n g 

w a t e r l e v e l s . L a c k of water i n d i t c h e s i n s p r i n g i s p a r t i c u l a r l y 

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

D r i s c o l l (1985) e m p h a s i s e d t h e d i f f e r e n c e s between t h e dykes 

o f g r a z i n g f e n and t h o s e of a r a b l e f e n . A r a b l e l a n d dykes are 

u s e d s o l e l y f o r d r a i n a g e and l e v e l s need o n l y be h i g h when water 

i s b e i n g s u p p l i e d f o r i r r i g a t i o n . These dykes can be r e p l a c e d by 

p i p i n g and much of t h e l o s s of h a b i t a t q u a l i t y i n a r a b l e f e n s has 

been due t o t h e i r r emoval. I n g r a z i n g f e n t h e dykes must be 

m a i n t a i n e d t o p r o v i d e water f o r s t o c k . C o n s e q u e n t l y the bank 

s l o p e s a r e low and g r a z e d s h o r t and w a t e r l e v e l s a r e kept h i g h . 

I n a r a b l e f e n s d y k e s can be s t e e p - s i d e d and g r a z i n g i s r e p l a c e d 

by c u t t i n g , b u r n i n g or h e r b i c i d e t r e a t m e n t . I n e v i t a b l y t h e r e i s a 

l o s s o f p l a n t d i v e r s i t y which c o u l d r e s u l t i n a l o s s of 

i n v e r t e b r a t e d i v e r s i t y . 

12 



D e g r a d a t i o n of e x i s t i n g ponds and d i t c h e s may a l s o occur 

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

a g r i c u l t u r a l or d o m e s t i c e f f l u e n t . S i l a g e l i q u o r can be a s e r i o u s 

p o l l u t a n t . Domestic w a t e r b i r d s or v i s i t i n g c a t t l e can a l s o cause 

f o u l i n g o f t h e w a t e r . N u t r i e n t e n r i c h m e n t from both o r g a n i c and 

i n o r g a n i c s o u r c e s can l e a d t o a l g a l blooms which may i n h i b i t the 

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

a n i m a l s t h r o u g h d e o x y g e n a t i o n . A q u a t i c h e r b i c i d e s may produce 

s i m i l a r e f f e c t s . 

The d e c l i n e of t h e common f r o g (Rana temporia) i n the p a s t 

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

and l o s s o f s u i t a b l e w e t l a n d h a b i t a t . I n 20 Km^ around Kimbolton 

i n H u n t i n g d o n s h i r e 35 p e r c e n t of ponds were l o s t between 1950 

and 1969 ( R e l t o n , 1972) . The d e n s i t y of f r o g s i n the Huntingdon 

a r e a i s now o n l y about one a d u l t per 40 h e c t a r e s , which 

r e p r e s e n t s a l o s s s i n c e t h e 1930's of over 99 per c e n t (Nature 

C o n s e r v a n c y C o u n c i l , 1 9 8 6 ) . The f r o g i s one of the c h i e f items i n 

t h e d i e t of many l a r g e r b i r d s and mammals. I t ' s d e c l i n e may have 

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

The s e n s i t i v e management of e x i s t i n g ponds and the 

c o n s t r u c t i o n of new ponds both make a s i g n i f i c a n t c o n t r i b u t i o n to 

t h e c o n s e r v a t i o n of f r e s h w a t e r c o m m u n i t i e s . T h i s i s p a r t i c u l a r l y 

r e l e v a n t i n f o r e s t r y p l a n t a t i o n s as t h e W i l d l i f e and C o u n t r y s i d e 

(Amendment) A c t 1985 amended t h e F o r e s t r y Act 1967 t o p l a c e a 

d u t y on t h e F o r e s t r y Commission t o endeavour t o a c h i e v e a 

r e a s o n a b l e b a l a n c e between t h e i n t e r e s t s of f o r e s t r y and t h o s e of 

t h e e n v i r o n m e n t . Pond c o n s t r u c t i o n p r i m a r i l y f o r c o n s e r v a t i o n 

p u r p o s e s has l a t e l y been e n c o u r a g e d by t h e F o r e s t r y Commission 

( F o r e s t r y Commission, 1985) and an i n c r e a s e d awareness of 
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f o r e s t r y p r a c t i c e s d e s i g n e d t o p r o t e c t f r e s h w a t e r s now e x i s t s 

( F o r e s t r y Commission, 19 8 8 b ) . 

At H a m s t e r l y F o r e s t (NZ 0030) t h e F o r e s t r y Commission have 

c o n s t r u c t e d a p p r o x i m a t e l y twenty ponds and w a t e r h o l e s i n the 

p a s t f i f t y y e a r s . Of t h e s e , about h a l f have been e s t a b l i s h e d 

s i n c e 1983 (B.Walker p e r s comm). E a r l i e r ponds were c o n s t r u c t e d 

s o l e l y as f i r e r e s e r v o i r s and t e n d t o be s m a l l , s t e e p - s i d e d , 

h e a v i l y shaded and p o l l u t e d by l a r g e q u a n t i t i e s of c o n i f e r o u s 

l i t t e r . At l e a s t two were l i n e d w i t h c o n c r e t e . R e c e n t l y ponds 

have been c o n s t r u c t e d w i t h g r e a t e r emphasis on c o n s e r v a t i o n . 

L a t e r ponds a r e l a r g e r , l e s s s t e e p s i d e d and l o c a t e d i n open 

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

l i t t e r . 

I n t h e p r e s e n t s t u d y I have i n v e s t i g a t e d t h e d i v e r s i t y and 

c o m p o s i t i o n of a s s e m b l a g e s of a q u a t i c C o l e o p t e r a and Hemiptera-

H e t e r o p t e r a i n ponds a t H a m s t e r l e y F o r e s t . The ponds c o n s i d e r e d 

v a r i e d i n terms of t h e i r age, a r e a and p h y s i c o - c h e m i c a l and 

b i o t i c c h a r a c t e r i s t i c s . The i n f l u e n c e of such f a c t o r s on the 

n a t u r e of C o l e o p t e r a and H e m i p t e r a - H e t e r o p t e r a a s s e m b l a g e s was 

a s s e s s e d , u s i n g m u l t i v a r i a t e a n a l y s i s , w i t h a view t o i d e n t i f y i n g 

f a c t o r s of i m p o r t a n c e i n d e s i g n i n g , c o n s t r u c t i n g and managing 

f i r e r e s e r v o i r s of h i g h c o n s e r v a t i o n p o t e n t i a l . 
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SITE DESCRIPTION 

Study a r e a 

The s t u d y was c a r r i e d out i n H a m s t e r l y F o r e s t i n Weardale (NZ 

0 0 3 0 ) , a p p r o x i m a t e l y 32 Km s o u t h - w e s t of Durham C i t y . The f o r e s t 

c o v e r s an a r e a of 2000 ha and e x t e n d s a p p r o x i m a t e l y from 150 to 

400m i n a l t i t u d e . 

The l a n d was p u r c h a s e d by t h e F o r e s t r y Commission i n 1927 and 

t h e i n i t i a l p l a n t i n g of the f o r e s t took p l a c e between 1927 and 

1951. H a r v e s t i n g of t h e i n i t i a l c r o p has been t a k i n g p l a c e f o r 

some y e a r s and as t h i s p r o c e e d s the f o r e s t i s b e i n g r e s t r u c t u r e d 

t o i n c o r p o r a t e new i d e a s and p r a c t i c e s f o r f o r e s t r y , and 

l a n d s c a p e and w i l d l i f e c o n s e r v a t i o n . These i n c l u d e the 

development of a v a r i e d f o r e s t s t r u c t u r e and the e s t a b l i s h m e n t of 

a d d i t i o n a l c o n s e r v a t i o n a r e a s and ponds. The f i g u r e s below show 

t h e p r o p o r t i o n a l l a n d u s e of the f o r e s t a t the p r e s e n t t ime: 

C o n i f e r o u s woodland 82.5% 

B r o a d l e a v e d woodland 8.0% 

P a s t u r e s and meadows 4.5% 

C o n s e r v a t i o n a r e a s 2.0% 

R e c r e a t i o n a l g r a s s l a n d 1.0% 

F o r e s t r i d e s and roads 2.0% 

The u n d e r l y i n g g e ology of t h e a r e a i s sand and mudstone of 

m i l l s t o n e g r i t age w i t h t h e s m a l l v o l c a n i c H e t t Dyke running 

n o r t h - e a s t t o s o u t h - w e s t through t h e e a s t e r n s e c t i o n of the 

f o r e s t . The s o i l s a r e m o s t l y p e a t y g l e y s . 
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Description of ponds studied 

The a p p r o x i m a t e l o c a t i o n s of t h e s i x t e e n ponds s t u d i e d a r e 

shown i n F i g . 1. The e x a c t l o c a t i o n s and y e a r of c o n s t r u c t i o n of 

t h e ponds a r e g i v e n i n T a b l e 1. 

Fire Reservoirs 1, 2, 3 & 4 

F i r e R e s e r v o i r s 1, 2, 3 & 4 a r e s i t u a t e d i n t he south-west 

r e g i o n o f H a m s t e r l y F o r e s t ( F i g . 1, T a b l e 1 ) . These ponds were 

c o n s t r u c t e d i n 1948 when t h e p r e s e n t c r o p was p l a n t e d . R e s e r v o i r s 

1, 2 & 3 a r e s i t u a t e d i n peat and R e s e r v o i r 4 i n a p e a t y g l e y . 

The f o u r ponds a r e r e l a t i v e l y s m a l l (<26m2), s t e e p - s i d e d and do 

not e x c e e d 1.2m i n depth. R e s e r v o i r s 1, 2 & 4 a r e h e a v i l y shaded 

by s i t k a s p r u c e ( P i c e a sitchensis) and a r e d e v o i d of v e g e t a t i o n , 

w i t h t h e e x c e p t i o n of R e s e r v o i r 4, which s u p p o r t s a l i t t l e Juncus 

effusus. F i r e R e s e r v o i r 3 r e c e i v e s l e s s d i r e c t s h a d i n g from the 

s u r r o u n d i n g c r o p and s u p p o r t s an abundance of submerged Sphagnum 

moss. The ponds r e c e i v e a l a r g e i n p u t of c o n i f e r o u s l i t t e r and 

d r a i n a g e from t h e nearby f o r e s t r o a d s, which a r e s u r f a c e d w i t h 

p u l v e r i s e d b r i c k , p r o b a b l y i n f l u e n c e s t h e i r water c h e m i s t r y . 

Fire Reservoirs 5 & 6 

F i r e R e s e r v o i r s 5 & 6 a r e s i t u a t e d towards t h e north-west 

c o r n e r of t h e f o r e s t ( F i g . 1, T a b l e 1 ) . The ponds were 

c o n s t r u c t e d i n 1951 a t t h e time of t h e e s t a b l i s h m e n t of the 

p r e s e n t c r o p . They a r e of s i m i l a r s i z e t o t h o s e ponds d i s c u s s e d 

above and have a depth of a p p r o x i m a t e l y 1.5m. 

F i r e R e s e r v o i r 5 i s s i t e d i n a p e a t y g l e y . The pond r e c e i v e s 

no d i r e c t s h a d i n g and c o n s e q u e n t l y s u p p o r t s an abundance of 
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TABLE 1. L o c a t i o n s and year o f c o n s t r u c t i o n o f ponds 
s t u d i e d . 

N 2 GRID REF NAME YEAR 

01 NZ 018 282 F l F i r e R e s e r v o i r 1 1948 
02 NZ 019 281 F2 F i r e R e s e r v o i r 2 1948 
03 NZ 019 280 F3 F i r e R e s e r v o i r 3 1948 
04 NZ 027 279 F4 F i r e R e s e r v o i r 4 1948 
05 NZ 018 307 F5 F i r e R e s e r v o i r 5 1951 
06 NZ 024 305 F6 F i r e R e s e r v o i r 6 1951 
07 NZ 029 298 RL Redgate S h i e l d (lower) 1983-87 

08 NZ 029 299 RM Redgate S h i e l d (middle) p r e 1927 

09 NZ 029 299 RU Redgate S h i e l d (upper) pre 1927 
10 NZ 088 311 PS Pooh S t i c k Pond 1985 
11 NZ 050 298 EB Euden Beck Pond 1985-86 
12 NZ 079 317 MF M i l l f i e l d Pond 1987 

13 NZ 021 276 EU Everpool (upper) pre 1851 
14 NZ 021 276 EL Everpool (lower) pre 1851 
15 NZ 016 286 TY T u l l e y s Pond 1985-86 

16 NZ 036 272 TH T i n k e r H i l l s Pond 1986-87 
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a q u a t i c macrophytes. The pond s u r f a c e i s covered almost e n t i r e l y 

by Potamogeton natans and i t s margin f r i n g e d , i n p a r t , by Juncus 

effusus. The sediment i s comprised l a r g e l y o f s m a l l o r g a n i c 

d e b r i s (<5mm) and c o n t a i n s l i t t l e decomposing c o n i f e r o u s l i t t e r . 

F i r e R e s e r v o i r 6 i s s i t e d over p o d z o l i c g l e y , b u t i s l i n e d 

t h r o u g h o u t w i t h c o n c r e t e and i s d e v o i d o f v e g e t a t i o n w i t h t he 

e x c e p t i o n o f one s m a l l s t a n d o f Juncus effusus. The pond r e c e i v e s 

l i t t l e d i r e c t shading from nearby t r e e s . There i s a t h i n l a y e r o f 

s m a l l o r g a n i c d e b r i s (<5mm) over t h e bottom o f t h e pond, but few 

decomposing n e e d l e s . 

Redgate Shield Ponds 

These ponds a r e s i t u a t e d i n t h e bot t o m o f t h e Sharnberry Beck 

v a l l e y i n c l o s e p r o x i m i t y t o t h e stream ( F i g . 1, Table 1) . The 

u n d e r l y i n g geology a t t h e s i t e comprises r i v e r - b e d g r a v e l s 

o v e r l a i n by an a l l u v i a l brown e a r t h . The area i s open i n 

c h a r a c t e r and t h e ponds r e c e i v e l i t t l e shading from t h e 

s u r r o u n d i n g t r e e s which are m o s t l y c o n f i n e d t o t h e v a l l e y slopes. 

The l o w e r pond was c o n s t r u c t e d from 1983 t o 87 by t h e F o r e s t r y 

Commission. I t i s a r e l a t i v e l y l a r g e pond w i t h a s u r f a c e area of 

a p p r o x i m a t e l y 500m^. I t s depth does n o t exceed 1.0m. The pond 

r e c e i v e s water a t a h i g h r a t e d i r e c t l y from t h e beck v i a a small 

c h a n n e l and i s d r a i n e d a t i t s lower end by a second channel, a l s o 

l i n k e d t o t h e beck. Being o f r e c e n t o r i g i n , t h e margins of the 

pond a r e s p a r s e l y v e g e t a t e d i n p a r t s . However, t h e r e i s an 

abundance o f emergents such as Juncus bulbosus and G i y c e r i a 

fluitans in s h a l l o w areas and submerged Callitriche stagnalis i n 

deeper a r e a s . The sediment comprises m o s t l y f i n e o r g a n i c and 

i n o r g a n i c d e b r i s {<lmm) and l i t t l e l a r g e r o r g a n i c d e b r i s or 
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l i t t e r . L a r g e r stones (>10cm) are strewn over t h e sediment 

s u r f a c e . The pond i s i n h a b i t e d by t r o u t which may have 

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

The upper ponds were i n e x i s t e n c e when t h e F o r e s t r y 

Commission purchased t h e area i n 1927 and p r o b a b l y owe t h e i r 

o r i g i n t o some e a r l y s m a l l - s c a l e i n d u s t r y , such as i r o n s m e l t i n g . 

These ponds r e c e i v e water i n d i r e c t l y from t h e Beck, p r o b a b l y by 

seepage. The m i d d l e pond has a s u r f a c e area o f a p p r o x i m a t e l y 

350m'' and i s s h a l l o w t h r o u g h o u t (<0.5m). The s u r f a c e o f t h e pond 

i s c o v e r e d almost e n t i r e l y by emergent and f l o a t i n g - l e a v e d 

macrophytes, p a r t i c u l a r l y Equisetum fluviatile and Potamogeton 

natans. The pond i s surrounded by wet meadow, which s u p p o r t s a 

d i v e r s e f l o r a . The sediment i s composed m a i n l y o f o r g a n i c d e b r i s 

d e r i v e d m a i n l y from decomposing a q u a t i c macrophytes. There i s 

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

The upper pond i s b o t h s m a l l (approx.18m2) and shallow 

(<0.3m). I t s u p p o r t s a few a q u a t i c macrophytes i n c l u d i n g Juncus 

bulhosus and Potamogeton natans. The sediment i s comprised mostly 

o f g r a v e l (<5mm), as w e l l as f i n e r o r g a n i c and i n o r g a n i c d e b r i s 

(<lmm) and s m a l l stones (<3cm). A t h i n l a y e r o f c o n i f e r o u s l i t t e r 

c o v e r s t h e sediment s u r f a c e . 

Pooh Stick Pond 

Pooh S t i c k Pond i s s i t u a t e d c l o s e t o Bedburn Beck, towards 

t h e e a s t e r n edge o f t h e f o r e s t ( F i g . 1, Table 1) . The pond was 

c o n s t r u c t e d by t h e F o r e s t r y Commission i n 1985. I t has a su r f a c e 

area o f a p p r o x i m a t e l y lOOm^ and does not exceed 0.6m i n depth. 

The pond i s s i t e d i n an a l l u v i a l brown e a r t h and b e i n g shallow 

does n o t p e n e t r a t e t h e g r a v e l s below. Overhanging t r e e s on one 
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s i d e cause p a r t i a l s h a d i n g o f t h e pond. The a q u a t i c f l o r a i s 

somewhat sparse, a l t h o u g h t h e pond's margin i s f r i n g e d , i n p a r t , 

by Juncus effusus. The sediment comprises m a i n l y o r g a n i c d e b r i s 

(<5mm) as w e l l as decomposing leaves and needles. The s u r r o u n d i n g 

area i s h e a v i l y used by t h e p u b l i c f o r r e c r e a t i o n a l purposes 

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

Euden Beck Pond 

Euden Beck pond i s s i t u a t e d i n t h e Euden Beck v a l l e y ( F i g . 1, 

T a b l e 1 ) . The pond was c o n s t r u c t e d by t h e F o r e s t r y Commission 

f r o m 1985 t o 86. I t has a s u r f a c e area o f a p p r o x i m a t e l y AOOm^ and 

exceeds l i t t l e more t h a n Im i n d e p t h . The s u b s t r a t u m comprises 

r i v e r bed g r a v e l s o v e r l a i n by a l l u v i a l brown e a r t h . The s i t e i s 

open i n c h a r a c t e r and t h e pond r e c e i v e s l i t t l e s hading. Emergent 

macrophytes occupy a p p r o x i m a t e l y 50 per cent o f t h e pond's 

s u r f a c e area. Species p r e s e n t i n c l u d e Juncus effusus, Giyceria 

fluitans and Holcus mollis. The sediment comprises m o s t l y o r g a n i c 

d e b r i s (<5mm) t o g e t h e r w i t h a f i n e i n o r g a n i c f r a c t i o n and a small 

amount o f decomposing c o n i f e r o u s l i t t e r . 

Mill field Pond 

M i l l f i e l d Pond i s s i t u a t e d i n t h e n o r t h - e a s t r e g i o n o f the 

f o r e s t ( F i g . 1, Table 1) . The pond which i s s p r i n g - f e d , was 

c o n s t r u c t e d by t h e F o r e s t r y Commission i n 1987 and occupies an 

area o f a p p r o x i m a t e l y SOOm^. The u n d e r l y i n g rock i s g r i t s t o n e 

o v e r l a i n by a s u r f a c e water g l e y . The pond i s r e l a t i v e l y deep i n 

p a r t s (>2m), b u t a l s o comprises an e x t e n s i v e s h a l l o w area (<0.5m) 

dominated by Juncus bulbosus. Common emergent grasses i n c l u d e 

Descha/npsia c e s p i t o s a and Holcus mollis. The sediment i s mostly a 
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f i n e ooze, b u t a l s o i n c l u d e s l a r g e r o r g a n i c d e b r i s (<5mm). There 

i s l i t t l e d e c a y i n g l i t t e r . The pond s u p p o r t s a l a r g e q u a n t i t y of 

p h o t o s y n t h e t i c algae i n d i c a t i n g h i g h n u t r i e n t l e v e l s , p r obably 

a s s o c i a t e d w i t h d i s t u r b a n c e o f t h e s o i l when t h e pond was 

c o n s t r u c t e d . 

Everpools 

The E v e r p o o l s are s i t u a t e d t o t h e south-west o f Hamsterley 

F o r e s t , j u s t o u t s i d e t h e F o r e s t r y Commission boundary on a d j a c e n t 

moorland ( F i g . 1, Table 1 ) . The po o l s are a t l e a s t 140 years of 

age, b e i n g p r e s e n t on t h e 1851 O.S. map. The upper p o o l has a 

s u r f a c e area o f a p p r o x i m a t e l y 500m^ and a depth o f up t o 2m. The 

l o w e r p o o l has an area o f a p p r o x i m a t e l y 60m^ and a depth o f up t o 

0.8m. The p o o l s are s i t e d i n peat and s u p p o r t an impoverished 

f l o r a dominated by Sphagnum and Juncus effusus. The sediment i n 

t h e p o o l s comprises m o s t l y o r g a n i c d e b r i s (<5mm). 

r u l i e y s Pond 

T u l l e y s Pond i s s i t u a t e d on t h e western edge o f the f o r e s t 

( F i g . 1, Table 1 ) , i n a s h a l l o w peaty g l e y s o i l . The pond was 

c o n s t r u c t e d from 1985 t o 86 and has a s u r f a c e area o f 

a p p r o x i m a t e l y 480m^ and depth not exceeding Im. The pond i s i n an 

open s i t u a t i o n and s u p p o r t s emergent and f l o a t i n g - l e a v e d 

macrophytes which occupy a p p r o x i m a t e l y 30 per cent o f t h e t o t a l 

area and i n c l u d e s p e c i e s such as Juncus effusus, Agrostis 

stolonifera, Glyceria fluitans and Potamogeton natans. The 

sediment comprises m o s t l y s m a l l o r g a n i c and i n o r g a n i c d e b r i s 

(<lmm), b u t a l s o g r i t (l-5mm) and decomposing l i t t e r . 
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Tinker Hills Pond 

T i n k e r H i l l s Pond i s l o c a t e d on t h e south-west s i d e o f the 

f o r e s t ( F i g . 1, Table 1 ) . The pond l i e s a t t h e j u n c t i o n o f t h r e e 

s o i l t y p e s : t y p i c a l p o d s o l , p e a t y g l e y and brown c l a y , and has a 

r o c k y base i n p a r t s . The pond was c o n s t r u c t e d by the F o r e s t r y 

Commission from 1986 t o 87 and occupies an area o f a p p r o x i m a t e l y 

160m . I t ' s d e p t h does not exceed Im. Much o f t h e margin o f the 

pond i s f r i n g e d w i t h Juncus effusus but t h e f l o r a i s o t h e r w i s e 

i m p o v e r i s h e d . The sediment comprises m a i n l y o r g a n i c d e b r i s 

(<5mm), t o g e t h e r w i t h l a r g e q u a n t i t i e s o f g r i t (l-5mm) and some 

decomposing needles. 

Feed, c o m p r i s i n g decomposing v e g e t a b l e m a t t e r , i s d e p o s i t e d 

i n t o t h e pond t o encourage w i l d f o w l f o r s p o r t i n g purposes. 
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METHODS 

Sampling 

I n v e r t e b r a t e s 

Ponds were sampled f o r a q u a t i c C o l e o p t e r a and Hemiptera-

H e t e r o p t e r a from May t o J u l y i n c l u s i v e . Sampling was c a r r i e d out 

u s i n g a l o n g - h a n d l e d pond n e t o f 1mm mesh s i z e . 

Method 1: One sample comprised two f i g u r e o f e i g h t sweeps 

made j u s t above t h e sediment s u r f a c e . A l l sweeps were 

a p p r o x i m a t e l y e q u a l i n l e n g t h . Samples were taken i n a l l major 

m i c r o - h a b i t a t s such as stands o f rushes (Juncus s p p . ) , m a r g i n a l 

g r a s s e s and open w a t e r . Successive samples were t a k e n i n each 

pond u n t i l few, or no, new species were found. E i g h t successive 

samples were t a k e n on t h e same day from t h e most s p e c i e s - r i c h 

pond ( M i d d l e Redgate S h i e l d Pond) t o determine t h e sampling 

e f f i c i e n c y . 

At l e a s t f i v e samples were taken from each of t h e s i x t e e n 

ponds and a t o t a l o f 126 samples were c o l l e c t e d by t h i s method. 

More samples were t a k e n i n l a r g e r ponds and a l s o i n ponds of 

g r e a t e r s p e c i e s - r i c h n e s s . 

Method 2: A second sampling t e c h n i q u e , t h a t o f the N a t i o n a l 

Pond Survey (Pond A c t i o n , 1989), was a l s o employed. This 

t e c h n i q u e i n v o l v e d t a k i n g one sample o f t h r e e minutes d u r a t i o n 

p e r pond. T h i s s a m p l i n g t i m e was d i v i d e d e q u a l l y amongst the 

d i f f e r e n t m i c r o - h a b i t a t s p r e s e n t . For comparative purposes t h i s 

t e c h n i q u e was employed i n e i g h t o f t h e l a r g e r ponds. The s i x f i r e 

w a t e r - h o l e s . Pooh S t i c k Pond and Upper Redgate S h i e l d pond were 

e x c l u d e d as t h e y were c o n s i d e r e d t o o s m a l l f o r t h e t e c h n i q u e t o 
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be a p p r o p r i a t e . 

A l l samples were s o r t e d and a l l a d u l t C oleoptera and 

H e m i p t e r a - H e t e r o p t e r a were removed and i d e n t i f i e d t o species 

l e v e l . The mean number o f i n d i v i d u a l s o f each s p e c i e s per sample 

was d e t e r m i n e d f o r each pond. 

D i f f i c u l t i e s arose i n d i s t i n g u i s h i n g between Helophorus 

grandis and H. aequalis and con s e q u e n t l y t h e sp e c i e s were grouped 

under t h e i r p r e v i o u s name H. aquaticus agg., which was used p r i o r 

t o t h e s e p a r a t i o n o f t h e two s p e c i e s . A s i n g l e female o f the 

genus Oulimnius c o u l d not be i d e n t i f i e d t o s p e c i e s l e v e l and a l s o 

a s i n g l e female o f t h e genus Haliplus c o u l d o n l y be i d e n t i f i e d , 

w i t h c e r t a i n t y , as f a r as t h e ruficollis group. I n bo t h cases 

c e r t a i n i d e n t i f i c a t i o n t o species l e v e l c o u l d have o n l y been 

a c h i e v e d t h r o u g h e x a m i n a t i o n o f male g e n i t a l i a . 

For t h e purposes o f t h e a n a l y s i s t h e d a t a from t h e two 

s a m p l i n g methods was combined by e q u a t i n g one Method 2 t h r e e -

m i n u t e s a m p l i n g p e r i o d t o n i n e Method 1 samples (one Method 1 

sample was f o u n d t o have a mean d u r a t i o n o f 20 seconds). A p a i r e d 

t - t e s t i n d i c a t e d no s i g n i f i c a n t d i f f e r e n c e between t h e numbers of 

s p e c i e s f o u n d i n t h e Method 2 t i m e d samples and i n t h e f i r s t n i n e 

Method 1 samples (Table 2 ) . 

I n a d d i t i o n t o t h e sampling t e c h n i q u e s d i s c u s s e d above, 

w h i r l i g i g b e e t l e s ( G y r i n u s spp.) and pond s k a t e r s (Gerridae and 

V e l i d a e ) were c o l l e c t e d and i d e n t i f i e d . The p o p u l a t i o n s of 

s p e c i e s i n t h e s e groups were e s t i m a t e d f o r each pond. The 

f o l l o w i n g abundance c l a s s e s were used: 

(1) 1 t o 10 i n d i v i d u a l s . 

(2) 11 t o 100 i n d i v i d u a l s . 

(3) 100+ i n d i v i d u a l s . 
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TABLE 2. Numbers o f s p e c i e s found by Method 1 (9 samples) 
and Method 2 ( t h r e e minute sample) sampling t e c h n i q u e s . 

Pond Method 1 Method 2 
(9 Samples) (3 Minutes) 

Redgate S h i e l d (middle) 18 12 
Redgate S h i e l d ( l o w e r ) 9 8 
Euden Beck Pond 10 12 
M i l l f i e l d Pond 7 6 
E v e r p o o l (upper) 4 5 
E v e r p o o l ( l o w e r ) 2 2 
T u l l e y s Pond 5 4 
T i n k e r H i l l s Pond 10 10 

( t = 0 . 93, df=7, p > 0.1) 
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Vegetation 

The p r o p o r t i o n o f t h e t o t a l area o f each pond covered by 

emergent, f l o a t i n g - l e a v e d and submerged a q u a t i c p l a n t s was 

e s t i m a t e d i n t h e f o l l o w i n g percentage cover c l a s s e s (Pond A c t i o n , 
1989) : 

(0) no cover 

(1) 1 t o 20% 

(2) 21 t o 40% 

(3) 41 t o 60% 

(4) 61 t o 80% 

(5) 81 t o 100% 

A l l s p e c i e s o f a q u a t i c macrophyte were i d e n t i f i e d and 
a s c r i b e d one o f t h e f o l l o w i n g abundance c l a s s e s : 

(1) Rare 

(2) Occasional 

(3) Frequent 

(4) Abundant 

(5) Dominant 

Pond characteristics 

The s u r f a c e area o f t h e ponds was e s t i m a t e d from measurements 

o f t h e i r l e n g t h and w i d t h . For t h e purposes of t h e c a l c u l a t i o n 

t h e ponds were assumed t o be e l l i p t i c a l i n shape ( e x c e p t i n g t he 

F i r e R e s e r v o i r s which were r e c t a n g u l a r ) . The depth o f each pond 

was measured a t i t s deepest p o i n t . 
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The p r o p o r t i o n of each pond s u r f a c e overhung d i r e c t l y by 

s u r r o u n d i n g t r e e s was e s t i m a t e d as f o l l o w s (Pond A c t i o n , 1989): 

(0) no overhang 

(1) 1 t o 20% 

(2) 21 t o 40% 

(3) 41 t o 60% 

(4) 61 t o 80% 

(5) 81 t o 100% 

Each pond was a s c r i b e d a score from one t o f i v e based on the 

s i z e o f i t s sediments ( o n l y t h e component c o n t r i b u t i n g most t o 

sediment b u l k was c o n s i d e r e d h e r e ) . 

The c o n t r i b u t i o n o f c o n i f e r o u s l i t t e r t o t o t a l sediment b u l k 

was s c o r e d on a s c a l e o f zero (no l i t t e r ) t o t h r e e ( l a r g e s t 

component o f s e d i m e n t ) . 

Water quality 

T u r b i d i t y c o u l d not be measured by s e c c i d i s k i n p a r t i c u l a r l y 

c l e a r o r s h a l l o w ponds and was t h e r e f o r e assessed by t a k i n g Water 

samples i n t r a n s p a r e n t b o t t l e s t h a t were p l a c e d a g a i n s t a whi t e 

b a c k g r o u n d and ranked i n o r d e r o f i n c r e a s i n g t u r b i d i t y from 1 t o 

16 . 

D i s s o l v e d oxygen (% s a t u r a t i o n ) was measured i n t h e f i e l d 

u s i n g a p o r t a b l e probe. 

Water samples o f 1.0 l i t r e were t a k e n from each pond and 

a n a l y s e d f o r t h e f o l l o w i n g q u a l i t i e s : 
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pH. 

C o n d u c t i v i t y . 

B i o l o g i c a l Oxygen Demand. 

Ammoniacal N i t r o g e n . 

N i t r a t e . 

N i t r i t e . 

S o l i d s ( p a r t i c u l a t e ) . 

Data a n a l y s i s 

The a q u a t i c C o l e o p t e r a and He m i p t e r a - H e t e r o p t e r a data were 

a n a l y s e d u s i n g t h e m u l t i v a r i a t e t e c h n i q u e s o f c l a s s i f i c a t i o n and 

o r d i n a t i o n u s i n g two-way i n d i c a t o r s pecies a n a l y s i s (TWINSPAN, 

H i l l , 1979a) and d e t r e n d e d correspondence a n a l y s i s (DECORANA, 

H i l l , 1979b). C a n o n i c a l correspondence a n a l y s i s (Ter Braak 1986) 

was employed i n o r d e r t o r e l a t e species c o m p o s i t i o n t o 

e n v i r o n m e n t a l p a r a m e t e r s . V e g e t a t i o n data were a l s o analysed 

u s i n g two-way i n d i c a t o r s p e c i e s a n a l y s i s . 

These p a r t i c u l a r a n a l y t i c a l t e c h n i q u e s were s e l e c t e d f o r 

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

m u l t i d i m e n s i o n a l data s e t s . 

C l a s s i f i c a t i o n 

The ponds were c l a s s i f i e d on t h e b a s i s o f t h e i r C o l e o p t e r a 

and H e m i p t e r a - H e t e r o p t e r a assemblages and a l s o on t h e i r 

v e g e t a t i o n by means o f two-way i n d i c a t o r species a n a l y s i s u s i n g 

t h e TWINSPAN computer programme ( H i l l , 1979a). TWINSPAN f i r s t 

c l a s s i f i e s t h e samples and t h e n uses t h i s c l a s s i f i c a t i o n t o 

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

T h i s t e c h n i q u e not o n l y produces a h i e r a r c h i c a l 

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

c o m p o s i t i o n , b u t a l s o c o n s t r u c t s an o r d e r e d two-way t a b l e i n 

whi c h t h e c o r r e l a t i o n between t h e s i t e s and t h e species i s 

maximised ( H i l l , 1979a) . 

TWINSPAN makes i t s d i c h o t o m i e s by d i v i d i n g o r d i n a t i o n s i n 

h a l f . There are t h r e e o r d i n a t i o n s i n v o l v e d ( H i l l , 1979a): 

1. - The p r i m a r y o r d i n a t i o n ( r e c i p r o c a l a v e r a g i n g ) , which i s 

d i v i d e d t o o b t a i n an i n i t i a l dichotomy. 

2. - The r e f i n e d o r d i n a t i o n , which i s d e r i v e d from t h e p r i m a r y 

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

3. - The i n d i c a t o r o r d i n a t i o n , which i s based on a few of the 

most h i g h l y p r e f e r e n t i a l s p e c i e s . These " i n d i c a t o r - s p e c i e s " 

d i f f e r e n t i a t e t h e groups o f s i t e s produced a t each dichotomy i n 

th e c l a s s i f i c a t i o n . 

I n p u t o f TWINSPAN i s composed o f t h e da t a m a t r i x i t s e l f and 

pa r a m e t e r s d e t e r m i n i n g d e t a i l s o f t h e a n a l y s i s and t h e o u t p u t . I n 

o r d e r t h a t s i m i l a r i t i e s between t h e l e v e l o f abundance o f each 

s p e c i e s a re t a k e n i n t o account pseudospecies are c r e a t e d t o 

i n d i c a t e h i g h l e v e l s o f abundance. The c u t l e v e l s were chosen t o 

r e f l e c t t y p i c a l l e v e l s o f abundance ( H i l l , 1979a) and were set at 

0, 1, 6 and 36. Thus t h e f i r s t pseudospecies was added t o 

i n d i c a t e t h e c a p t u r e o f more than f i v e i n d i v i d u a l s and the second 

t o i n d i c a t e t h e c a p t u r e o f more than 35 i n d i v i d u a l s . 

TWINSPAN i s a t t r a c t i v e as a method o f a n a l y s i n g l i s t s of 

a q u a t i c i n s e c t s because i t p r o v i d e s an o b j e c t i v e method o f 

s u b d i v i d i n g community t y p e s w i t h o u t r e g a r d t o p r e c o n c e i v e d ideas 
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about h a b i t a t s based on t h e i r appearance and v e g e t a t i o n (Foster, 

1987) . 

O r d i n a t i o n 

O r d i n a t i o n o f t h e i n v e r t e b r a t e d ata by detrended 

correspondence a n a l y s i s was c a r r i e d out u s i n g t h e DECORANA 

computer programme ( H i l l , 1979b). This programme p r o v i d e s a 

s p e c i e s o r d i n a t i o n as w e l l as a s i t e o r d i n a t i o n , g r o u p i n g the 

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

D e t r e n d e d correspondence a n a l y s i s i s d e r i v e d from a s i m p l e r 

method o f o r d i n a t i o n known as r e c i p r o c a l a v e r a g i n g ( H i l l , 1973) 

or correspondence a n a l y s i s ( H i l l , 1974), but d i f f e r s from t h i s i n 

two r e s p e c t s : a) t h e s c a l i n g o f the axes; and b) t h e way i n which 

t h e second and h i g h e r axes are c a l c u l a t e d . I t a v o i d s t h e "arch 

e f f e c t " (Gauch a t a l , 1977) which i s t h e tendency i n r e c i p r o c a l 

a v e r a g i n g f o r t h e second a x i s (and sometimes h i g h e r axes) t o be 

s t r o n g l y r e l a t e d t o t h e f i r s t a x i s . I t a l s o p e r m i t s a b e t t e r 

s c a l i n g o f t h e samples and the e q u i v a l e n t e c o l o g i c a l d i s t a n c e s 

between them, which are not pr e s e r v e d i n r e c i p r o c a l a v e raging 

( H i l l & Gauch, 1980). 

DECORANA has s e v e r a l advantages over o t h e r o r d i n a t i o n 

programmes: a) i t s performance i s t h e be s t o f t h e o r d i n a t i o n 

t e c h n i q u e s t e s t e d ; b) b o t h species and samples o r d i n a t i o n s are 

pro d u c e d s i m u l t a n e o u s l y ; c) t h e axes are r e s c a l e d i n st a n d a r d 

d e v i a t i o n u n i t s w i t h a d e f i n i t i v e meaning, and d) l a r g e amounts 

o f d a t a can be an a l y s e d w i t h o u t d i f f i c u l t y ( H i l l & Gauch, 1980). 

A p i e c e w i s e l i n e a r t r a n s f o r m a t i o n ( r e f l e c t i n g t h e TWINSPAN 

pseudospecies c u t l e v e l s ) was a p p l i e d t o t h e i n v e r t e b r a t e data as 

f o l l o w s : 
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0.0 0.0 

1.0 1.0 

6.0 2.0 

36.0 3.0 

C a n o n i c a l correspondence a n a l y s i s 

The r e l a t i o n s h i p s between t h e c o m p o s i t i o n o f a q u a t i c 

C o l e o p t e r a and He m i p t e r a - H e t e r o p t e r a assemblages and the 

e n v i r o n m e n t a l v a r i a b l e s were i n v e s t i g a t e d by means o f c a n o n i c a l 

correspondence a n a l y s i s (Ter Braak, 1986) u s i n g t h e CANOCO 

computer programme (Ter Braak, 1987) . Canonical correspondence 

a n a l y s i s i s an e x t e n s i o n o f correspondence a n a l y s i s ( r e c i p r o c a l 

a v e r a g i n g ) and i s a m u l t i v a r i a t e d i r e c t g r a d i e n t a n a l y s i s 

t e c h n i q u e whereby a s e t o f species i s r e l a t e d d i r e c t l y t o a set 

o f e n v i r o n m e n t a l v a r i a b l e s . The t e c h n i q u e i d e n t i f i e s an 

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

p a t t e r n s o f v a r i a t i o n i n community c o m p o s i t i o n t h a t can be 

e x p l a i n e d b e s t by t h e e n v i r o n m e n t a l v a r i a b l e s . 

I n t h e r e s u l t i n g o r d i n a t i o n diagram, s p e c i e s and s i c e s are 

r e p r e s e n t e d by p o i n t s and e n v i r o n m e n t a l v a r i a b l e s are r e p r e s e n t e d 

by a r r o w s . Such a diagram shows the main p a t t e r n o f v a r i a t i o n i n 

community c o m p o s i t i o n as accounted f o r by t h e e n v i r o n m e n t a l 

v a r i a b l e s , and a l s o shows, i n an approximate way, the 

d i s t r i b u t i o n s o f t h e sp e c i e s along each e n v i r o n m e n t a l v a r i a b l e . 

The t e c h n i q u e t h u s combines aspects o f r e g u l a r o r d i n a t i o n w i t h 

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

C a n o n i c a l correspondence a n a l y s i s a l l o w s a q u i c k a p p r a i s a l o f 

how community c o m p o s i t i o n v a r i e s w i t h t h e environment. 

I n p u t o f CANOCO comprises b o t h species and e n v i r o n m e n t a l data 
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m a t r i c e s . The p i e c e w i s e l i n e a r t r a n s f o r m a t i o n d e s c r i b e d above was 

a g a i n a p p l i e d t o t h e i n v e r t e b r a t e d a t a . 

When e n v i r o n m e n t a l v a r i a b l e s are s t r o n g l y i n t e r - c o r r e l a t e d , 

t h e e f f e c t s o f d i f f e r e n t v a r i a b l e s cannot be s e p a r a t e d out and 

c o n s e q u e n t l y t h e c a n o n i c a l c o e f f i c i e n t s are u n s t a b l e . This i s 

known as t h e m u l t i c o l i n e a r i t y problem (Ter Braak, 1986). 

The i n i t i a l d a t a s e t i n t h e p r e s e n t study comprised 15 

e n v i r o n m e n t a l v a r i a b l e s which i n c l u d e d pond age (Table 1 ) , t o t a l 

v e g e t a t i v e cover (Appendix 3 ) , p h y s i c a l c h a r a c t e r i s t i c s (Appendix 

4) and w a t e r q u a l i t y v a r i a b l e s (Appendix 5 ) . These v a r i a b l e s were 

f o u n d t o show a c o n s i d e r a b l e degree o f i n t e r - c o r r e l a t i o n . F i v e 

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

removed from t h e data s e t , l e a v i n g a t l e a s t one v a r i a b l e per set 

o f s t r o n g l y c o r r e l a t e d v a r i a b l e s . The f i v e l e a s t i m p o r t a n t 

v a r i a b l e s were t h e n removed from t h e r e m a i n i n g data set on the 

b a s i s o f t h e s i g n i f i c a n c e o f t h e i r r e g r e s s i o n c o e f f i c i e n t s . The 

f i n a l i n p u t o f CANOCO comprised f i v e v a r i a b l e s w i t h a low degree 

of i n t e r - c o r r e l a t i o n . 

The s i g n i f i c a n c e o f the f i r s t a x i s e i g e n - v a l u e was t e s t e d 

u s i n g t h e Monte C a r l o p e r m u t a t i o n t e s t . 
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RESULTS 

Species recorded 

Sampling r e v e a l e d 41 s p e c i e s : 28 species o f C o l e o p t e r a and 13 

s p e c i e s o f H e m i p t e r a - H e t e r o p t e r a . 

Sampling efficiency 

The e i g h t s u c c e s s i v e samples t a k e n on the same day from 

M i d d l e Redgate S h i e l d Pond t o t e s t t h e e f f i c i e n c y o f sampling 

r e v e a l e d 16 s p e c i e s . Of these, 15 (94%) were o b t a i n e d i n t h e 

f i r s t f i v e samples and 16 (100%) i n t h e f i r s t seven samples ( F i g . 

2) . No new sp e c i e s were found i n t h e e i g h t h sample. Four 

a d d i t i o n a l s p e c i e s were found a t o t h e r t i m e s o f which two species 

had been o b t a i n e d i n e a r l i e r sampling and two species were 

o b t a i n e d i n a l a t e r t i m e d (Method 2) sample. The e i g h t successive 

samples t h e r e f o r e c o n t a i n e d 80% o f t h e t o t a l species found a t the 

s i t e . Thus e i g h t Method 1 samples should adequately r e f l e c t 

s p e c i e s c o m p o s i t i o n a t any one t i m e p r o v i d e d t h a t sampling i s 

r e p r e s e n t a t i v e o f a l l m i c r o - h a b i t a t s . Fewer samples are adequate 

i n s m a l l e r , low d i v e r s i t y ponds. 

Multivariate analysis 

Ponds were c l a s s i f i e d i n t o f i v e groups on t h e b a s i s o f t h e i r 

C o l e o p t e r a and H e m i p t e r a - H e t e r o p t e r a assemblages and i n t o t h r e e 

groups on t h e b a s i s o f t h e i r a q u a t i c v e g e t a t i o n u s i n g the 

TWINSPAN computer program ( H i l l , 1979a). These c l a s s i f i c a t i o n s 
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a r e i l l u s t r a t e d by means o f dendrograms and species frequency 

t a b l e s . DECORANA ( H i l l , 1979b) was used t o i d e n t i f y t h e major 

community g r a d i e n t s from t h e i n v e r t e b r a t e data and these are 

r e p r e s e n t e d i n an A x i s 1 by A x i s 2 o r d i n a t i o n p l o t . F i v e 

i m p o r t a n t e n v i r o n m e n t a l v a r i a b l e s were i d e n t i f i e d and these were 

r e l a t e d t o speci e s c o m p o s i t i o n u s i n g t h e CANOCO computer program 

(Ter Braak, 1987), t h e r e s u l t s o f which a re r e p r e s e n t e d i n a 

c a n o n i c a l correspondence a n a l y s i s o r d i n a t i o n diagram. 

Classification of ponds based on their invertebrate assemblages 

The dendrogram ( F i g . 3) shows t h e h i e r a r c h y and r e l a t i o n s h i p s 

between t h e s i x t e e n ponds based on t h e i r a q u a t i c C o l e o p t e r a and 

He m i p t e r a - H e t e r o p t e r a assemblages, as i n d i c t e d by TWINSPAN ( H i l l , 

1979a). The i n d i c a t o r s p e c i e s a t each TWINSPAN d i v i s i o n are al s o 

shown. F i v e end-groups were i d e n t i f i e d from t h e c l a s s i f i c a t i o n , 

t h e s p e c i e s assemblages o f which are summarised i n t h e frequency 

t a b l e (Table 3) . The sequence o f t h e sp e c i e s i n Table 3 i s t h a t 

p r o d u c e d by TWINSPAN i n t h e f i n a l t a b u l a t i o n . 

Agabus bipustulatus was the o n l y s p e c i e s t o appear i n a l l 

end-groups r e f l e c t i n g t h e c a t h o l i c n a t u r e o f i t s h a b i t a t 

r e q u i r e m e n t s . Species more s e l e c t i v e i n t h e i r h a b i t a t 

r e q u i r e m e n t s f e a t u r e d among t h e commoner species i n some end-

groups, p a r t i c u l a r l y Groups I and I I . For example, t he upland 

s p h a g n o p h i l e s Hydroporus tristis and H. obscurus o c c u r r e d i n the 

upper moorland p o o l i n Group I . 5 t r i c t o t a r s u s duodecimpustulatus, 

a s p e c i e s a s s o c i a t e d w i t h f a s t f l o w i n g water, was found i n Lower 

Redgate S h i e l d Pond i n Group I I . Group V ( F i r e R e s e r v o i r s 1, 2, 3 

and 4) c o n t a i n e d o n l y common speci e s and none t h a t were not 

foun d i n o t h e r groups (Table 3 ) . 
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FIG. 3. Dendrogram o f TWINSPAN c l a s s i f i c a t i o n o f ponds based 
on t h e i r a q u a t i c C o l e o p t e r a and He m i p t e r a - H e t e r o p t e r a assemb 
- l a g e s . E i g e n - v a l u e s and i n d i c a t o r species are shown a t each 
d i v i s i o n . 
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G. sub = G y r i n u s substrlatus. G.cos = Gerris costal. 
V. cap = Velia caprai. H.lin = Haliplus lineatocollis. 
C. wol = Callicorixa wollastoni . O.san = Oreodytes sanmarki. 
H. bre = Helophorus brevipalpis . H.fla = Helophorus flavlpes. 

37 



TABLE 3. Percentage occurrence o f i n v e r t e b r a t e s pecies i n ponds 
i n t h e TWINSPAN end-groups. 

Species I I I I I I IV V 

Oreodytes sanmarkii 67 
Potamonectes depressus 25 67 
Strictonectes lepidus 33 
Oulimnius sp 33 
Micronecta poweri 33 33 
Gerris gibifer 33 
Arctocorisa germari 67 33 
Gerris lacustris 25 67 67 
Gyrinus substriatus 50 50 100 67 
Sigara nigrolineata 100 33 
Gerris costai 100 100 100 67 
Callicorixa wollastoni 100 25 100 
Hydroporus obscurus 50 
H. tristis 50 
Glaenocorisa propinqua 100 
Hesperocorixa castanea 50 
Hydroporus erythrocephalus 50 25 
Helophorus aquaticus agg. 50 100 67 33 
H. brevipalpis 100 100 33 
Agabus sturmii 75 33 
Hydroporus nigrita 25 
Ilybius subaeneus 50 33 
Strictotarsus duodecimpustulatus 25 
Haliplus lineatocollis 100 
Haliplus ruficollis agg. 25 
Limnebius truncatellus 50 
Anacaena lutescens 50 
Helophorus flavipes 100 67 
Hydrobius fuscipes 75 67 
Hesperocorixa sahlbergi 50 75 33 
Agabus nebulosus 33 
Laccobius atratus 33 
Corixa punctata 25 67 
Sigara distincta 25 33 
Hydroporus incognitus 100 33 50 
H. pubescens 75 100 33 25 
Anacaena globulus 75 67 25 
Agabus bipustulatus 50 100 100 57 100 
Hydroporus gyllenhalii 25 33 50 
H. palustris 25 33 50 
Velia caprai 33 75 

No. o f ponds i n end-groups 2 4 3 3 4 
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Group 1: T h i s group comprises t h e two moorland p o o l s o f which 

t h e l o w e r p o o l i s s p e c i e s poor, o n l y f o u r s p e c i e s b e i n g found 

h e r e . However, t h e group does c o n t a i n f o u r t y p i c a l l y a c i d water 

s p e c i e s , Hydroporus obscurus, H. tristis, Glaenocorlsa propinqua 

and Hesperocorlxa castanea which were n o t found i n t h e f o r e s t 

ponds. The C o r i x i d , Glaenocorlsa propinqua, occurs t y p i c a l l y i n 

moor l a n d o r bog p o o l s where t h e s i d e s are sheer and t h e depth 

u n i f o r m and l-2m (Macan 1965). Hesperocorlxa castanea was found 

i n one sample i n t h e upper moorland p o o l . T h i s species i s 

g e n e r a l l y a s s o c i a t e d w i t h t h i c k Carex and Sphagnum beds i n very 

b a s e - d e f f i c i e n t water (Macan, 1965). Calllcorlxa wollastoni, 

a l t h o u g h f ound a l s o i n f o r e s t ponds i n Groups I I and I I I , was 

p a r t i c u l a r l y abundant i n t h e lower moorland p o o l . The species has 

a r e s t r i c t e d range, o c c u r r i n g i n t h e N o r t h and West i n peat pools 

(Macan 1965) . The i n d i c a t o r species f o r t h e d i v i s i o n o f the 

moorland p o o l s from t h e ponds i n Groups I I and I I I was Helophorus 

brevlpalpls, an abundant and w i d e - r a n g i n g l o w l a n d species (Eyre 

e t al, 1985) . I t ' s absence from t h e moorland p o o l s c o u l d be due 

t o a range o f f a c t o r s , b u t i t appeared t o be most abundanc i n 

s h a l l o w ponds w i t h emergent v e g e t a t i o n such as Middle and Upper 

Redgate S h i e l d Ponds. The moorland p o o l s l a c k such m i c r o - h a b i t a t . 

Group I I : T h i s group comprises t h e Redgate S h i e l d and Euden 

Beck Ponds which are l o c a t e d e i t h e r c l o s e or a d j a c e n t t o streams 

on r i v e r - b e d g r a v e l s . Six species were r e s t r i c t e d t o Group I I 

(Table 3) . Of these Strlctotarsus duodeclmpustulatus, Llmneblus 

truncatellus and t h e n e g a t i v e i n d i c a t o r species Hallplus 

llneatocollls are a s s o c i a t e d w i t h r u n n i n g water ( F r i d a y , 1988) . 

The presence o f th e s e s p e c i e s r e f l e c t s t h e c l o s e p r o x i m i t y and 

p r o b a b l e i n f l u e n c e o f t h e streams, p a r t i c u l a r l y a t Redgate 
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S h i e l d . A l s o o f i n t e r e s t i s t h e h i g h abundance o f Helophorus 

b e e t l e s a t t h e s e s i t e s , p a r t i c u l a r l y H. brevlpalpls and t h e H. 

aquatlcus group, t h e l a t t e r o f which i s a s s o c i a t e d w i t h grassy 

p o o l s and d i t c h e s ( F r i d a y , 1988). 

Group I I I : T h i s group comprises M i l l f i e l d , T u l l e y s and T i n k e r 

H i l l s Ponds. One obvious f e a t u r e o f t h e Group i s t h e r e c e n t 

o r i g i n o f i t ' s c o n s t i t u e n t ponds, a l l o f which were c o n s t r u c t e d 

d u r i n g t h e p a s t f i v e y e a r s . Two sp e c i e s were r e s t r i c t e d t o t h i s 

g r o u p : Agabus nebulosus and Laccoblus atratus. The former 

o c c u r r e d o n l y i n M i l l f i e l d Pond, t h e most r e c e n t pond s t u d i e d , 

and i s t h o u g h t t o be a s s o c i a t e d p a r t i c u l a r l y w i t h new ponds 

( F r i d a y , 1988) . Eyre e t al (1985) found t h e species t o be 

a s s o c i a t e d w i t h l o w l a n d temporary water, e s p e c i a l l y subsidence 

ponds, which a g a i n r e f l e c t s i t s p r e f e r e n c e f o r r e c e n t or u n s t a b l e 

h a b i t a t s . M i l l f i e l d and T u l l e y s Ponds were v e r y s i m i l a r i n terms 

o f t h e i r s p e c i e s c o m p o s i t i o n and 10 o f t h e 12 species found at 

T u l l e y s Pond a l s o o c c u r r e d at M i l l f i e l d Pond. T i n k e r H i l l s Pond 

was f o u n d t o be t h e most f a v o u r a b l e pond f o r c o r i x i d s , s u p p o r t i n g 

s i x o f t h e n i n e s p e c i e s found i n t h e survey. Slgara nlgrollneata 

was p a r t i c u l a r l y abundant here, a l t h o u g h i t ' s h a b i t a t i s not 

e a s i l y d e f i n e d , b e i n g found across a range o f c o n d i t i o n s (Macan, 

1954) . 

Group IV: T h i s group comprises t h e two exposed F i r e 

R e s e r v o i r s (5 and 6) and Pooh S t i c k Pond. Four species o c c u r r e d 

here w h i c h were r e s t r i c t e d t o t h i s group. The p o s i t i v e i n d i c a t o r 

s p e c i e s , Oreodytes sanmarkll, is a s s o c i a t e d w i t h f l o w i n g water 

(Eyre e t a l , 1985; F r i d a y , 1988), p a r t i c u l a r l y s m a l l g r a v e l l y 

b u r n s i n t h e N o r t h ( B a l f o u r - B r o w n , 1940) . S t r i c t o n e c t e s l e p i d u s 

o c c u r s a l s o i n streams, as w e l l as dam p o o l s and q u a r r y and sand 
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p i t p o o l s (Eyre et al, 1985; F r i d a y , 1988) . Pooh S t i c k Pond a l s o 

s u p p o r t s a l a r g e p o p u l a t i o n o f Potamonectes depressus, which i s 

a l s o c h a r a c t e r i s t i c o f f a s t f l o w i n g streams and r i v e r s (Eyre et 

al, 1985). The c l o s e p r o x i m i t y o f Bedburn Beck t o Pooh S t i c k Pond 

may account f o r t h e presence o f these species here, s i n c e they 

would be capable o f f l y i n g from t h e stream t o t h e pond. F i r e 

R e s e r v o i r 6 and Pooh S t i c k Pond are c h a r a c t e r i s e d by p a r t i c u l a r l y 

h i g h pH and i t may be t h a t t h i s f a c t o r i s r e s p o n s i b l e f o r t h e 

absence o f Helophorus flavipes and Callicorixa wollastoni, the 

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

c h a r a c t e r i s t i c o f u p l a n d a c i d water (Eyre e t al, 1985) and the 

l a t t e r o f peat p o o l s (Macan, 1965). 

Group V: T h i s i s a d i s t i n c t i v e group c o m p r i s i n g t h e F i r e 

R e s e r v o i r s 1, 2, 3 and 4. These ponds are of t h e same age and 

share a number o f common f e a t u r e s , b e i n g h e a v i l y shaded, steep-

s i d e d and s e t i n p e a t . They support a l i m i t e d i n v e r t e b r a t e fauna 

and t h e group c o n t a i n e d no species which were not found i n o t h e r 

g r o u p s . The m a j o r i t y o f t h e spec i e s found here occur i n a t l e a s t 

two o t h e r groups. F i r e R e s e r v o i r s 1, 3 and 4 supported a l a r g e 

number o f V e i i a caprai, t h e p o s i t i v e i n d i c a t o r species f o r the 

d i v i s i o n . B r i n k h u r s t (1959) s t a t e s t h a t t h e species i s 

p r e d o m i n a n t l y a stream i n h a b i t a n t . However Velia caprai i s 

c a r n i v o r o u s and feeds on i n s e c t s d i s a b l e d or k i l l e d by f a l l i n g 

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

( B u t l e r , 1923) and t h e t r e e s which overhang these ponds "would o f 

cou r s e p r o v i d e an abundance o f such prey . The requirement o f the 

f i r s t n e g a t i v e i n d i c a t o r s p e c i e s Gyrinus s u b s t r i a t u s f o r open 

h a b i t a t ( B a l f o u r - B r o w n , 1950) may be an i m p o r t a n t f a c t o r i n i t s 

e x c l u s i o n from t h e s e ponds. The second n e g a t i v e i n d i c a t o r Gerris 
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c o s t a i may be p r e c l u d e d f o r s i m i l a r reasons. 

Ordination of ponds based on their Invertebrate assemblages 

F i g . 4. shows A x i s 1 by A x i s 2 o r d i n a t i o n p l o t s o f the 

s i x t e e n ponds based on d e t r e n d e d correspondence a n a l y s i s ( H i l l , 

1979b). The TWINSPAN end-groups, d i s c u s s e d above, have been 

superimposed o n t o t h e p l o t . The p r i m a r y and secondary axes of 

o r d i n a t i o n , which t o g e t h e r e x p l a i n e d 81 per cent o f t h e v a r i a n c e 

i n t h e da t a s e t , were r e s p e c t i v e l y 3.8 and 2.7 standard 

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

community g r a d i e n t s r e p r e s e n t e d by t h e two axes (Gauch, 1982) 

(Table 4) . The r e m a i n i n g axes (3 and 4) e x p l a i n e d o n l y 19 per 

ce n t o f t h e v a r i a n c e . 

A x i s 1 r e p r e s e n t s a s t r o n g g r a d i e n t ( F i g . 4) . The moorland 

p o o l s l i e a t t h e l e f t , t h e exposed f o r e s t ponds a t t h e c e n t r e and 

t h e h e a v i l y shaded f i r e r e s e r v o i r s ( 1 , 2, 3 and 4) a t t h e r i g h t 

o f t h e a x i s . G e n e r a l l y speaking l a r g e r ponds l i e on t h e l e f t of 

t h e a x i s and s m a l l e r ponds on t h e r i g h t . The a x i s thus appears t o 

r e p r e s e n t b o t h a shade and an area g r a d i e n t . The lower moorland 

p o o l and F i r e R e s e r v o i r 3 l i e a t o p p o s i t e ends o f A x i s 1 and are 

t h e r e f o r e l e a s t s i m i l a r i n terms o f t h e i r s pecies c o m p o s i t i o n , 

h a v i n g no common s p e c i e s . The p r e v i o u s l y i d e n t i f i e d TWINSPAN end-

groups are c l e a r l y s e p a r a t e d a l o n g t h i s a x i s . 

A x i s 2 r e f l e c t s a community g r a d i e n t which i s l e s s c l e a r l y 

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

f o r t h e more a c i d ponds t o l i e a l o n g t h e lower h a l f o f the a x i s . 

The l o w e r moorland p o o l and F i r e R e s e r v o i r 5, which mark the ends 

o f t h e a x i s , are l e a s t s i m i l a r i n terms o f t h e i r species 

c o m p o s i t i o n , p o s s e s s i n g no common sp e c i e s . There i s l i t t l e 
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TABLE 4. E i g e n - v a l u e s , c u m u l a t i v e percentage 
v a r i a n c e e x p l a i n e d and l e n g t h s ( s t a n d a r d -
d e v i a t i o n s ) o f each DECORANA a x i s . 

A x i s E i g e n - v a l u e 
Cumulative 
(%) Variance 
E x p l a i n e d . 

Length 
(SD) 

1 0.507 50.8 3.80 
2 0 . 304 81.3 2.70 
3 0 .138 95.1 1.83 
4 0 . 049 100.0 2 .78 
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s e p a r a t i o n o f t h e TWINSPAN end-groups a l o n g t h i s A x i s . 

C l a s s i - f i c a t i o n of ponds based on their vegetation 

The dendrogram ( F i g . 5) shows t h e r e s u l t s o f the 

c l a s s i f i c a t i o n o f t h e ponds based on t h e i r v e g e t a t i o n , as 

i n d i c a t e d by TWINSPAN ( H i l l , 1979a). Three end-groups were 

i d e n t i f i e d f r o m t h e c l a s s i f i c a t i o n , t h e speci e s assemblages o f 

whi c h a r e summarised i n t h e frequency t a b l e (Table 5 ) . 

F i r e R e s e r v o i r s 1 and 2, which were d e v o i d o f a q u a t i c 

macrophytes and b r y o p h y t e s , do not appear i n t h e dendrogram, 

a l t h o u g h t h e y may be c o n s i d e r e d a sep a r a t e group i n t h e i r own 

r i g h t . Juncus effusus i s t h e o n l y s p e c i e s t o occur i n a l l t h r e e 

groups and i s t h e most g e n e r a l i n terms o f i t s h a b i t a t 

r e q u i r e m e n t s . The speci e s i s very abundant and l o c a l l y dominant 

i n bogs, wet p a s t u r e s and damp woods, e s p e c i a l l y on a c i d s o i l s , 

t h r o u g h o u t t h e B r i t i s h I s l e s (Clapham et al, 1987). 

The moorland p o o l s are separate d a t t h e f i r s t d i v i s i o n 

t o g e t h e r w i t h F i r e R e s e r v o i r 3 (Group I I I ) . Sphagnum, the 

p o s i t i v e i n d i c a t o r a t t h i s d i v i s i o n , i s abundant i n these t h r e e 

ponds. The moorland p o o l s a l s o support an abundance of Juncus 

effusus, b u t are o t h e r w i s e d e v o i d o f a q u a t i c macrophytes. 

The d i v i s i o n o f Groups I and I I i s based on t h e presence of 

Potamogeton natans ( t h e p o s i t i v e i n d i c a t o r s pecies) i n a l l ponds 

i n Group I I . The speci e s i s absent from a l l o t h e r ponds (Table 

4) . Potamogeton natans occurs i n l a k e s , ponds, r i v e r s and 

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

water l e s s t h a n 1.0 metre deep. The species i s common throughout 

t h e B r i t i s h I s l e s (Clapham et al, 1987). 

Group I I comprises t h e Redgate S h i e l d and Euden Beck Ponds, 
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FIG. 5. Dendrogram o f TWINSPAN c l a s s i f i c a t i o n o f ponds 
based on t h e i r v e g e t a t i o n , t o g e t h e r w i t h e i g e n - v a l u e s 
and i n d i c a t o r s p e c i e s a t each d i v i s i o n . 

0. 52 
+ 

Sphag 

0. 38 P. nat 

PS F4 F6 MF TH RL EB TY F5 RM RU F3 EU EL 

I I I I I I 

Sphag = Sphagnum P.nat = Potamogeton natans 

TABLE 5. Percentage o c c u r r e n c e o f p l a n t species i n 
ponds i n TWINSPAN end-groups. 

Species I I I I I I 

Glyceria fluitans 50 
Ranunculus omiophyllus 50 
Sparganium emersum 17 
Equisetum fluviatile 17 
E. palustris 67 
Potamogeton natans 100 
Juncus bulbosus 60 83 
Ranunculus flammula 20 33 
Agrostis stolonifera 20 17 
Carex demissa 20 
Calitriche hamulata agg. 20 17 
Deschampsia cespitosa 40 
Callitriche stagnalis agg. 20 17 
Juncus effusus 100 100 67 
Sphagnum 33 100 

No. o f ponds i n end-groups 5 6 3 
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which t o g e t h e r c o n s t i t u t e end-group I I o f t h e p o n d - i n v e r t e b r a t e 
c l a s s i f i c a t i o n ( F i g . 3) 

Group I however, i n c l u d e s components from Groups I I I , IV and 

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

The number o f i n v e r t e b r a t e species found a t each s i t e was 

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

( r = 0 . 6 0 1 , df=14, p<0.05) and number o f a q u a t i c p l a n t species 

(r=0,714, df=14, p<0.05). G e n e r a l l y , ponds such as M i d d l e Redgate 

S h i e l d Pond, which s u p p o r t e d e x t e n s i v e emergent and f l o a t i n g -

l e a v e d macrophytes a l s o s u p p o r t e d t h e r i c h e s t a q u a t i c C o l e o p t e r a 

and H e m i p t e r a - H e t e r o p t e r a assemblages. F i r e R e s e r v o i r s 1, 2, 3 

and 4 f a i l e d t o s u p p o r t r i c h i n v e r t e b r a t e and p l a n t communities. 

However, t h i s does n o t n e c e s s a r i l y i m p l y a c a u s a l r e l a t i o n s h i p , 

s i n c e t h e c o m p o s i t i o n o f t h e pond's f a u n a l and f l o r a l assemblages 

may be u l t i m a t e l y dependent on t h e same e n v i r o n m e n t a l f a c t o r s , 

such as s h a d i n g , which would account f o r t h e c o r r e l a t i o n . 

N e v e r t h e l e s s , a q u a t i c macrophytes and b r y o p h y t e s undoubtedly 

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

s p e c i e s c o n s i d e r e d h e r e . 

Canonical correspondence analysis 

A p r e l i m i n a r y a n a l y s i s was c a r r i e d out u s i n g t h e 

e n v i r o n m e n t a l v a r i a b l e s l i s t e d i n Appendices 4 and 5, t o g e t h e r 

w i t h pond age (Table 1) and t o t a l v e g e t a t i v e cover (Appendix 3 ) . 

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

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

r e g r e s s i o n c o e f f i c i e n t s : pH, shade, pond age, area and 

c o n d u c t i v i t y . The t - v a l u e s are r e l a t i v e r a t h e r than a b s o l u t e 

v a l u e s , b u t a l l o w t h e importance o f each v a r i a b l e t o be assessed 
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(Table 6 ) . 

The v a r i a n c e accounted f o r by each c a n o n i c a l correspondence 

o r d i n a t i o n a x i s was 33%, 26%, 18% and 16% f o r Axes 1, 2, 3 and 4 

r e s p e c t i v e l y . I n t o t a l these axes accounted f o r 93.4 per cent of 

t h e v a r i a n c e i n t h e d a t a . The f i r s t a x i s , which alone accounted 

f o r 33 p e r c e n t o f t h e v a r i a n c e , had an a s s o c i a t e d e i g e n - v a l u e of 

0.422, p=0.03 (Monte C a r l o p e r m u t a t i o n t e s t ) (Table 7 ) . 

A x i s 1 was c o r r e l a t e d most s t r o n g l y w i t h t h e degree of 

overhang or s h a d i n g by n e i g h b o u r i n g t r e e s (Table 8) . Pond s u r f a c e 

area was o f secondary importance. Small, h e a v i l y - s h a d e d ponds, 

n o t a b l y F i r e R e s e r v o i r s 1, 2, 3 and 4 are s i t u a t e d towards one 

end o f t h e g r a d i e n t and l a r g e r exposed ponds such as T u l l e y s Pond 

and t h e upper moorland p o o l l i e towards t h e o t h e r ( F i g . 6 ) . Shade 

i s t h e l o n g e s t and t h u s t h e most i m p o r t a n t e n v i r o n m e n t a l 

g r a d i e n t , a l o n g which species c o m p o s i t i o n changes most. The l e a s t 

s p e c i e s - r i c h ponds g e n e r a l l y l i e a t t h e upper end o f t h e shade 

g r a d i e n t . 

The second CCA o r d i n a t i o n a x i s was found t o be most s t r o n g l y 

c o r r e l a t e d w i t h pH and secondly w i t h age (Table 8) . The a c i d 

m oorland p o o l s l i e a t one end o f t h e g r a d i e n t and those ponds 

c h a r a c t e r i s e d by h i g h pH l i e a t t h e o t h e r . 

Axes 1 and 2 were not s t r o n g l y c o r r e l a t e d w i t h c o n d u c t i v i t y , 

a l t h o u g h t h i s v a r i a b l e was found t o be t h e s t r o n g e s t c o r r e l a t e of 

A x i s 3 (Table 8 ) . 

The pond and s i t e p o i n t s i n F i g . 6. j o i n t l y r e p r e s e n t the 

dominant p a t t e r n s i n community c o m p o s i t i o n i n s o f a r as they can be 

e x p l a i n e d by t h e e n v i r o n m e n t a l v a r i a b l e s : shade, area, age and 

pH. The s p e c i e s p o i n t s and arrows o f t h e e n v i r o n m e n t a l 

v a r i a b l e s j o i n t l y r e f l e c t t h e species d i s t r i b u t i o n along each of 
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TABLE 6. t - v a l u e s o f r e g r e s s i o n c o e f f i c i e n t s o f 
e n v i r o n m e n t a l v a r i a b l e s w i t h t h e CCA o r d i n a t i o n 
a x es (xlOOO) . 

V a r i a b l e A x i s 1 A x i s 2 A x i s 3 A x i s 4 

PH -121 -260 102 605 
C o n d u c t i v i t y 146 -2 218 -610 
Shade 302 240 108 468 
Age -361 264 132 487 
A r e a -348 -22 68 451 

TABLE 7. E i g e n - v a l u e s and c u m u l a t i v e p e r c e n t a g e 
v a r i a n c e e x p l a i n e d by CCA o r d i n a t i o n a x e s . 

A x i s E i g e n - v a l u e 
C u m u l a t i v e 
(%) V a r i a n c e 
E x p l a i n e d 

1 
2 
3 
4 

0.422 
0 . 329 
0.234 
0.198 

33.3 
59.3 
77.7 
93. 4 

T r a c e 1 .267 

TABLE 8. I n t e r - s e t c o r r e l a t i o n s o f e n v i r o n m e n t a l 
v a r i a b l e s w i t h t h e CCA o r d i n a t i o n axes (xlOOO). 

V a r i a b l e A x i s 1 A x i s 2 A x i s 3 Ax i s 4 

pH 228 -712 428 223 
C o n d u c t i v i t y -14 -116 851 -203 
Shade 716 417 262 243 
Age -361 687 325 65 
A r e a -649 -139 119 -77 
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t h e e n v i r o n m e n t a l v a r i a b l e s . As each p o n d l i e s a t t h e c e n t r o i d o f 

t h e s p e c i e s p o i n t s t h a t o c c u r a t t h a t s i t e ( T e r Br a a k , 1 9 8 6 ) , i t 

i s p o s s i b l e t o i n f e r w h i c h s p e c i e s a r e l i k e l y t o be p r e s e n t a t a 

p a r t i c u l a r s i t e . Callicorixa wollastoni (2) o c c u r s i n t h e two 

m o o r l a n d p o o l s , b u t i s u n l i k e l y t o a p p e a r i n t h e F i r e R e s e r v o i r s . 

The s p e c i e s p o i n t s a r e a p p r o x i m a t e l y t h e o p t i m a , t h e r e f o r e t h e 

a b u n d a n c e o r p r o b a b i l i t y o f o c c u r r e n c e o f a' s p e c i e s d e c r e a s e s 

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

d e t e r m i n e a d i r e c t i o n o r a x i s i n t h e d i a g r a m and p r o j e c t i n g 

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

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

a l o n g t h e a x i s . The c e n t r e o f d i s t r i b u t i o n o f Velia caprai (14) 

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

s p e c i e s i s t o l e r a n t o f heavy s h a d i n g . O r e o d y t e s sanmarkii (13) 

has a c e n t r e o f d i s t r i b u t i o n a t t h e u p p e r end o f t h e pH a x i s 

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

pH e n v i r o n m e n t . G l a e n o c o r i s a propinqua ( 1 ) , w h i c h i s a s p e c i e s o f 

a c i d h a b i t a t s has i t s c e n t r e o f d i s t r i b u t i o n t o w a r d s t h e end o f 

t h e pH a x i s , w h i l e t h e u b i q u i t o u s Agabus b i p u s t u l a t u s (11) i s 

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

t h e s p e c i e s shown l i e t o t h e l e f t o f t h e o r i g i n r e f l e c t i n g t h e i r 

p r e f e r e n c e f o r u n s h a d e d p o n d s . G e n e r a l l y shade and pH i n c r e a s e 

a l o n g t h e f i r s t a x i s o r m a j o r c o m m u n i t y g r a d i e n t , w h i l s t age and 

a r e a d e c r e a s e . 
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DISCUSSION 

D u r i n g t h e s u r v e y o f f i r e ponds a t H a m s t e r l e y F o r e s t two 

s a m p l i n g methods were compared. The method o f s u c c e s s i v e s a m p l i n g 

u n t i l f e w o r no new s p e c i e s a r e r e v e a l e d was f o u n d t o be an 

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

a r e r e p r e s e n t e d . The t e c h n i q u e was f o u n d t o r e v e a l as many 

s p e c i e s as t h e t i m e d s a m p l i n g t e c h n i q u e (Method 2) recommended 

f o r t h e N a t i o n a l Pond S u r v e y (Pond A c t i o n , 1989) when t h e two 

m e t h o d s were e q u a t e d i n t e r m s o f t h e t o t a l s a m p l i n g t i m e . The 

l a t t e r m e t h o d i s l e s s f l e x i b l e i n t h a t i t o f f e r s no l e s s t h a n a 

t h r e e m i n u t e p e r i o d o f s a m p l i n g , w h i c h may be i n a p p r o p r i a t e f o r 

s m a l l e r ponds such as Upper Redgate S h i e l d Pond and t h e F i r e 

R e s e r v o i r s . I n ponds o f t h i s s i z e s u c h a l e n g t h y sample may w e l l 

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

o r g a n i s m s removed i n r e l a t i o n t o t h e t o t a l p o p u l a t i o n and t h e 

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

E q u a l l y a t h r e e m i n u t e sample may be i n a p p r o p r i a c e f o r l a r g e 

p o n d s . A t p r e s e n t t h e N a t i o n a l Pond S u r v e y s a m p l i n g t e c h n i q u e i s 

n o t recommended f o r use i n ponds l a r g e r t h a n 0.25 h e c t a r e s . 

I n t h e N a t i o n a l Pond S u r v e y Method, e q u a l s a m p l i n g t i m e i s 

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

m i c r o - h a b i t a t s , s u c h as open w a t e r , w h i c h a r e i m p o v e r i s h e d i n 

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

c o n t a i n a r e o v e r - r e p r e s e n t e d . I n a d d i t i o n , t h e N a t i o n a l Pond 

S u r v e y t e c h n i q u e recommends s a m p l i n g on t w o o c c a s i o n s : once i n 

t h e summer ( J u n e - A u g u s t ) and a g a i n i n t h e autumn (September-

November) (Pond A c t i o n , 1 9 8 9 ) , b u t s m a l l e r s a m p l i n g u n i t s s paced 

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

p a r t i c u l a r l y r e l e v a n t when s a m p l i n g g r o u p s w h i c h do n o t have 

a q u a t i c a d u l t s and t h u s a p p e a r o n l y t e m p o r a r i l y . 

The a q u a t i c C o l e o p t e r a a r e a p a r t i c u l a r l y u s e f u l g r o u p i n t h e 

a s s e s s m e n t o f t h e c o n s e r v a t i o n s t a t u s o f w e t l a n d s ( F o s t e r , 1 9 8 7 ) . 

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

c h a r a c t e r i s t i c s : t h e y a r e n o t s u b j e c t t o e x t r e m e s e a s o n a l i t y and 

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

w e t l a n d h a b i t a t , t h e m a j o r i t y a r e e i t h e r p r e d a t o r s o r s c a v e n g e r s 

a n d t h e r e a r e no h o s t - s p e c i f i c p h y t o p h a g e s , t h e y c o n t a i n b o t h 

p o l l u t i o n s e n s i t i v e a n d r e s i l i e n t s p e c i e s and, f i n a l l y , w h i l e 

some s p e c i e s a r e u s u a l l y among t h e f i r s t t o c o l o n i s e a new w a t e r 

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

i s o l a t e d r e l i c t h a b i t a t s . 

The c l a s s i f i c a t i o n o f ponds a t H a m s t e r l e y F o r e s t i d e n t i f i e d 

f i v e g r o u p s o f s i t e s b a s e d on t h e i r i n v e r t e b r a t e a s s e m b l a g e s . 

These c a n be l o o s e l y d e f i n e d as f o l l o w s : m o o r l a n d p o o l s , s t r e a m -

i n f l u e n c e d p onds on r i v e r - b e d g r a v e l s , v e r y r e c e n t ponds, s m a l l 

e x p o s e d f i r e r e s e r v o i r s and s m a l l h e a v i l y - s h a d e d p e a t - b a s e d f i r e 

r e s e r v o i r s . The g r o u p i n g s r e f l e c t g e n u i n e p h y s i c o - c h e m i c a l and 

b i o l o g i c a l d i f f e r e n c e s b e t w e e n t h e ponds. The s m a l l number o f 

p l a n t s p e c i e s i n some ponds made t h e c l a s s i f i c a t i o n o f t h e ponds 

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

d i s s i m i l a r i t y o f t h e m o o r l a n d and f o r e s t ponds was a g a i n 

e m p h a s i s e d . 

I n t h e p r e s e n t s t u d y f i v e f a c t o r s were i d e n t i f i e d by 

c a n o n i c a l c o r r e s p o n d e n c e a n a l y s i s as i m p o r t a n t d e t e r m i n a n t s o f 

t h e m a j o r c o m m u n i t y g r a d i e n t s and t h e c o m p o s i t i o n o f i n v e r t e b r a t e 

a s s e m b l a g e s . These were shade, a r e a , age, pH and c o n d u c t i v i t y . 
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w i t h s h a d e b e i n g t h e l o n g e s t and most i m p o r t a n t g r a d i e n t . 

I n a c l a s s i f i c a t i o n o f t h e h a b i t a t s o f a q u a t i c C o l e o p t e r a i n 

N o r t h - e a s t E n g l a n d E y r e (1986) f o u n d t h a t t h e m a j o r e n v i r o n m e n t a l 

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

w e r e f i r s t l y pH and s e c o n d l y t h e amount o f ox y g e n i n t h e w a t e r . 

The s t u d y w h i c h was b a s e d on 384 s i t e s encompassed a w i d e r a n g e 

o f a q u a t i c h a b i t a t s i n c l u d i n g r i v e r s , l a r g e p e r m a n e n t l a k e s , 

t r a n s i t i o n m i r e s , l o w l a n d m a r s h e s and s a l t m a r s h e s . R i v e r s i t e s 

c o n t a i n e d l i t t l e v e g e t a t i o n w i t h b e e t l e s l i v i n g e i t h e r i n t h e 

g r a v e l e.g. O r e o d y t e s s p p . , o r i n moss on b o u l d e r s , e.g. Hydraena 

gracilis. L a r g e p e r m a n e n t l a k e s o r ponds c o n t a i n e d some weed b u t 

w e r e g e n e r a l l y b a r e . Haliplus lineolatus and Potamonectes 

assimilis were c h a r a c t e r i s t i c . T r a n s i t i o n m i r e s c o n t a i n e d a 

m i x t u r e o f Sphagnum s p p . , Glyceria spp., Ca r e x spp. and Juncus 

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

c o n d i t i o n s , mud and t e m p o r a r y w a t e r , e.g. Hydroporus palustris 

a n d Hydrobius fuscipes, b u t a l s o a c i d w a t e r - s p e c i e s such as 

Hydroporus gyllenhali ( B a l f o u r - B r o w n , 1 9 4 0 ) . L o w l a n d marshes 

c o n t a i n e d Glyceria spp., Carex spp., Juncus spp. and Typha spp. 

b u t r a r e l y Sphagnum spp. The C o l e o p t e r a p r e s e n t were t h o s e 

f a v o u r i n g n e u t r a l - b a s i c c o n d i t i o n s ( B a l f o u r - B r o w n , 1 9 4 0 ) , e.g. 

Hydroporus planus. The p r e s e n t s t u d y has been o f a r e l a t i v e l y 

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

t h e d e t e r m i n a n t s o f t h e m a j o r c o m m u n i t y g r a d i e n t s s h o u l d be 

d i f f e r e n t . 

I n a s t u d y o f f o r e s t ponds i n S c o t l a n d , J e f f r i e s (1990) 

d e m o n s t r a t e d t h a t t h e m a j o r d i v i s i o n f r o m t h e c l a s s i f i c a t i o n and 

o r d i n a t i o n o f p o n d s , b a s e d on m a c r o p h y t e s was due co 

a c i d i f i c a t i o n . The d o m i n a n t p a t t e r n s i n t h e n o n - a c i d d i v i s i o n 
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were l i n k e d t o p o n d e s t a b l i s h m e n t , w i t h new o r d i s t u r b e d ponds 

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

n a t u r a l and a r t i f i c i a l p o nds i n c l e a r f e l l e d , r e p l a n t e d and 

c l o s e d c anopy a r e a s on a r a n g e o f s e d i m e n t t y p e s ( e . g . p e a t , 

c l a y , s a n d , g r a v e l , p e b b l e , c o b b l e , b o u l d e r and b e d - r o c k ) . I n 

t h i s g r e a t e r r a n g e o f h a b i t a t s t w o o f t h e m a j o r e n v i r o n m e n t a l 

g r a d i e n t s , pH and age, p r o v e d t o be t h e same as i n t h e p r e s e n t 

s t u d y , i n d i c a t i n g t h e i r w i d e r i m p o r t a n c e . 

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

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

i n s h a p i n g t h e b i o t a o f t h e pond. The i n t e n s i t y and q u a l i t y o f 

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

o f p r i m a r y p r o d u c t i v i t y o f t h a t p ond. Moss (1979) has shown t h a t 

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

t h e d i s t r i b u t i o n o f submerged a q u a t i c p l a n t s . The l e v e l o f 

s h a d i n g w i l l a l s o i n f l u e n c e t h e pond's t e m p e r a t u r e r e g i m e , 

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

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

by t h e w i n d w h i c h w o u l d r e s u l t i n i n c r e a s e d l e v e l s o f d i s s o l v e d 

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

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

r e s u l t i n g i n a n o x i c s e d i m e n t s and an i n c r e a s e d b i o l o g i c a l oxygen 

demand o f t h e w a t e r . The h e a v i l y s h a d e d f i r e r e s e r v o i r s 

c o n s e q u e n t l y s u p p o r t an i m p o v e r i s h e d m a c r o p h y t e community 

c o n s i s t i n g o f no more t h a n t h e o c c a s i o n a l s t a n d o f Juncus 

effusus. The m a c r o - i n v e r t e b r a t e a s s e m b l a g e s o f t h e s e ponds a r e 

a l s o r e s t r i c t e d c o n s i s t i n g o f a few s p e c i e s o f C o l e o p t e r a , b u t no 

s p e c i e s o f C o r i x i d a e . 

The p o s s i b l e e f f e c t s o f p o n d a r e a on c o m m u n i t y c o m p o s i t i o n 
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h a v e b o t h b i o g e o g r a p h i c and b i o t i c e l e m e n t s . As a r e a i n c r e a s e s so 

t h e number o f d i f f e r e n t m i c r o - h a b i t a t s and t h e i r a s s o c i a t e d 

s p e c i e s a r e l i k e l y t o i n c r e a s e . P o p u l a t i o n s i z e s s h o u l d a l s o 

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

s p e c i e s ( M a c A r t h u r & W i l s o n , 1967) ; and l a r g e t a r g e t a r e a s may 

s i m p l y r e c e i v e a l a r g e r number o f c o l o n i z i n g p r o p a g u l e s and 

t h e r e f o r e h a ve more chance o f r e c e i v i n g a g r e a t e r v a r i e t y o f 

s p e c i e s t h a n s m a l l e r p o n d s . A r e a , as an e x p r e s s i o n o f t h e s i z e o f 

a w a t e r body i s a l s o r e l a t e d t o i t s p e r s i s t e n c e . S m a l l ponds, 

s u c h as Upper R e d g a t e S h i e l d Pond, t e n d t o be l e s s p e r s i s t e n t 

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

c o n s i d e r a b l y d u r i n g t h e c o u r s e o f t h e s t u d y and by t h e enci o f t h e 

summer t h e p o n d had a l m o s t d r i e d up. S m a l l e r ponds may t h e r e f o r e 

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

a n d so p r e s e n t a c h a n g i n g h a b i t a t . H a b i t a t s t a b i l i t y has been 

shown t o i n f l u e n c e t h e i d e n t i t y and p o s s i b l y t h e d i v e r s i t y o f 

c o r i x i d s p e c i e s i n a w a t e r body (Macan, 1954, 1 9 6 2 ) . C o r i x i d s 

w e r e a b s e n t f r o m Upper Redgate S h i e l d Pond, t h e l e a s t s t a b l e o f 

t h e p o n d s s t u d i e d , and a l s o F i r e R e s e r v o i r s ( 1 , 2, 3, and 4) and 

w e r e m o s t l y c o n f i n e d t o t h e l a r g e r p o n ds. However b o t h Agajbus 

bipustulatus and Helophorus brevipalpis were p a r t i c u l a r l y 

a b u n d a n t i n Upper R e d g a t e S h i e l d Pond, t h e s e a c t i v e f l y i n g 

s p e c i e s a r e c h a r a c t e r i s t i c o f t e m p o r a r y o r u n s t a b l e ponds ( E y r e , 

1986) . 

I n t h e p r e s e n t s t u d y , p o n d age was an i m p o r t a n t d e t e r m i n a n t 

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

d i r e c t l y w i t h s p e c i e s d i v e r s i t y . F o r i n s t a n c e , t h e m o o r l a n d 

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

no more d i v e r s e i n t e r m s o f t h e i r s p e c i e s c o m p o s i t i o n t h a n some 
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o f t h e l a r g e r p onds c o n s t r u c t e d i n t h e p a s t t e n y e a r s . I n t h e 

m o o r l a n d p o o l s s p e c i e s may have been p r e c l u d e d by t h e a c i d i t y and 

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

D u r i n g t h e i n i t i a l c o l o n i s a t i o n o f n e w l y c r e a t e d ponds t h e r e 

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

a n d m a c r o p h y t e s ( G a t e s , 1927; S t r e e t & T i t m u s , 1979; Ba r n e s , 

1983) . Where d i s p e r s a l d i s t a n c e s a r e s h o r t t h e r a t e o f 

a c q u i s i t i o n o f new s p e c i e s i s l i k e l y t o d e c l i n e w i t h i n a few 

y e a r s ( B a r n e s , 1 9 8 3 ) , s u g g e s t i n g an a p p r o a c h t o an e q u i l i b r i u m 

number o f s p e c i e s as p r e d i c t e d by t h e t h e o r y o f I s l a n d 

B i o g e o g r a p h y ( M a c A r t h u r & W i l s o n , 1 9 6 7 ) . However, t h e numbers o f 

l e s s v a g i l e s p e c i e s may c o n t i n u e t o r i s e o v e r many decades 

(G o d w i n , 1923) . As a p o n d ages t h e h a b i t a t i t p r e s e n t s t o 

c o l o n i s t s c h a n g e s , p a r t l y due t o t h e e x t e n t and d i v e r s i t y o f 

a q u a t i c v e g e t a t i o n and p a r t l y due t o t h e p r o d u c t i o n o f 

a u t o c h t h o n o u s d e t r i t u s . Such changes a r e a c c o m p a n i e d by changes 

i n t h e i d e n t i t y o f t h e i n v e r t e b r a t e t a x a ( S t r e e t & T i t m u s , 1979; 

B a r n e s , 1 9 8 3 ) . I n v a s i o n by an i n d i v i d u a l s p e c i e s depends on t h e 

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

t h e s p e c i e s d i s p e r s a l mechanisms and t h e d i s p e r s a l d i s t a n c e s , b u t 

i s a l s o s u b j e c t t o s t o c h a s t i c f a c t o r s ( T a i l i n g , 1 9 5 1 ) . W i t h i n 

H a m s t e r l y F o r e s t d i s p e r s a l d i s t a n c e s a r e s h o r t , ponds t e n d t o be 

i n c l o s e p r o x i m i t y t o one a n o t h e r and t o t h e b e c k s w h i c h r u n 

t h r o u g h t h e f o r e s t a n d a t l e a s t t h r e e o f t h e ponds s t u d i e d a r e 

f e d d i r e c t l y by t h e s e s t r e a m s . These f a c t o r s may p a r t l y e x p l a i n 

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

The a q u a t i c C o l e o p t e r a and H e m i p t e r a - H e t e r o p t e r a a r e 

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

n o n - a q u a t i c a d u l t s and have been shown t o be t h e e a r l i e s t 
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c o l o n i s t s o f w a t e r b o d i e s ( B a r n e s , 1 9 8 3 ) . I n b o t h o r d e r s a d u l t s 

a r e p r e s e n t t h r o u g h o u t t h e y e a r and f l y whenever t e m p e r a t u r e and 

w e a t h e r c o n d i t i o n s a r e s u i t a b l e (Popham, 1 9 6 4 ) . S p e c i e s o f b o t h 

o r d e r s c a n m i g r a t e o v e r q u i t e l a r g e d i s t a n c e s . I n a s t u d y o f t h e 

c o l o n i s a t i o n o f b a l l - c l a y ponds B a r n e s (1983) f o u n d t h a t t h e 

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

a r e a was g r e a t e r f o r t h e C o l e o p t e r a and H e m i p t e r a - H e t e r o p t e r a 

t h a n f o r any o t h e r o r d e r . W i t h i n t h e H e m i p t e r a , t h e C o r i x i d a e i n 

p a r t i c u l a r a r e h i g h l y v a g i l e and c o l o n i s e v e r y q u i c k l y . F a s t 

i m m i g r a t i o n r a t e s a r e n o t however u n i v e r s a l w i t h i n t h e C o r i x i d a e . 

The e a r l i e s t c o l o n i s t s Sigara nigrolineata and C o r i x a punctata 

a r e t y p i c a l s p e c i e s o f t e m p o r a r y w a t e r b o d i e s , w h i c h must be 

r e c o l o n i s e d s e a s o n a l l y and f l i g h t l e s s morphs a r e r a r e (Young, 

1965) . B o t h s p e c i e s o c c u r r e d i n M i l l f i e l d Pond, t h e most r e c e n t 

a n d i s o l a t e d p o n d i n t h e p r e s e n t s t u d y and i n a t l e a s t two o t h e r 

r e c e n t p o n d s . I n c o n t r a s t Sigara distincta i s a l a t e c o l o n i s t and 

i s c h a r a c t e r i s t i c o f p e r m a n e n t w a t e r s (Macan, 1 9 5 4 ) , t h e s p e c i e s 

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

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

p o n d s , Euden Beck Pond and T i n k e r H i l l s Pond, i t i s p o s s i b l e t h a t 

i t a r r i v e d v i a t h e a d j a c e n t s t r e a m s r a t h e r t h a n by f l i g h t . The 

s e q u e n c e o f c o l o n i s a t i o n o f C o r i x i d s i s c l o s e l y r e l a t e d t o t h e i r 

r e l a t i v e r a t e s o f m i g r a t i o n . 

C o r r e l a t i o n s b e t w e e n b i o t i c d i v e r s i t y and w a t e r c h e m i s t r y 

h a ve b e e n d e m o n s t r a t e d by many w o r k e r s ( e . g . Aho, 1987; Green, 

1986; O k l a n d , 1 9 8 0 ) . I n t h e p r e s e n t s t u d y pH was f o u n d t o be t h e 

a s p e c t o f w a t e r c h e m i s t r y most s t r o n g l y r e l a t e d t o community 

c o m p o s i t i o n and t o be i n v e r s e l y c o r r e l a t e d w i t h s p e c i e s 

d i v e r s i t y . An i n c r e a s e i n t h e number o f t a x a i n a pond w i t h 
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i n c r e a s i n g pH was d e m o n s t r a t e d by F r i d a y ( 1 9 8 3 ) . I n d i v i d u a l t a x a 

g e n e r a l l y e x h i b i t one o f a number o f d i s t r i b u t i o n a l p a t t e r n s i n 

r e s p o n s e t o pH: (a) Many t a x a a r e n o t p r e s e n t b e l o w a pH o f 5.5. 

(b) Few t a x a o c c u r o n l y i n a c i d p o n d s , (c) Some s p e c i e s o c c u r r i n g 

a c r o s s a r a n g e o f pH show changes i n t h e i r abundance w i t h pH. 

E x t r e m e a c i d i t y i s l i k e l y t o e x c l u d e a l l b u t t h e most t o l e r a n t 

s p e c i e s f o r p h y s i o l o g i c a l r e a s o n s ( S u t c l i f f e & C a r r i c k , 1 9 7 3 ) , 

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

c o l o n i s a t i o n . F o r example, t h e m a c r o p h y t e v e g e t a t i o n i n a c i d and 

n e u t r a l ponds d i f f e r s i n t h e d o m i n a n t s p e c i e s . Potamogeton natans 

is r e p l a c e d by Juncus hulbosus i n a c i d p o n ds. J u n c u s bulbosus 

c r e a t e s a more c o m p l e x s t r u c t u r e o f submerged s u r f a c e s , b u t does 

n o t d i e - b a c k a n n u a l l y t o p r o d u c e l a r g e amounts o f l i t t e r u n l i k e 

Potamogeton natans (Hendrey e t a l , 1976) . Thus t h e d e t r i t u s f o o d 

c h a i n , w h i c h i s an e s s e n t i a l component o f m a t u r i n g e c o s y s t e m s i s 

v i r t u a l l y a b s e n t f r o m new a c i d p o n d s . The a c i d w a t e r f a u n a i n 

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

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

a n d may f l o u r i s h i n t h e absence o f c o m p e t i t o r s . However i n t h e 

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

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

amount o f l i t t e r d e r i v e d f r o m t h e J u n c u s effusus and Sphagnum 

mosses w h i c h l i n e t h e p o o l . U p l a n d m i r e s i t e s i n t h e r e g i o n w h i c h 

a r e d o m i n a t e d by C a r e x and Sphagnum have been f o u n d t o c o n t a i n 

c o n s i d e r a b l e amounts o f l i t t e r ( E y r e , 1 9 8 6 ) . N e v e r t h e l e s s t h e 

m o o r l a n d p o o l s a p p e a r t o be r e t a r d e d i n a r e l a t i v e l y i m m a t u r e 

s t a t e by t h e e f f e c t s o f l o w pH. 

I n t h e ponds a t H a m s t e r l e y F o r e s t e l e c t r i c a l c o n d u c t i v i t y was 

f o u n d t o be o f some i m p o r t a n c e i n t h e s h a p i n g o f i n v e r t e b r a t e 

59 



c o m m u n i t i e s . C o n d u c t i v i t y i s l i k e l y t o c o r r e l a t e w i t h i o n i c 

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

a n d s u c c e s s i o n i n c o r i x i d s has' been shown t o o c c u r i n r e l a t i o n t o 

c o n d u c t i v i t y and t h e a c c u m u l a t i o n o f o r g a n i c m a t t e r (Savage, 

1989) . The m a j o r i t y o f c o r i x i d s f o u n d i n t h e p r e s e n t s t u d y a r e 

c h a r a c t e r i s t i c o f o l i g o t r o p h i c w a t e r s (40-110 uS/cm) e.g. 

Micronecta poweri, Sigara distincta and H e s p e r o c o r i x a c a s t a n e a 

( S a v a ge, 1989) . None o f t h e ponds s t u d i e d c o u l d be d e s c r i b e d as 

b e i n g o f more t h a n m e s o t r o p h i c s t a t u s (100-300 uS/cm). 

H e s p e r o c o r i x a sahlbergi was t h e o n l y s p e c i e s o f c o r i x i d n o r m a l l y 

a s s o c i a t e d w i t h e u t r o p h i c w a t e r s (Savage, 1989) t o be f o u n d i n 

t h e s t u d y . T h i s s p e c i e s o c c u r r e d i n f i v e ponds, b u t was most 

n u m e r o u s i n M i d d l e R e d g a t e S h i e l d Pond w h i c h was f o u n d t o have a 

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

B o t h t h e e x t e n t o f v e g e t a t i v e c o v e r and d i v e r s i t y o f p l a n t 

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

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

t h e e n v i r o n m e n t a l v a r i a b l e s d i s c u s s e d above. M i d d l e Redgate 

S h i e l d Pond, i n p a r t i c u l a r , s u p p o r t e d a h i g h d i v e r s i t y o f b o t h 

m a c r o p h y t e s and i n v e r t e b r a t e s . The h e a v i l y shaded f i r e r e s e r v o i r s 

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

i n v e r t e b r a t e s . P a l m e r (1981) d e m o n s t r a t e d a c l o s e r e l a t i o n s h i p 

b e t w e e n m a c r o p h y t e s p e c i e s d i v e r s i t y and t h e number o f s p e c i e s o f 

C o l e o p t e r a and H e m i p t e r a - H e t e r o p t e r a i n b a s e - r i c h ponds i n 

N o r f o l k . S t r u c t u r a l f a c t o r s s u c h as bank t o p o g r a p h y and changes 

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

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

T h e r e i s some e v i d e n c e t h a t b i o t i c i n t e r a c t i o n s s u c h as 

c o m p e t i t i o n and p r e d a t i o n m i g h t be an i m p o r t a n t i n f l u e n c e f r o m 
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t h e e a r l i e s t s t a g e s o f p o n d c o l o n i s a t i o n . I n new ponds e x t e n s i v e 

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

e s t a b l i s h w i t h i n a few y e a r s ( B a r n e s , 1983) and p r e c l u d e o t h e r 

s p e c i e s b y c o m p e t i t i o n f o r l i g h t and spa c e . They may c o n s t i t u t e 

v e r y d i s t i n c t i v e h a b i t a t s f o r i n v e r t e b r a t e s and i f by chance 

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

q u i t e d i f f e r e n t i n v e r t e b r a t e c o m m u n i t i e s may r e s u l t . 

B a l f o u r - B r o w n (1940) d i s t i n g u i s h e d b e t w e e n s i l t ponds and 

d e t r i t u s ponds i n a b r o a d c l a s s i f i c a t i o n o f a q u a t i c C o l e o p t e r a 

h a b i t a t s b a s e d on o b v i o u s p h y s i c a l and v e g e t a t i v e 

c h a r a c t e r i s t i c s . The s i l t p o n d i s one s i t e d i n g r a v e l , m a r l o r 

s a n d , f r e e f r o m o r w i t h v e r y l i t t l e v e g e t a t i o n , and i t i s 

f r e q u e n t e d by more s p e c i e s o f a q u a t i c C o l e o p t e r a t h a n any o t h e r 

t y p e o f h a b i t a t , a l t h o u g h few o f t h e s e b e e t l e s a r e c h a r a c t e r i s t i c 

o f s i l t p o n d s as s u c h . As v e g e t a t i o n i n c r e a s e s , t h e s u b s e q u e n t 

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

a n d t h e s e d i m e n t i s t r a n s f o r m e d f r o m s i l t t o mud. The r e c e n t l y 

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

f i r s t c a t e g o r y , b u t a r e s t i l l u n d e r g o i n g c o l o n i s a t i o n and have 

n o t y e t r e a c h e d a s t a t e o f maximum d i v e r s i t y . M i d d l e Redgate 

S h i e l d Pond may be c o n s i d e r e d t o l i e f u r t h e r a l o n g t h i s g r a d i e n t , 

a n d h as p r o b a b l y r e a c h e d a s t a t e o f maximum- d i v e r s i t y . The 

a c c u m u l a t i o n o f o r g a n i c m a t t e r w i l l b r i n g a b o u t t h e e v e n t u a l 

i n f i l l i n g o f t h e p o n d and s u b s e q u e n t l o s s o f a q u a t i c 

i n v e r t e b r a t e s . The p o n d w i l l e v e n t u a l l y s u c c e e d i n i t s e n t i r e t y 

t o w e t meadow, s u c h as t h a t w h i c h c u r r e n t l y s u r r o u n d s i t . The 

h e a v i l y - s h a d e d F i r e R e s e r v o i r s may be c o n s i d e r e d as e x t r e m e 

e x a m p l e s o f d e t r i t u s ponds s u p p o r t i n g i m p o v e r i s h e d C o l e o p t e r a 

a s s e m b l a g e s , b u t have n o t f o l l o w e d t h e u s u a l c o u r s e o f 
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s u c c e s s i o n . These ponds c l o s e l y r e s e m b l e t h e i r o r i g i n a l f o r m , 

h a v i n g n e v e r s u p p o r t e d any s i g n i f i c a n t m a c r o p h y t e assemblage, 

t h e s o u r c e o f d e t r i t u s b e i n g t h e s u r r o u n d i n g t r e e s . 

The C o l e o p t e r a a s s e m b l a g e s o f ponds a t H a m s t e r l e y F o r e s t 

c o m p r i s e d m o s t l y common s p e c i e s . Two " l o c a l " s p e c i e s , Hydroporus 

obscurus and Strictotarsus duodecimpustulatus and t h r e e " n o t a b l e " 

s p e c i e s Laccobius atratus, Ilybius subaeneus and S t r i c t o n e c t e s 

lepidus ( B a l l , 1987) were f o u n d . A l t h o u g h t h e ponds c o n t a i n e d no 

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

t e r m s o f t h e i r s p e c i e s c o m p o s i t i o n s w h i c h r e f l e c t t h e i r p h y s i c o -

c h e m i c a l and b i o t i c c h a r a c t e r i s t i c s . The i d e n t i f i c a t i o n o f t h e 

f i v e most i m p o r t a n t d e t e r m i n a n t s o f c o m m u n i t y c o m p o s i t i o n has 

i m p o r t a n t i m p l i c a t i o n s f o r t h e f u t u r e c o n s t r u c t i o n and management 

o f f o r e s t p o n d s . I t i s i m p o r t a n t t h a t t r e e s a r e p l a n t e d 

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

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

L a r g e r ponds a r e p r e f e r a b l e t o s m a l l e r ones b o t h i n t e r m s o f 

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

m i c r o - h a b i t a t s t h e y c o n t a i n . Water q u a l i t y c h a r a c t e r i s t i c s such 

as pH a n d c o n d u c t i v i t y a r e l e s s amenable t o d i r e c t m a n i p u l a t i o n , 

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

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

S t r e a m f e d p o n d s s i t e d on s i l t o r r i v e r - b e d g r a v e l s a r e l i k e l y t o 

p r o v i d e b e t t e r h a b i t a t f o r b o t h m a c r o p h y t e s and 

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

w a t e r . The a v o i d a n c e o f d i r e c t d r a i n a g e f r o m r o a d s u r f a c e s w o u l d 

u n d o u b t e d l y p r o v e b e n e f i c i a l . A l t h o u g h age i s an i m p o r t a n t 

d e t e r m i n a n t o f s p e c i e s c o m p o s i t i o n i t does n o t n e c e s s a r i l y 

c o r r e l a t e d i r e c t l y w i t h s p e c i e s d i v e r s i t y . The c o l o n i s a t i o n o f 
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r e c e n t p onds a t H a m s t e r l e y F o r e s t i s l i k e l y t o o c c u r a t d i f f e r e n t 

r a t e s f o r a number o f r e a s o n s , i n c l u d i n g t h e d e g r e e o f i s o l a t i o n 

o f t h e po n d s and r a n g e o f a v a i l a b l e m i c r o h a b i t a t s , b u t most ponds 

w i l l e v e n t u a l l y r e a c h a s t a t e o f maximum s p e c i e s d i v e r s i t y beyond 

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

d i v e r s i t y . A t t h i s p o i n t some f o r m o f management such as 

d e e p e n i n g and t h e r e m o v a l o f i n v a s i v e s c r u b may be r e q u i r e d i n 

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

s e m i - a q u a t i c and t e r r e s t r i a l h a b i t a t . 

The f i r e ponds a t H a m s t e r l e y F o r e s t u n d o u b t e d l y make a v e r y 

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

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

p o n d s c a n o n l y add t o t h e c o n s e r v a t i o n p o t e n t i a l o f t h e a r e a as a 

w h o l e . 
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APPENDIX 1. 

T o t a l numbers o f i n d i v i d u a l s o f s p e c i e s i n saunples, 

Pond 

S p e c i e s 
D y t i s c i d a e 
Agabus bipustulatus 
A. nebulosus 
A. sturmii 
Hydroporus erythrocephalus 
H. gyllenhalii 
H. incognitus 
H. nigrita 
H. obscurus 
H. palustris 
H. pubescens 
H. tristis 
Ilybius subaeneus 
Oreodytes sanmarkii 
Potamonectes depressus 
Strictonectes lepidus 
Strictotarsus duodecimpustulatus 
E l m i d a e 
Oulimnius sp 
G y r i n i d a e 
Gyrinus substriatus 
H a l i p l i d a e 
Haliplus lineatocollis 
H. ruficollis agg. 
H y d r a e n i d a e 
Limnebius truncatellus 
H y d r o p h i l i d a e 
Anacaena globulus 
A. lutescens 
Helophorus aquaticus agg. 
H. brevipalpis 
H. flavipes 
Hydrobius fuscipes 
Laccobius atratus 
C o r i x i d a e 
A r c t o c o r i s a germari 
Callicorixa wollastoni 
Corixa punctata 
Glaenocorisa propinqua 
Hesperocorixa castanea 
H. sahlbergi 
Micronecta poweri 
Sigara distincta 
S. nigrolineata 
G e r r i d a e 
G e r r i s c o s t a i 
G. gibifer 
G. lacustris 
V e l i i d a e 
Velia caprai 

F l F2 F3 F4 F5 

20 

4 
3 

4 
1 

F6 RL RM 

5 2 18 

3 10 
3 
1 

4 25 
1 

11 
4 

(2) (2) (1) 

(1) 
(2) 

2 29 
1 

1 1 

14 
3 

14 143 
52 83 
2 12 

10 

(2) (2) (2) 

(3) 

(3) (3) (3) 
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Pond 

S p e c i e s RU PS EB MF EU EL TY TH 
D y t i s c i d a e 
Agabus bipustulatus 13 12 1 3 2 4 
A. nebulosus 2 
A. sturmii 18 3 
Hydroporus erythrocephalus 1 
H. gyllenhalii 1 
H. incognitus 3 22 3 
H. nigrita 
H. obscurus 2 
H. palustris 
H. pubescens 2 1 2 4 
H. tristis 1 
Ilybius subaeneus 4 
O r e o d y t e s sanmarkii 8 
P o t a / n o n e c t e s d e p r e s s u s 24 5 
5 t r i c t o n e c t e s lepidus I 
Strictotarsus duodecimpustulatus 
E l m i d a e 
Oulimnius sp 
G y r i n i d a e 
Gyrinus substriatus (2) (2) (2) (2) (3) 
H a l i p l i d a e 
Haliplus lineatocollis 1 1 
H. ruficollis agg. 
H y d r a e n i d a e 
Limnebius truncatellus 
H y d r o p h i l i d a e 

3 
1 
6 
1 

A n a c a e n a globulus 15 1 1 
A. lutescens 1 
Helophorus aquaticus agg. 43 3 57 7 
H. brevipalpis 26 1 35 19 
H. flavipes 2 6 2 
Hydrobius fuscipes 1 1 
Laccobius atratus 
C o r i x i d a e 
A r c t o c o r i s a germari 1 
Callicorixa wollastoni 2 
Corixa punctata 1 1 
Glaenocorisa propinqua 
Hesperocorixa castanea 
H. sahlbergi 6 
Micronecta poweri 15 
Sigara distincta 2 
S. nigrolineata 2 
G e r r i d a e 
Gerris costal (1) (3) (2) (3) 
G. gibifer 
G. lacustris (2) (2) 
V e l i i d a e 
Velia caprai (2) 

1 
22 1 2 

4 

1 5 
1 
5 

5 26 

(1) (2) (1) (3) 

(1) 
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APPENDIX 2. 

? ^ ! " t a k e n i n ponds a t H a m s t e r l e y 

Pond 

M e t h o d 1 
M e t h o d 2 

Pond 

M e t h o d 1 
M e t h o d 2 

F l F2 F3 F4 F5 F6 RL RM 
5 5 5 5 6 5 10 12 

* * 

RU PS EB MF EU EL TY . TH 
5 10 10 10 10 8 10 10 * * * * * 
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APPENDIX 3. 

P l a n t s p e c i e s i n ponds a t H a m s t e r l e y F o r e s t , t o g e t h e r w i t h 
t h e i r c o v e r v a l u e s . 

Pond 

F l F2 F3 F4 F5 F6 RL RM 
S p e c i e s 
Agrostis stolonifera 
Carex demissa 
Callitriche hamulata 
C. stagnalis 4 
Deschampsia cespitosa 
Equisetum fluviatile 3 
E. palustre 3 4 
Glyceria fluitans 4 
Juncus bulbosus 3 4 3 
J. e - f f u s u s 2 3 1 4 3 
Potai77ogeton natans 5 3 5 
Ranunculus flammula 1 2 
R. omiophyllus 1 
Sparganium emersum 

Sphagnum sp 4 2 3 

T o t a l C o v e r 0 0 1 1 5 1 3 5 

Pond 

RU PS EB MF EU EL TY TH 
S p e c i e s 
Agrostis stolonifera 2 2 
Carex demissa I 
Callitriche hamulata 3 1 
C. stagnalis 3 
D e s c h a m p s i a c e s p i t o s a 1 3 
Equisetum fluviatile 
E. palustre 3 2 
Glyceria fluitans 3 3 
Juncus bulbosus 4 3 4 2 3 
J. effusus 3 3 4 4 4 5 4 4 
Potamogeton natans 3 3 2 
Ranunculus flammula I 
R. omiophyllus 3 1 
Sparganium emersum 1 
Sphagnum sp 5 5 

T o t a l C o v e r 2 1 3 3 1 1 2 1 
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Pond C h a r a c t e r i s t i c s 

APPENDIX 4 

Pond 
A r e a D e p t h Over Sed L i t 

Pond (m^) max(m) -hang S i z e 

F l F i r e R e s e r v o i r 1 16 0.7 4 3 2 
F2 F i r e R e s e r v o i r 2 10 1.0 5 5 3 
F3 F i r e R e s e r v o i r 3 12 1.1 1 4 3 
F4 F i r e R e s e r v o i r 4 26 1.1 4 5 3 
F l F i r e R e s e r v o i r 5 24 1.4 0 3 1 
F6 F i r e R e s e r v o i r 6 27 1.5 1 3 1 
RL R e d g a t e S h i e l d ( l o w e r ) 492 1.0 0 2 0 
RM R e d g a t e S h i e l d (mid) 353 0.4 1 3 1 
RU R e d g a t e S h i e l d ( u p p e r ) 18 0.3 0 3 2 
PS Pooh S t i c k Pond 97 0.6 1 3 1 
EB Euden Beck Pond 428 1.0 0 4 1 
M i l l f i e l d Pond 292 2.5 0 1 1 
EU E v e r p o o l ( u p p e r ) 517 1 . 8 0 3 0 
EL E v e r p o o l ( l o w e r ) 59 0.8 0 3 0 
TY T u l l e y s Pond 478 0.9 0 2 1 
TH T i n k e r H i l l s Pond 164 0.8 0 3 1 
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APPENDIX 5, 

R e s u l t s o f w a t e r q u a l i t y a n a l y s i s . 

Pond 

F l F2 F3 F4 F5 F6 RL RM 
V a r i a b l e 

Oxygen (%) 22 9 42 26 26 97 97 65 
PH 7.29 4 .49 4.30 5.35 5.57 8.38 6.61 6. 60 
C o n d u c t i v i t y (uS/cm) 275 50 59 72 53 125 185 225 
BOD 5 T o t a l (mg/1) 14 . 0 9.0 3.0 5.0 1 . 1 1 . 8 3.0 1 . 4 
Amm. n i t r o g e n (mg/1) 0.52 1 .36 0.50 2.26 0.72 0. 64 0 .57 0.59 
N i t r a t e (mg/1) <0 .1 <0. 1 <0.1 <0.1 <0 .1 <0.1 <0. 1 <0 .1 
N i t r i t e (mg/1) 0 .09 0.08 0.04 0.10 0.06 0 . 07 0 . 07 0 . 07 
S o l i d s (mg/1) 41 21 3 21 4 5 6 4 
T u r b i d i t y ( r a n k ) 14 13 12 16 10 7 1 4 

Pond 

RU PS EB MF EU EL TY TH 
V a r i a b l e 

Oxygen (%) 96 85 63 100 90 43 92 82 
pH 6 . 95 7 . 02 6.55 6.16 3.86 4 .50 5.80 6.50 
C o n d u c t i v i t y (uS/cm) 166 170 150 110 125 79 65 89 
BOD 5 T o t a l (mg/1) 1 . 4 1 . 6 1. 8 1 . 4 1 . 0 5.0 1 . 6 2 . 0 
Amm. n i t r o g e n (mg/1) 0 .70 0. 63 0.70 0. 69 0.91 0 . 92 0.86 0.75 
N i t r a t e (mg/1) <0 . 1 <0 .1 <0 . 1 <0. 1 <0 . 1 <0. 1 <0.1 <0 . 1 
N i t r i t e (mg/1) 0 . 05 0 . 08 0.08 0.07 0 . 04 0 . 04 0.07 0.08 
S o l i d s (mg/1) 4 3 4 2 5 15 2 5 
T u r b i d i t y ( r a n k ) 3 5 6 2 11 15 8 9 
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