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ABSTRACT 
Macro f l o r a and macro in v e r t e b r a t e s were sampled at 20 ponds i n 
County Durham, and i n f o r m a t i o n on f o r t y e i g h t environmental variables 
was also c o l l e c t e d f o r each s i t e . 

The environmental v a r i a b l e s , plant species records and numbers of 
each species of c o r i x i d a e (Hemiptera-Heteroptera) and water beetles 
(Coleoptera) o c c u r r i n g i n each pond were used as the basis of various 
methods of o r d i n a t i o n and i n d i c a t o r species analysis. 

A p r e l i m i n a r y c l a s s i f i c a t i o n of ponds i n t o f i v e groups i s proposed. 
Inf o r m a t i o n on the species and environmental features which 
chara c t e r i z e each group are presented. 



1 INTRODUCTION 

Ponds are h i g h l y i n d i v i d u a l h a b i t a t s , t h e f l o r a and 

fauna v a r y w i d e l y , and o f t e n even w i t h i n a s m a l l 

g e o g r a p h i c a l area ( F r i d a y 1981). T h i s v a r i a b i l i t y makes 

them i n t e r e s t i n g from an e c o l o g i c a l p o i n t of view as 

t h e y are p o p u l a t e d by a wide v a r i e t y of species w i t h 

unique p h y s i o l o g i c a l and b e h a v i o u r a l p r o p e r t i e s ; however 

t h e same v a r i a b i l i t y makes i t d i f f i c u l t t o e s t a b l i s h t h e 

causes o f i n t e r - p o n d v a r i a t i o n , and t o assess t h e v a l u e 

of a pond f o r n a t u r e c o n s e r v a t i o n . 

The u n d e r s t a n d i n g o f pond ecology lags behind t h a t of 

most f r e s h w a t e r and t e r r e s t r i a l ecosystems and t h i s i s 

r e f l e c t e d when assessments o f ponds f o r n a t u r e 

c o n s e r v a t i o n are made. The assessments tend t o be 

haphazard, s e p a r a t i n g o n l y n e g l e c t e d from unneglected 

ponds and f a i l i n g t o d i s t i n g u i s h between long 

e s t a b l i s h e d water bodies w i t h uncommon or r a r e species 

and e a s i l y r e p l a c e d ponds w i t h a wide v a r i e t y of common 

p l a n t and animal s p e c i e s (Pond A c t i o n 1989). 

V a r i o u s management t e c h n i q u e s e x i s t t o c o n t r o l t h e 

e f f e c t s o f f a c t o r s such as v e g e t a t i o n succession, shade, 

water q u a l i t y and s i l t a c c u m u l a t i o n . However t h e 

e f f e c t s o f these t e c h n i q u e s are understood o n l y i n t h e 

most g e n e r a l terms (Brooks & Agate, 1981). Pond 

management t h u s remains a m i x t u r e o f c a u t i o u s dredging. 



weed c u t t i n g , shade c o n t r o l and maintenance of h a b i t a t 

d i v e r s i t y . 

E x p e r i m e n t a l s t u d i e s are needed t o r e f i n e pond 

management, b u t these are hampered by a l a c k o f 

u n d e r s t a n d i n g o f t h e causes o f t h e v a r i a t i o n between 

ponds. Much o f t h i s v a r i a t i o n between ponds was 

e x p l a i n e d on t h e b a s i s o f chance ( T a i l i n g , 1950) but 

r e c e n t work i n O x f o r d s h i r e (Biggs & Langley, 1989) and 

S c o t l a n d ( J e f f r i e s , 1989) has shown t h a t ponds can be 

c l a s s i f i e d i n t o groups on t h e b a s i s of s i m i l a r i t i e s i n 

t h e communities t h e y s u p p o r t . T h i s suggests t h a t 

e n v i r o n m e n t a l f a c t o r s r a t h e r t h a n chance alone, may 

i n f l u e n c e which s p e c i e s i n h a b i t a p a r t i c u l a r pond. 

T h i s s t u d y i n v e s t i g a t e s t h e r e l a t i o n s h i p s between t h e 

p l a n t s , m a c r o - i n v e r t e b r a t e s and e n v i r o n m e n t a l f a c t o r s o f 

a number o f ponds i n County Durham. An attempt has been 

made t o c l a s s i f y t h e ponds i n t o r e c o g n i s a b l e groups, t h e 

members o f which a r e l i k e l y t o behave i n s i m i l a r ways 

under e x p e r i m e n t a l c o n d i t i o n s . A d i s c u s s i o n o f t h e use 

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

o f pond e c o l o g y and i t s use i n n a t u r e c o n s e r v a t i o n i s 

p r e s e n t e d . 



2.1 F I E L D SURVEY 

Twenty ponds were chosen t o r e p r e s e n t a range o f 

ph y s i c o - c h e m i c a l and h a b i t a t c o n d i t i o n s . Given t h e 

l i m i t e d t i m e a v a i l a b l e , s t u d i e s were r e s t r i c t e d t o ponds 

under 155m a l t i t u d e and l e s s t h a n 2000m^ s u r f a c e area. 

A number o f these l i e on t h e c o a l measures, s e v e r a l are 

s i t u a t e d on t h e Magnesium l i m e s t o n e and one i s a sand 

dune pond. 

A s t a n d a r d method was employed f o r each pond s t a y i n g as 

c l o s e t o t h e N a t i o n a l Pond Survey (NPS) procedure as 

p o s s i b l e . (see Appendix 1 f o r a copy of t h e f i e l d 

r e c o r d i n g s h e e t ) . 

I n i t i a l v i s i t s were made i n A p r i l 1991 t o assess t h e 

s u i t a b i l i t y o f each pond f o r i n c l u s i o n i n t h e study on 

t h e grounds o f access and s i z e , as i t was not always 

p o s s i b l e t o decide from maps. I n May, t h e p h y s i c a l 

f e a t u r e s (2,1.1) o f each pond and t h e p l a n t species 

p r e s e n t were i d e n t i f i e d ( 2 . 1 . 3 ) . The m a c r o - i n v e r t e b r a t e 

samples were c o l l e c t e d on two occasions, once i n June, 

and once i n J u l y ( 2 . 1 . 4 ) . Water samples were c o l l e c t e d 

and b a s i c w a ter c h e m i s t r y measurements made (2.1.2) i n 

a l l t h e ponds over a two day p e r i o d i n J u l y , and any 

a d d i t i o n a l p l a n t species which had appeared s i n c e May 

were r e c o r d e d . 



The f o l l o w i n g i n f o r m a t i o n was o b t a i n e d from each s i t e ; 

2.1,1 A DESCRIPTION OF THE MAIN PHYSICAL 
FEATURES OF THE POND AND I T S SURROUNDINGS 

( i ) The i n i t i a l t a s k a t each s i t e was t o walk t h e 

p e r i m e t e r o f t h e pond t o r e c o r d v e g e t a t i o n , and t o 

assess t h e r e l a t i v e importance o f d i f f e r e n t water 

sources ( eg: ground water, r u n o f f , d i r e c t 

p r e c i p i t a t i o n ) . The l a t t e r was completed w i t h o u t a 

d e t a i l e d h y d r o l o g i c a l survey. 

( i i ) The presence o f s u r f a c e i n f l o w s and o u t f l o w s was 

th e n r e c o r d e d . I f p r e s e n t , t h e w i d t h and depth o f f l o w 

i n t h e channel was measured and an e s t i m a t e o f the f l o w 

c a t e g o r y made. 

( i i i ) T h i r d l y , l a n d use i n t h r e e zones around t h e pond 

and i n t h e catchment o f any streams which d r a i n i n t o t h e 

pond, was re c o r d e d . The zones were: (a) Upto 5m from 

t h e pond (immediate p e r i m e t e r ) , (b) 5-25m from t h e pond, 

( c ) 25-lOOm from t h e pond, (d) catchment. This was 

e s t i m a t e d f r o m 1:25000 OS maps. 

( i v ) The p r o x i m i t y o f t h e pond t o o t h e r wetlands and 

water bodies was recorded. The c o n n e c t i o n between t h e 

pond and any n e i g h b o u r i n g wetlands was assessed t o 

d i s t i n g u i s h between permanent and temporary connections. 

( v ) The p r o p o r t i o n o f t h e pond margin overhung by t r e e s 

and/or shrubs was measured. The p r o p o r t i o n o f the pond 

as a whole overhung by t r e e s and/or shrubs was a l s o 

assessed and reco r d e d . They were c a t e g o r i s e d as 



f o l l o w s : 0 = no shade, 1 = 1-20%, 2 = 21-40%, 3 = 41-

60%, 4 = 61-80%, 5 = 81-100%. 

( v i ) E s t i m a t e s o f t h e area o f t h e pond occupied by 

emergent, f l o a t i n g l e a v e d and submergent p l a n t s were 

made. These depended on growth form r a t h e r than 

s p e c i e s . For example, water s t a r w o r t ( C a l l i t r i t c h e sp.) 

c o u l d be r e c o r d e d i n b o t h submerged and f l o a t i n g leaved 

c a t e g o r i e s ; and stands o f reeds (Typha sp.) w i t h 

duckweed (Lemna sp. ) growing between t h e stems c o u l d be 

re c o r d e d i n b o t h submerged and f l o a t i n g leaved 

c a t e g o r i e s . 

( v i i ) F i n a l l y t h e base m a t e r i a l o f t h e pond was 

i d e n t i f i e d (eg: c l a y , g r a v e l , b u t y l ) a sample of 

sediment t a k e n and i t s c o m p o s i t i o n noted. 

2.1.2 BASIC WATER CHEMISTRY 

( i ) Water c l a r i t y was e s t i m a t e d on a s c a l e of 1-4 as 

t h e w a t er was t o o s h a l l o w f o r a secchi d i s c t o be 

u s e f u l . 

( i i ) F i v e water samples were c o l l e c t e d a t random 

l o c a t i o n s 2m from t h e shore and 20cm below t h e s u r f a c e 

a t each s i t e . pH and c o n d u c t i v i t y were measured i n t h e 

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

( i i i ) An oxygen meter was used t o measure oxygen l e v e l s 

i n each o f t h e ponds. T h i s data was not used i n t h e 

a n a l y s i s as t h e e f f e c t s o f wave a c t i o n , temperature, 

t i m e o f day and p r o x i m i t y t o p l a n t s meant measurements 



c o u l d n o t be s t a n d a r d i s e d . I t was f e l t t h i s may have 

produced m i s l e a d i n g r e s u l t s . 

( i v ) A n o t e was made o f any p o l l u t i o n eg o i l , l a r g e 

q u a n t i t i e s o f dumped r u b b i s h . 

2.1.3 WETLAND PLANT S P E C I E S 

( i ) Page 4 o f t h e NPS. f i e l d r e c o r d i n g sheet was used 

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

o f t h e pond. The i d e n t i f i c a t i o n guides used were: 

CLAPHAM A.R. TUTIN T.G. and MOORE D.M. (1988) 
F l o r a o f t h e B r i t i s h I s l e s . 3 r d E d i t i o n : 
Cambridge U n i v e r s i t y Press. 

HALEM S. SINKER C. and WOLSELY L. (1975) B r i t i s h 
Water P l a n t s : 
R e p r i n t e d from F i e l d S t u d i e s 4 

WIGGINTON M.J. and GRAHAM G.G- (1981) Guide t o t h e 
i d e n t i f i c a t i o n o f t h e more d i f f i c u l t v a s c u l a r p l a n t 
s p e c i e s : 
Nature Conservancy C o u n c i l . 

2.1.4 MACRO INVERTEBRATES 

( i ) W i t h t h e aim o f c o l l e c t i n g as many species as 

p o s s i b l e , a l l t h e main h a b i t a t s and micro h a b i t a t s i n 

th e pond were i d e n t i f i e d ( s u i t a b l e m i c r o h a b i t a t s 

i n c l u d e d f l o o d e d m a r g i n a l grasses, stands o f water l i l y , 

i n f l o w areas, open water e t c ) . Each pond was sampled 

f o r a t o t a l o f s i x minutes ( t h e t i m e o f t h e net i n t h e 

w a t e r ) w i t h t h e sample t i m e d i v i d e d e q u a l l y between 

m i c r o h a b i t a t s . 



T r i a l s show t h a t 5 sweeps w i t h a 1mm mesh net w i l l 

o b t a i n a t l e a s t 85% o f species i n a pond. However pond 

n e t s a re renowned f o r undersampling c e r t a i n elements o f 

th e fauna - most n o t a b l y leeches (see MACAN 1977, f o r 

c r i t i q u e ) . T h e r e f o r e species l i s t s may not be complete. 

Nonetheless, t h i s t e c h n i q u e was deemed s u i t a b l e f o r a 

comparison o f pond communities. 

( i i ) The n e t was used v i g o r o u s l y t o d i s l o d g e animals 

f r o m v e g e t a t i o n and banks. Occasional l o n g sweeps 

c a p t u r e d f a l l e n o r escaping animals. I n ponds w i t h 

g r a v e l y o r stoney s u b s t r a t e s t h e coarse sediment was 

d i s t u r b e d (by k i c k i n g ) t o b r i n g animals i n t o t h e water 

column. 

( i i i ) I n a d d i t i o n t o t h e s i x minute sample a few 

minutes was spent s e a r c h i n g f o r and c o l l e c t i n g 

conspicuous a n i m a l s . For example hard s u b s t r a t e s were 

searched f o r f i r m l y a t t a c h e d animals and stones were 

l i f t e d t o l o o k f o r f l a t worms e t c . 

( i v ) Each sample was the n p l a c e d i n a c o n t a i n e r and 

l a b e l l e d . When p o s s i b l e , t h e sample was s o r t e d 

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

r e f r i g e r a t o r . 

(V) Each sample was s o r t e d i n a w h i t e t r a y w i t h water 

o f 3-5mm de p t h . A l l m a c r o - i n v e r t e b r a t e s were removed 

w i t h f o r c e p s , and s o r t e d i n t o h i g h e r t a x a . 

( v i ) Hemiptera (wat e r bugs) and Coleoptera (water 

b e e t l e s ) were i d e n t i f i e d t o species l e v e l . The 

i d e n t i f i c a t i o n guides used were: 



F I T T E R R. and MANUEL R. (1986) C o l l i n s F i e l d Guide 
t o Freshwater L i f e : 
C o l l i n s , London. 

FRIDAY L , E , (1988) A Key t o A d u l t B r i t i s h Water 
B e e t l e s : 
(AIDGAP KEY) F i e l d S t u d i e s C o u n c i l P u b l i c a t i o n 1989. 

MACAN T.T. (1965) A Revised Key t o t h e B r i t i s h Water 
Bugs ( H e m i p t e r - H e t e r o p t e r a ) 2nd E d i t i o n : 
Freswater B i o l o g y A s s o c i a t i o n . S c i e n t i f i c P u b l i c a t i o n s 
No 16. 
MACAN T.T. (1959) A Guide t o Freshwater I n v e r t e b r a t e 
Animals: 
Longman, London. 

2.1.5 HISTORY AND USE OF THE PONDS 

( i ) I n f o r m a t i o n was noted about t h e age of t h e pond, 

wether o r n o t i t d r i e s o u t , changes i n pond management 

and any use which i n f l u e n c e s t h e ecology o f t h e pond (eg 

f i s h i n g , n a t u r e c o n s e r v a t i o n , c a t t l e w a t e r i n g ) . 

( i i ) The presence o r absence o f amphibians and f i s h was 

rec o r d e d b u t no samples were c o l l e c t e d . 

2.2 ANALYSIS OF DATA 

Computer f i l e s were compiled c o n t a i n i n g records o f t h e 

p l a n t s p e c i e s , i d e n t i f i e d m a c r o i n v e r t e b r a t e species and 

th e e n v i r o n m e n t a l v a r i a b l e s from each pond. 

2.2.1 The dat a was c l a s s i f i e d u s i n g t h e TWINSPAN (TWo 

Way I N d i c a t o r SPecies A N a l y s i s ) programme (HILL 1979). 

T h i s c l a s s i f i e s samples on t h e b a s i s o f t h e i r species 

c o m p o s i t i o n ; o r i t c l a s s i f i e s s pecies on t h e b a s i s o f 

t h e i r occurance i n samples. The data i s d i v i d e d a t i t s 



c e n t r e o f g r a v i t y t o form b o t h p o s i t i v e and n e g a t i v e 

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

t h a t i s bes t r e p r e s e n t e d i n t h e form of a dendrogram. 

I t i s g e n e r a l l y accepted t h a t t h i s method has i t s f a u l t s 

(HILL and GAUCH, 1980) as i t produces t h e a r c h e f f e c t . 

2.2.2 O r d i n a t i o n o f ponds was achieved u s i n g DECOFIANA 

(DEtrended CORrespondance ANAlysis ) (TER BRAAK, 1988) 

which produces diagrams where s i m i l a r samples or species 

a r e c l o s e r t o each o t h e r and d i s s i m i l a r ones are some 

d i s t a n c e a p a r t , and CANOCO (CANOnical COrrespondance 

a n a l y s i s ) which demonstrates a r e l a t i o n s h i p between 

e n v i r o n m e n t a l v a r i a b l e s . The programme s e l e c t s t h e 

l i n e a r c o m b i n a t i o n o f e n v i r o n m e n t a l v a r i a b l e s t h a t 

maximise t h e d i s p e r s i o n o f t h e scores assigned t o each 

s p e c i e s g i v i n g t h e f i r s t a x i s . Subsequent axes are 

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

1. 



3 RESULTS 
3.1 ENVIRONMENTAL VARIABLES 

3.1.1 CLASSIFICATION AND ORDINATION OF PONDS ON THE BASIS OF THEIR 
ENVIRONMENTAL VARIABLES 

The c l a s s i f i c a t i o n o f t h e 20 ponds on t h e b a s i s o f t h e i r 

e n v i r o n m e n t a l / a t t r i b u t e s by TWINSPAN showed one pond 

( M a l t o n ) s e p e r a t i n g a t t h e f i r s t l e v e l ( F i g u r e 1 ) . T h i s 

i s t h e o n l y pond w i t h a b u t y l l i n i n g . D i v i s i o n 2 

r e s u l t e d i n t h e s e p e r a t i o n o f t h r e e ponds: Bearpark, 

East Farm and Rosa S h a f t o . The p o s i t i v e i n d i c a t o r f o r 

t h e i r s e p e r a t i o n i s poor water c l a r i t y . The remaining 

s i x t e e n ponds d i v i d e d i n t o two groups on t h e b a s i s o f 

pH, and f u r t h e r a c c o r d i n g t o age, and number of micro 

h a b i t a t s . Since two way i n d i c a t o r species a n a l y s i s i s a 

d i v i s i v e t e c h n i q u e , t h e d i v i s i o n o f t h e samples i n t o 

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

o n l y f o r as l o n g as seems u s e f u l , i n t h i s case seven 

groups are formed a t l e v e l 4. 

I n o r d e r t o more c l e a r l y demonstrate t h e envi r o n m e n t a l 

c o n d i t i o n s t h a t t y p i f y each o f t h e groups o f ponds, t h e 

more n o t a b l e f e a t u r e s o f each group are l i s t e d f o r each 

i n Table 1. 

Detrended correspondence a n a l y s i s (DCA) was c a r r i e d out 

u s i n g t h e same f i e l d survey data t o i l l u s t r a t e t h e 

r e l a t i o n s h i p between t h e ponds. F i g u r e 2 pre s e n t s an 

A x i s 1 by A x i s 2 DCA o r d i n a t i o n p l o t o f the ponds. 

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

u s i n g A x i s 3 and A x i s 4, b u t most o f t h e v a r i a t i o n i s 
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F i g u r e 1 

TWINSPAN CLASSIFICATION OF PONDS BY ENlflROlENTAL VARIABLES 
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TABLE 1 

S O I IMPORTfflT E N V I R O l l T A L FEJTDRES OF THE S E V l GROUPS OF P O I S 
GEHERATED BY THO-IY IlICATOR SPECIES ANALYSIS (Figure D 

GROUP 
(no of 
ponds) 

mean pH 
(range) 

mean 
Conductivity 
(range) 

Geology Base/ 
Sediment 

Land Use 
<5m 

Water 
C l a r i t y 

A 
(1) 

5.54 453ms CM Peat Mire 
Pasture 

Brown 
(peat 

stained) 

B 
Po l l u t e d 
(2) (5 

6.43 

93-6.93) 

628ms CM Clay/Mud 

Ooze 
Leaves 

Over 50% 

Woodland Turbid 

C 
(5) (7. 

8.11 
21-8.49) 

1611ms ML Gravel/ 
Sand 

Grassland 
Scrub 

Clear 

D 
(4) (7. 

7.48 
23-7.84) 

855ms CM Gravel/ 
Sand 

Moor/Bog 
Grassland 

S l i g h t 
Green 

E 
(3) (6. 

6.94 
9-6.97) 

756ms CM Gravel/ 
clay mud 

Woodland 
Grassland 

Clear 

F 
(3) (6. 

6.86 
81-6.93) 

448ms CM CIay/Mud Woodland 
Pasture 

Clear 

G 
(1) 

6.97 811ms CM Butyl Grassland Clear 

CM - Coal Measures 
ML = Magnesian Limestone 
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FIGURE 2 
Ordination of ponds based on DECORANA of environmental data 
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shown on these f i r s t two axes. The eigen v a l u e s can be 

tho u g h t o f as an e x p r e s s i o n o f t h e v a r i a n c e accounted 

f o r by each a x i s and are as f o l l o w s : A x i s 1 = 0.47; Ax i s 

2 - 0.38. A x i s 1 appears t o be a s s o c i a t e d w i t h t h e 

n a t u r e o f t h e bedrock t h a t t h e ponds l i e on. Those 

l y i n g over t h e Magnesian l i m e s t o n e are g i v e n n e g a t i v e 

l o a d i n g s (eg: Cassop, Wingate, Wingate Far Pond), those 

ponds l y i n g over c o a l measures have p o s i t i v e l o a d i n g s 

(eg:Rosa S h a f t o and East Farm). A x i s 2 i s a s s o c i a t e d 

w i t h pH and c o n d u c t i v i t y . Ponds w i t h a c i d waters and 

low c o n d u c t i v i t y measures have n e g a t i v e l o a d i n g s on t h i s 

a x i s (eg: Croxdale H a l l Oxboe, Franklands, B e a r p a r k ) . 

Those w i t h h i g h pH, and h i g h e r l e v e l s o f d i s s o l v e d ions 

( c o n d u c t i v i t y ) have p o s i t i v e l o a d i n g s (eg:Raisby, Bishop 

Middleham, Seaton Carew). Only one pond occupies a 

s l i g h t l y anomalous p o s i t i o n i n r e l a t i o n t o t h i s crude 

d i v i s i o n . M a l t o n w i t h i t s b u t y l l i n i n g i s n ot 

i n f l u e n c e d by t h e u n d e r l y i n g geology and has pH j u s t 

above n e u t r a l ( 7 . 2 8 ) . Mans i n f l u e n c e i n a l t e r i n g b o t h 

t h e p h y s i c a l and chemical c h a r a c t e r i s t i c s o f t h i s pond 

means i t f a i l s t o conform t o t h e g e n e r a l p a t t e r n c r e a t e d 

w i t h i n t h i s o r d i n a t i o n . 

3.2,2 CLASSIFICATION AND ORDINATION OF PONDS ON THE BASIS OF PLANT 
SPECIES COMPOSITION 

i ) I n d i c a t o r s p e c i e s a n a l y s i s 

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 p l a n t 

s p e c i e s by TWINSPAN ( F i g u r e 3) r e s u l t e d i n one pond 

(Bearpark, group L) s e p a r a t i n g a t l e v e l 1. The 
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TABLE 2 

WETLAND PLANT SPECIES RANKED BY CONSTANCY 
I of ponds species occur i n 

Typha l a t i f o l i a 65% 

15 

8 
Lemna minor 65% 
Potamoqeton natans 65% 
Phraqmites a u s t r a l i s 55% 
Juncus e f f u s u s 45% 
Mentha a q u a t i c a 40% 
E l e o c h a r i s p a l u s t r i s 40% 
Menyanthes t r i f o l i a t a 40% 
Equisetuiti f l u v i a t i l e 35% 
H i p p u r i s v u l q a r i s 35% 
I r i s pauedacorus 30% 
C a l l i t r i t c h e s t a q n a l i s 30% 
Potamoqeton b e r c h t o l d i i 25% 
Elodea canadensis 25% 
C a l t h a p a l u s t r i s 20% 
Nymphae a l b a 15% 
Ve r o n i c a beccabunqa 15% 
Sparqanium erectum 20% 
Ranunculus a q u a t i l i s 20% 
H y d r o c o t y l e v u l q a r i s 15% 
Alisma p l a n t a q o - a q u a t i c a 15% 
Apium n o d i f l o r u m 15% 
Ranunculus t r i c h o p h y l l u s 10% 
G l y c e r i a f l u i t a n s 10% 
Juncus i n f l e x u s 10% 
Juncus bulbosus 10% 
Potamoqeton p e c t i n a t u s 10% 
Juncus q e r a r d i 5% 
N a s t u r t i u m o f f i c i o n a l e 5% 
P o t e n t i l l a p a l u s t r i s 5% 
M y r i o p h y l l u m spicatum 5% 
Ranunculas p e l t a t u s 5% 
Ranunculus flammula 5% 
Ranunculus s c l e r a t u s 5% 



F i g u r e 3 j 

TWINSPAN CLASIFICATION OF P O I S BY PLANT SPECIES 
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TABLE 3 

SOME IMPORTANT ICRO-FLORA INDICATOR SPECIES 17PICAL OF THE FIVE 
GROUPS OF P O I S GENERATE) BY TWO-WAY IlICATOR SPECIES ANALYSIS 
Figure 3 
GROUP PLANT SPECIES 
(Number o f 
ponds) 

H Ranunculus a q u a t i l i s Potamoqeton b e r c h t o l d i i 
(2) 

I H i p p u r i s v u l q a r i s Myriophylum spicatum 
(5) C a l l i t r i t c h e s t a q n a l i s Apium n o d i f l o r u m 

J E l e o c h a r i s p a l u s t r i s Mentha a q u a t i c a 
(8) Elodea canadensis Alisma p l a n t a q o a q u a t i c a 

K Sparqanium erectum Menyanthes t r i f o l i a t a 
( 4 ) 

L Juncus bulbosus 
(1) 
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r e m a i n i n g ponds (n=19) form f o u r groups a t l e v e l 3 o f 

th e d i v i s i o n s . The f i r s t dichotomy used Juncus bulbosus 

as a p o s i t i v e i n d i c a t o r , and Typha l a t i f o l i a as a 

n e g a t i v e i n d i c a t o r ( r e m a i n i n g ponds). D i v i s i o n 2 

s e p e r a t e d ponds i n t o two f u r t h e r groups. Sparqanium 

erectum and Menyanthes t r i f o l i a t a were t h e p o s i t i v e 

i n d i c a t o r s f o r groups J and K, and Apium n o d i f l o r u m and 

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

H and I . S i m i l a r l y , t h e presence of E l e o c h a r i s 

p a l u s t r i s and Sparqanium erectum seperated group J from 

K. 

I n o r d e r t o more c l e a r l y i d e n t i f y t h e p l a n t species t h a t 

are t y p i c a l l y found i n each of t h e groups, t h e more 

n o t a b l e s p e c i e s are l i s t e d f o r each i n Table 3. 

i i ) General r e l a t i o n s h i p between f l o r a and environmental 
f a c t o r s . 

Ponds i n group K have low species r i c h n e s s and are 

dominated by p l a n t species assemblages i n d i c a t i v e o f low 

pH c o n d i t i o n s , eg Menyanthes t r i f o l i a t a , Sparqanium 

erectum. Groups H, I and J on t h e o t h e r hand are more 

s p e c i e s r i c h . Group J s u p p o r t s species a s s o c i a t e d most 

o f t e n w i t h n e u t r a l o r mesotrophic c o n d i t i o n s (pH 7) eg: 

E l e o c h a r i s p a l u s t r i s and Mentha a q u a t i c a . Group I 

c o n s i s t s o f ponds c o n t a i n i n g p l a n t species w i t h a 

p r e f e r e n c e f o r h i g h pH c o n d i t i o n s , eg Myriophylum 

verrucosum and H i p p u r i s v u l q a r i s as w e l l as p l a n t s 

f r e q u e n t l y a s s o c i a t e d w i t h l i m e s t o n e , eg C a l l i t r i t c h e 

s t a q n a l i s and Apium n o d i f l o r u m . Group H i s not 
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d i s s i m i l a r t o group I . Bishop Middleham and Carr House 

ponds which form t h i s TWINSPAN group are a n c i e n t ponds 

and as w e l l as c o n t a i n i n g p l a n t species t h a t p r e f e r 

e l e v a t e d pH, t h e y s u p p o r t a number of l e s s common 

s p e c i e s . 

i i i ) O rdination 

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 ( i . e . c a n o n i c a l 

o r d i n a t i o n ) u s i n g p l a n t species and measured 

e n v i r o n m e n t a l v a r i a b l e s produced t h e graphs shown i n 

f i g u r e s 4 and 5. CANOCO (CCA) e x t r a c t s dominant p a t t e r n s 

o f v a r i a t i o n i n t h e species data by o r d i n a t i o n o f p l a n t 

s p e c i e s and determines t h e r e l a t i o n s h i p o f t h i s p a t t e r n 

t o e n v i r o n m e n t a l f e a t u r e s . Because d i r e c t i o n o f 

v a r i a t i o n o f some o f t h e en v i r o n m e n t a l v a r i a b l e s i s 

s i m i l a r t o t h a t o f o t h e r s , minor v a r i a b l e s were removed 

t o improve t h e c l a r i t y o f t h e p l o t and ease 

i n t e r p r e t a t i o n . T h i s l e f t seven v a r i a b l e s , t h e b i - p l o t s 

o f which are shown as arrows r e p r e s e n t i n g t h e d i r e c t i o n 

o f v a r i a t i o n i n t h e v a r i a b l e s over t h e whole dimension 

o f t h e o r d i n a t i o n . The l e n g t h o f t h e arrow r e l a t e s t o 

t h e r a t e o f change i n t h a t v a r i a b l e - i m p o r t a n t 

v a r i a b l e s have l o n g e r arrows. 

The o r d i n a t i o n o f ponds shown i n F i g u r e 4 (pond p l a n t 

assemblages w i t h r e s p e c t t o en v i r o n m e n t a l v a r i a b l e s ) 

s u p p o r t s t h e r e s u l t s o f t h e TWINSPAN by i l l u s t r a t i n g t h e 

p o s i t i o n o f ponds r e l a t i n g d i r e c t l y t o pH, c o n d u c t i v i t y 

and geology. 
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The c a n o n i c a l c o e f f i c i e n t s (c v a l u e s ) t h a t d e f i n e t h e 

two axes and t h e c o r r e l a t i o n s o f t h e environmental 

v a r i a b l e s ( r v a l u e s ) w i t h these axes i n b o t h f i g u r e 4 

and 5, were: pH ((c-0.047, r - 0 . 6 4 ) . C o n d u c t i v i t y ( c -

0.039, r - 0 . 5 8 ) . Water c l a r i t y (c-0.026, r-0.727), ML ( c -

0.035, r-0.521) and Clay/Mud (c-0.047, r-0.147) are 

p o s i t i v e l y c o r r e l a t e d w i t h t h i s a x i s . Ranked c a n o n i c a l 

c o e f f i c i e n t s o f a x i s 2 showed: pH (c-0.057, r-0.562), 

Clay/Mud (c-0.047, r-0.581) and CM (c-0.039, r-0.544) as 

b e i n g t h e foremost v a r i a b l e s i n f l u e n c i n g t h i s a x i s . 

Ponds i n TWINSPAN group I ( F i g u r e 4) w i t h species 

i n d i c a t i v e o f h i g h pH c o n d i t i o n s eg: Apium n o d i f l o r u m , 

Myriophylum spicatum and H i p p u r i s v u l g a r i s c o n d i t i o n s 

were o r i e n t e d w i t h t h e arrows r e p r e s e n t i n g pH and water 

c l a r i t y . Group H ponds were p l a c e d along t he same 

o r i e n t a t i o n as c o n d u c t i v i t y , these ponds a l t h o u g h not 

d i s s i m i l a r t o those o f group I i n t h e i r e n v i ronmental 

f e a t u r e s s u p p o r t p l a n t species n o t common i n t h e o t h e r 

s i t e s eg Ranunculus a g u a t i l i s and Potamogeton lucens. 

Group J ponds were p l a c e d o p p o s i t e pH and c o n d u c t i v i t y 

c l o s e t o CM ( c o a l measures). T h i s pond group c o n s i s t s 

o f ponds w i t h low pH (under pH 7) l y i n g over coal 

measures w i t h c l a y and sediments, s u p p o r t i n g p l a n t 

s p e c i e s 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 c o n d i t i o n s : 

E l e o c h a r i s p a l u s t r i s , Myriophylum t r i f o l i a t a , Alisma 

p i a n t a g o - a g u a t i c a . Rosa S h a f t o , East Farm, Raisby and 

M i l l h o u s e which make up TWINSPAN group K are o r i e n t e d 

w i t h R u b b i s h / p o l l u t i o n , c o n d i t i o n s which s u i t Sparqanium 
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FIGURE 4 

CCA Ordination of ponds on the basis of plant species and 
environmental variables. 
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FIGURE 5 

CCA Ordination of plant species on the basis of environmental 
v a r i a b l e s . 
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erectum. Group L Bearpark l i e s o p p o s i t e water c l a r i t y 

and s u p p o r t s t h e p l a n t species Juncus bulbosus which i s 

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

A l t h o u g h many p l a n t species appear t o be r e l a t i v e l y 

c a t h o l i c i n t h e i r t a s t e o f h a b i t a t , ( o n l y t w e l v e o f t h e 

t h i r t y f o u r p l a n t species recorded are shown i n f i g u r e 5 

as t h e o t h e r s had s m a l l l o a d i n g s on b o t h axes and are 

not s p e c i f i c t o any groups i n t h e o r d i n a t i o n ) . The 

evidence suggests t h a t pH i s t h e most i m p o r t a n t 

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

3.3 MACRO-INVERTEBRATES 

3.3.1 GENERAL DISTRIBUTION OF FAUNA 

I^durteenJ) s p e c i e s o f Hemiptera and s i x t e e n species o f 

C o l e o p t e r a were i d e n t i f i e d (Table ̂ 8) o f which S i g a r a 

s c o t t i , C a l l i c o r i x a p r a e u s t a and Notonecta glauca were 

th e most widespread c o r i x i d s o c c u r i n g a t 40-50% of t h e 

ponds. G e r r i s l a c u s t r i s was found o n l y a t one s i t e . 

H ygrotus i n a e q u a l i s , H a l i p l u s f l u v i a t i l i s , and Hydrobius 

f u s c i p e s were t h e most common water b e e t l e species 

o c c u r i n g a t 30-40% o f ponds, 4 o f t h e species were 

i d e n t i f i e d o n l y from 1 pond: Helophorus a e q u a l i s , 

Helophorus q r a n d i s , Helophorus minutus and Hydroporus 

p a l u s t r i s . 

The h i g h e s t number o f Hemiptera and Cole o p t e r a species 

t h a t any pond was found t o s u p o r t was 8, and a near 

normal d i s t r i b u t i o n o f species i s apparent 
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TABLE 4 

ICRO-INVERTEBRATE SPECIES RANKED BY CONSTANCY 
(% o f ponds spec i e s occur i n ) 
HEMIF»TERA (Water Bugs) 

C a l l i c o r i x a p r a e u s t a 50% 
Hesp e r a c o r i x a s a h l b e r q i 40% 
Notonecta q l a u c a 40% 
Si q a r a d o r s a l i s 25% 
Si q a r a fossarum 25% 
Si q a r a s c o t t i 20% 
Si q a r a l a t e r a l i s 20% 
G e r r i s l a c u s t r i s 10% 
Cymatia b o n s d o r f f i 10% 
Siq a r a n i q r o l i n e a t a 10% 
Si q a r a d i s t i n c t a 5% 
Si q a r a s e l e c t a 5% 
G e r r i s t h o r a c i c u s 5% 

COLEOE»TERA (Water B e e t l e s ) 

Hyqrotus i n a e q u a l i s 30% 
H a l i p l u s f l u v i a t i l i s 30% 
Hydrobiusus f u s c i p e s 30% 
H a l i p l u s l i n e o l a t u s 25% 
H a l i p l u s f u l v u s 25% 
H a l i p l u s a p i c a l i s 20% 
H a l i p l u s c o n f i n i s 15% 
La c c o p h i l u s minutus 15% 
Noterus c l a v i c o r n i s 15% 
H a l i p l u s r u f i c o l l i s 10% 
Laccobius b i p u n c t a t u s 10% 
H a l i p l u s r i p a r i s 10% 
Helophorus a e q u a l i s 5% 
Helophorus q r a n d i s 5% 
Helophorus minutus 5% 
Hydroporus p a l u s t r i s 5% 
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3.3.2 CLASSIFICATION AND ORDINATION OF PONDS ON THE BASIS OF 
HEMIPTERAN AND COLEOPTERAN SPECIES 

i ) I n d i c a t o r s p e c i e s a n a l y s i s 

A HEMIPTERA 

C l a s s i f i c a t i o n o f t h e 17 ponds on t h e b a s i s o f t h e i r 

Hemipteran sp e c i e s by TWINSPAN ( F i g u r e 6 A) r e s u l t e d i n 

f o u r groups a t l e v e l 2 of t h e d i v i s i o n . 

The f i r s t dichotomy has Notonecta qlauca as a p o s i t i v e 

i n d i c a t o r r e s u l t i n g i n groups M and N, and Hesperacorixa 

s a h l b e r q i as a n e g a t i v e i n d i c a t o r r e s u l t i n g i n groups 0 

and P. D i v i s i o n 2 seperate d t h e t w e l v e ponds i n t o two 

groups. C a l l i c o r i x a p r a e u s t a was a p o s i t i v e i n d i c a t o r 

f o r group N and S i q a r a d o r s a l i s was n e g a t i v e i n d i c a t o r 

f o r group M. Groups 0 and P were c r e a t e d a t d i v i s i o n 3 

w i t h G e r r i s l a c u s t r i s as t h e i n d i c a t o r s p e c i e s . 

B COLEOPTERA 

C l a s s i f i c a t i o n o f t h e 19 ponds (Bearpark had no water 

b e e t l e s ) on t h e b a s i s o f t h e i r water b e e t l e species by 

TWINSPAN ( F i g u r e 6B) a l s o r e s u l t e d i n f o u r groups a t 

l e v e l 2 o f t h e d i v i s i o n s . H a l i p l u s l i n e o l a t u s i s a 

p o s i t i v e i n d i c a t o r f o r groups Q and R, and Hydrobius 

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

groups S and T. Groups Q and R a r i s e a t d i v i s i o n 2 w i t h 

L a c c o p h i l u s minutus as n e g a t i v e i n d i c a t o r f o r group R, 

and a t d i v i s i o n 3 H a l i p l u s a p i c a l i s i s i n d i c a t o r f o r 

group T. 
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F i g u r e 6 
TWINSPAN CLASSIFICATION OF P O I S ON Tffi BASIS OF ICRO-IPERTEBRJTE 
SPECIES. 
A HEMIPTERA 
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TABLE 5 

SOME IMPORTANT MACRO-INVERTEBRATE SPECIES TYPICAL OF THE 
FOUR GROUPS OF PONDS GENERATED BY TWO-WAY INDICATOR 
SPECIES ANALYSIS. ( F i g u r e 6) 

A GROUP HEM I RTERA 
(No o f s i t e s ) 

M S i q a r a d o r s a l i s C a l l i c o r i x a p r a eusta 
(6) 

N C a l l i c o r i x a p r a e u s t a C o r i x a p u n c t a t a 
(7) H e s p e r a c o r i x a s a h l b e r q i Notonecta qlauca 

0 G e r r i s l a c u s t r i s S i q a r a s c o t t i 
( 3 ) 

P S i q a r a d i s t i n c t a S i q a r a s c o t t i 
( 4 ) 

B GROUP COLE:OF*TERA 
(No o f s i t e s ) 

Q L a c c o p h i l u s minutus H a l i p l u s f u l v u s 
(4) 

R Laccobius b i p u n c t a t u s H a l i p l u s f u l v u s 
(8) H a l i p l u s f l u v i a t i l i s 

S H a l i p l u s f l u v i a t i l i s 
(3) 

T H a l i p l u s a p i c a l i s H a l i p l u s l i n e o l a t u s 
(4) 
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I n o r d e r t o more c l e a r l y i d e n t i f y t h e species t h a t are 

t y p i c a l l y found i n each o f t h e groups, t h e more n o t a b l e 

s p e c i e s are l i s t e d f o r each i n Table 5. 

i i ) O r d i n a t i o n . 

Using CANOCO as i n 3.2.2, f o u r e n v i r o n m e n t a l v a r i a b l e 

b i - p l o t s a re shown i n F i g u r e 7 (Hemiptera) and two i n 

F i g u r e 8 ( C o l e o p t e r a ) . These CCA O r d i n a t i o n s support 

t h e TWINSPAN r e s u l t s seen i n F i g u r e 6 and i l l u s t r a t e t h e 

importance o f water c h e m i s t r y and percentage cover o f 

emergent v e g e t a t i o n on t h e d i s t r i b u t i o n o f macro-

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

A HEMIPTERA 

The c a n o n i c a l c o e f f i c i e n t s (c v a l u e s ) t h a t d e f i n e t h e 

two axes, and c o r r e l a t i o n s o f t h e environmental 

v a r i a b l e s ( r v a l u e s ) w i t h these axes i n F i g u r e 7 were: 

pH (c-0.024, r - 0 . 1 9 ) . C o n d u c t i v i t y (c-0.041, r-0.34) was 

n e g a t i v e l y c o r r e l a t e d w i t h a x i s 1, w h i l e Scrub (c-0.032, 

r-0.27) and percentage cover o f emergent v e g e t a t i o n ( c -

0.38, r-0.27) were p o s i t i v e l y c o r r e l a t e d w i t h t h i s a x i s . 

Ranked c o e f f i c i e n t s o f a x i s 2 showed pH (c-0.028, r -

0.29), C o n d u c t i v i t y (c-0.032, r - 0 . 3 8 ) . Scrub (c-0.021, 

r-0.29) were n e g a t i v e l y c o r r e l a t e d , and percentage cover 

o f emergent v e g e t a t i o n (c-0.021, r-0.29) p o s i t i v e l y 

c o r r e l a t e d . 

Ponds i n TWINSPAN group M ( F i g u r e 6) appear on t h e graph 

c l o s e s t t o arrows r e p r e s e n t i n g pH and c o n d u c t i v i t y , and 

su p p o r t s p e c i e s such as S i q a r a d o r s a l i s and Notonecta 
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FIGURE 7 

CCA O r d i n a t i o n of ponds by C o r i x i d s p e c i e s and environmental 
v a r i a b l e s 
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FIGURE 8 

CCA O r d i n a t i o n of ponds by Coleopteran s p e c i e s and environmental 
v a r i a b l e s 
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q l a u c a . Group N ponds l i e c l o s e t o t h e b i - p l o t f o r 

scr u b , a l t h o u g h many species l i e i n t h e area o f 

o r d i n a t i o n between these two groups, s u g g e s t i n g t h a t 

t h e y are n o t d i s s i m i l a r , such species i n c l u d e : Notonecta 

q l a u c a , G e r r i s t h o r a c i c u s , and Siq a r a l a t e r a l i s . 

Bearpark, Rosa S h a f t o and Raisby ponds which form 

TWINSPAN group 0, i n F i g u r e 6, a l l have low pH and h i g h 

percentage cover o f emergent p l a n t s . Such c o n d i t i o n s 

appear f a v o u r a b l e t o t h e c o r i x i d s pecies: S i q a r a 

n i q r o l i n e a t a and G e r r i s l a c u s t r i s . Group P ponds b e i n g 

o f an a c i d n a t u r e are o r i e n t e d o p p o s i t e pH and 

C o n d u c t i v i t y and t h e species Hesperacorixa s a h l b e r q i and 

Cymatia b o n s d o r f f i seem t o p r e f e r such c o n d i t i o n s . 

B COLEOPTERA 

The c a n o n i c a l c o e f f i c i e n t s (c v a l u e s ) t h a t d e f i n e t h e 

two axes, and c o r r e l a t i o n s o f t h e environmental ( r 

v a l u e s ) w i t h these axes i n F i g u r e 8 were: pH (c-0.38, 

rO.47) n e g a t i v e l y c o r r e l a t e d w i t h a x i s 1. While 

C o n d u c t i v i t y (c-0.42,rO.32) was p o s i t i v e l y c o r r e l a t e d . 

Both these a l s o i n f l u e n c e a x i s 2 n e g a t i v e l y : pH (c-0.19, 

r - 0 . 3 7 ) . C o n d u c t i v i t y (c-0.09, r - 0 . 3 2 ) . 

Ponds i n TWINSPAN group Q ( F i g u r e 6) are o r i e n t e d 

o p p o s i t e pH, these ponds a l l have a pH l e s s than pH 7. 

Ponds i n group R, are o r i e n t e d o p p o s i t e c o n d u c t i v i t y , a 

number o f water b e e t l e species are a s s o c i a t e d w i t h these 

ponds i n c l u d i n g H a l i p l u s l i n e o l a t u s , and H a l i p l u s 

f l u v i a t i l i s . Coot, Cassop, Maiton and Carr House ponds 
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which make up group S p r o v i d e c o n d i t i o n s which appear 

f a v o u r a b l e t o Helophorus a e q u a l i s and Helophorus 

a e q u a l i s . F i n a l l y TWINSPAN group T which has h i g h 

c o n d u c t i v i t y s u p p o r t s species such as Hydrobius 

f u s c i p e s , H a l i p l u s f u l v u s and H a l i p l u s c o n f i n i s . 
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4 DISCUSSION 
A n a l y s i s o f t h e da t a i n d i c a t e s a s t r o n g r e l a t i o n s h i p 

between t h e p l a n t and animal species assemblages 

i d e n t i f i e d i n t h e ponds, and t h e i r c h e m i s t r y , most 

n o t a b l y t h e i r pH. The apparent p a t t e r n s c o u l d c l e a r l y 

be o f e c o l o g i c a l importance. 

4.1 FACTORS INFLUENCING GENERAL MACRO-FLORA 
DISTRIBUTION. 

Almost any s u b s t r a t a , p r o v i d e d i t i s s u f f i c i e n t l y w e l l 

i l l u m i n a t e d w i l l be c o l o n i s e d by v e g e t a t i o n . The 

d i s t r i b u t i o n o f t h i s v e g e t a t i o n w i t h i n a pond i s u s u a l l y 

found t o be: emergents p l a n t s i n t h e s h a l l o w e r water, 

submerged p l a n t s i n t h e deepest and f l o a t i n g leaved 

p l a n t s i n t h e zone inbetween. 

The d i s t r i b u t i o n o f a q u a t i c p l a n t s between waterbodies 

i s d e t e r m i n e d by a number o f f a c t o r s . PEARSALL (1920) 

c o n s i d e r e d s u b s t r a t e and depth t o be t h e most i m p o r t a n t 

f a c t o r s i n t h e Lake D i s t r i c t . SPENCE (1967) regarded 

water c h e m i s t r y o f l a k e s as h i g h l y s i g n i f i c a n t 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 p l a n t s , and ORMEROD e t 

a l (1987) have shown t h a t assemblages o f p l a n t s i n Wales 

were r e l a t e d s t r o n g l y t o pH. 

C l e a r l y some macrophyte species are r e s t r i c t e d t o 

n u t r i e n t poor waters w i t h o t h e r s more t y p i c a l of 

n u t r i e n t r i c h s i t e s , but many are more c a t h o l i c i n t h e i r 

r e q u i r e m e n t s . Species most c h a r a c t e r i s t i c of a c i d 
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w a t e r s i n c l u d e , Juncus bulbosus, and Sparqanium erectum. 

Species commonly a s s o c i a t e d w i t h h i g h pH s i t e s a re 

M y r i o p h y l l u m s p i c a t u m and Potamoqeton lucens. 

I n t e r m e d i a t e assemblages c o n s i s t o f u b i q u i t o u s species 

eg Potamoqeton natans o r ones a s s o c i a t e d w i t h 

m e s o t r o p h i c o r n e u t r a l pH c o n d i t i o n s such as Ranunculus 

a q u a t i l i s , Apium n o d i f l o r u m and Veronica beccabunqa. 

M a c r o f l o r a l s i m i l a r i t i e s are g r e a t e s t between ponds of 

s i m i l a r pH which suggest t h a t s u c c e s s f u l c o l o n i s a t i o n o f 

a t l e a s t some ponds i s r e s t r i c t e d by chemical o r 

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

4.2 FACTORS INFLUENCING GENERAL INVERTEBRATE FAUNA 
DISTRIBUTION. 

A l t h o u g h t h e g e n e r a l c h a r a c t e r o f t h e communities i s s e t 

by water c h e m i s t r y , t h e r e i s c o n s i d e r a b l e v a r i a t i o n i n 

t h e d e t a i l s o f t h e f a u n a l assemblages, even i n ponds o f 

s i m i l a r pH. Each pond environmnent i s c r e a t e d by a 

m u l t i p l i c i t y o f a b i o t i c and b i o t i c f a c t o r s o p e r a t i n g i n 

unique c o m b i n a t i o n s . I t i s not always l o g i c a l t o argue 

t h a t p h y s i c a l and chemical f a c t o r s e x p l a i n t h e 

d i s t r i b u t i o n o f a sp e c i e s , some i n v e s t i g a t i o n should be 

made i n t o s p e c i e s behaviour, p a r t i c u l a r l y egg l a y i n g , 

source o f c o l o n i s i n g species nearby, c o m p e t i t i o n and 

p r e d a t i o n . Favourable c o n d i t i o n s r e l y on a v a r i e t y o f 

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

w i t h i n c e r t a i n l i m i t s , and p r e c i s e values f o r these 

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

f a c t o r s . 

34 



The l a c k o f v a r i e t y and g e n e r a l s c a r c i t y o f macro-

i n v e r t e b r a t e s i n a c i d ponds c o u l d be due t o an 

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

a c i d r e l a t e d f a c t o r s , b u t i s p r o b a b l y due t o a s u i t e o f 

f a c t o r s , b o t h chemical and b i o t i c which are d i r e c t l y o r 

i n d i r e c t l y a consequence o f pH. The t o x i c e f f e c t s o f pH 

have been demonstrated e x p e r i m e n t a l l y f o r a number of 

f r e s h w a t e r i n v e r t e b r a t e groups (BELL 1971). 

When c o n s i d e r i n g t h e d i s t r i b u t i o n o f these i n v e r t e b r a t e s 

t h e i r method o f d i s p e r s i o n must be taken i n t o account, 

many o f t h e c o r i x i d a e and most water b e e t l e species when 

a d u l t can t a k e t o t h e wing and m i g r a t e , t h e r e f o r e , i f a 

spe c i e s i s absent from a pond i t can be assumed t h a t i t 

i s because c o n d i t i o n s are u n s u i t a b l e , not because i t has 

never reached i t . WALTON (1943) records Notonecta 

l a n d i n g on t h e s h i n y b l a c k t o p o f a car and on wet t a r , 

i t appears t h e n t h a t water t o an a i r b o r n e bug i s no more 

t h a n a s h i n y s u r f a c e . N e v e r t h e l e s s each species appears 

c o n f i n e d t o a r e l a t i v e l y w e l l d e f i n e d range o f 

c o n d i t i o n s . U n f o r t u n a t e l y l i t t l e i s known of t h e 

reasons why any g i v e n species occurs i n a h a b i t a t where 

c e r t a i n f e a t u r e s are t y p i c a l . U l t i m a t e l y then a p l a c e 

t o l i v e i s found by a process o f t r i a l and e r r o r . 

VIERSSEN and VERHOEVEN 1983, and BROERING and 

NIEDRINGHAUS 1988 found t h a t c o r i x i d species had h i g h 

t o l e r a n c e s o f d i f f e r e n t e n v i r o n m e n t a l c o n d i t i o n s and 
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t h a t communities changed o n l y s l o w l y when c o n d i t i o n s 

change. EYRE and BALL 1986, EYRE, ERASER and RUSHTON 

1988 and EYRE and FOSTER 1989 found t h a t a q u a t i c 

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

i d e n t i f i e d as a q u a t i c C o l e o p t e r a e x h i b i t e d more obvious 

d i f f e r e n c e s r e l a t i n g t o a c i d i t y than H e t e r o p t e r a , 

t h e r e f o r e p r o v i d i n g g r e a t e r p o s s i b i l i t i e s f o r use i n 

en v i r o n m e n t a l work on water a c i d i f i c a t i o n . 

The immediate s u r r o u n d i n g s o f ponds may i n f l u e n c e t h e 

chances o f ponds b e i n g d i s c o v e r e d by a c t i v e l y d i s p e r s i n g 

organisms, b u t s u r r o u n d i n g v e g e t a t i o n and la n d use are 

l i k e l y t o be o f g r e a t e r importance i n t h e i r e f f e c t on 

water c h e m i s t r y . MACAN (1954) suggests t h a t one of t h e 

f e a t u r e s t h a t might make a pond u n s u i t a b l e f o r 

c o l o n i s i n g s p e c i e s ( C o r i x i d a e ) i s t h e presence o f an 

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

4.3 RELATIONSHIPS BETWEEN MACRO-FLORA AND INVERTEBRATE 
FAUNA IN PONDS 

I n 1987 ORMEROD e t a l proposed t h r e e hypotheses 

c o n c e r n i n g t h e r e l a t i o n s h i p between p l a n t s and animals 

i n stream h a b i t a t s , these a l s o a p p l y t o the pond 

environment: 

1 I n v e r t e b r a t e s may be dependant on s p e c i f i c f l o r a l 

assemblages d i r e c t l y f o r food supply, or i n d i r e c t l y as 

t h e y p r o v i d e a s u r f a c e area f o r e p i p h y t i c growth and 

t r a p p i n g d e t r i t u s . 
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2 D i f f e r e n t p l a n t species p r o v i d e d i f f e r e n t m i c r o -

h a b i t a t s i n which i n v e r t e b r a t e s may a v o i d p r e d a t o r s , or 

l u r k unseen i n search o f prey. 

3 The r e l a t i o n s h i p between p l a n t s jad) animals may be 

i n f l u e n c e d i n d e p e n d e n t l y by o t h e r f a c t o r s such as 

c h e m i s t r y . 

I n g e n e r a l t h e d i s t r i b u t i o n o f p l a n t s between ponds 

agrees w i t h t h e c o n c l u s i o n s o f MACAN (1954). However 

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

n o t emerge so c l e a r l y . I t i s w o r t h n o t i n g t h a t most 

widespread s p e c i e s o f Hemiptera are those which are 

known t o f l y r e a d i l y : C a l l i c o r i x a p r a e u s t a , Notonecta 

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

4.4 PONDS IN COUNTY DURHAM 

County Durham s u p p o r t s a l a r g e number o f small water 

b o d i e s , r e s u l t i n g i n v a r i a b l e c o l o n i s a t i o n causing v e r y 

v a r i a b l e communities. Consequently most o f the ponds 

s u p p o r t u n s t a b l e p o p u l a t i o n s which w i l l obscure 

d i s t r i b u t i o n p a t t e r n s o f h i g h l y mobile macro-

i n v e r t e b r a t e s CRISP (1963) suggests t h i s reason f o r t h e 

obscure d i s t r i b u t i o n o f C o r i x i d a e he found. 

O v e r a l l t h e r e f o r e , w h i l s t p u b l i s h e d data i n d i c a t e s l i n k s 

between macro f l o r a l assemblages, i n v e r t e b r a t e s and pond 

a c i d i t y . pH measurements from d i f f e r e n t water bodies can 

m e a n i n g f u l l y be compared o n l y i f t h e y are a l l taken a t 

a p p r o x i m a t e l y t h e same t i m e and i n a comparable way. 
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s i n c e t h e pH o f a g i v e n water body may v a r y b o t h 

s p a t i a l l y and t e m p o r a l l y , and w i t h d i f f e r e n t methods of 

measurement. C o n c e n t r a t i o n s and r e l a t i v e abundance of 

d i s s o l v e d substances i n ponds w i l l a l s o v a r y more than 

i n most permanent water bodies due t o e v a p o r a t i o n . 

There i s a need f o r much f u r t h e r work a t t h e bioc h e m i c a l 

and p h y s i o l o g i c a l l e v e l s , and a l s o i n t o t h e mechanisms 

by which f a c t o r s such as t h e v e g e t a t i o n s t r u c t u r e 

i n f l u e n c e d i s t r i b u t i o n o f species i n the f i e l d , a l l o f 

which i t has n o t been p o s s i b l e t o cover i n t h i s study. 

4o5 CONSERVATION 

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

and animals i n B r i t a i n , t h e y a re a d i m i n i s h i n g resource 

and i t i s e s t i m a t e d 4 1 % o f County Durham ponds have been 

l o s t i n t h e l a s t 100-150 years (JEFFRIES and MILLS 

1989). The p r o t e c t i o n o r r e n n o v a t i o n o f e x i s t i n g ponds, 

and t h e c o n s t r u c t i o n o f new ponds, are b o t h b e l i e v e d t o 

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 t o t h e c o n s e r v a t i o n o f 

f r e s h w a t e r communities. 

R e c o g n i t i o n o f groups o f ponds f o l l o w i n g t h e development 

of a c l a s s i f i c a t i o n has two i m p o r t a n t consequences f o r 

t h e c o n s e r v a t i o n o f ponds: 

1 I t ensures a r e p r e s e n t a t i v e cross s e c t i o n of ponds i n 

any area can be s e l e c t e d f o r p r o t e c t i o n g r e a t l y 

i n c r e a s i n g t h e u n d e r s t a n d i n g o f f a c t o r s shaping pond 

communities. 
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2 D e s c r i p t i o n s o f t h e v a r i e t y o f ponds u s i n g 

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

d e v e l o p i n g a c o n s e r v a t i o n s t r a t e g y . I t p r o v i d e s a means 

of a s s e s s i n g wether or not a pond i s re a c h i n g i t s f u l l 

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

needed t o improve p r a c t i c a l management te c h n i q u e s . (POND 

ACTION 1989). 

4.6 PROPOSED C L A S S I F I C A T I O N OF PONDS SAMPLED IN 
PRESENT STUDY 

As an ove r v i e w o f t h e methods used i n t h i s study, t h e 

ponds have been p l a c e d i n d i f f e r e n t groups which are 

d e s c r i b e d below. W i t h i n each o f these groups ponds may 

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

a t t r i b u t e s . As w i t h a l l systems o f c l a s s i f i c a t i o n t h e r e 

are e x c e p t i o n s which do not f i t w e l l i n t o any o f them, 

eg: M a i t o n and Seaton Carew. 

GROUP 1 

BEARPARK 

Found as r e s i d u a l open water on mires , o r occupying 

former peat c u t t i n g s , t y p i c a l l y s h a l l o w w i t h peat 

s h o r e l i n e and bottom. The water i s a c i d and s t a i n e d 

brown by d i s s o l v e d humic a c i d , t h e r e i s ve r y low 

p r o d u c t i v i t y . Juncus bulbosus i s macrophytic i n d i c a t o r 

s p e c i e s ( a c c o r d i n g t o RATCLIFFE 1977, o t h e r 

c h a r a c t e r i s t i c species i n c l u d e : Menyanthes t r i f o l i a t a , 

Potamoqeton p o l y q o n i f o l i u s and Carex limosa. 
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Such p e a t y shored ponds might support an abundant 

c a r n i v o r o u s i n v e r t e b r a t e fauna as t h e sh a l l o w c o n d i t i o n s 

are i d e a l h u n t i n g grounds f o r t h e species t h a t r e l y f o r 

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

wate r , Bearpark , t h e o n l y pond i n t h i s study t o f a l l 

i n t o t h i s group was found o n l y t o support t h e Hemipteran 

s p e c i e s : G e r r i s l a c u s t r i s and S i q a r a s c o t t i . 

GROUP 2 

CASSOP, CRYSTALS, WINGATE FAR POND, WINGATE. 

L y i n g over magnesian Limestone, these ponds have v e r y 

c l e a r water, and pH over 7.5. They support an abundant 

macrophyte community t o a g r e a t depth. Sediment i s 

g e n e r a l l y low i n o r g a n i c m a t e r i a l so t h e r e i s l i t t l e 

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

i n v e r t e b r a t e communities are those a s s o c i a t e d w i t h t h e 

macrophytes and t h e l i t t o r a l zone. C h a r a c t e r i s t i c p l a n t 

s p e c i e s i n c l u d e E l e o c h a r i s p a l u s t r i s and Equisetum 

f l u v i a t i l e and m a c r o - i n v e r t e b r a t e species i n c l u d e S i q a r a 

d o r s a l i s , C a l l i c o r i x a p r a e u s t a , H a l i p l u s a p i c a l i s and 

H a l i p l u s l i n e o l a t u s . 

GROUP 3 

ROSA SHAFTO, RAISBY, PADDOCK PLANTATION, EAST FARM. 

These ponds are a r t i f i c i a l l y e n r i c h e d o r ^ p o l l u t e d . The 

water may be deep green w i t h algae, l i m i t i n g t h e depth 

t o w hich l i g h t p e n e t r a t e s . Most o f t h e c h a r a c t e r i s t i c 

and abundant p l a n t and animal species are widespread and 

f a i r l y common eg: Juncus e f f u s u s , G l y c e r i a f l u i t a n s , 

Potamoqeton natans and Ranunculus a q u a t i l i s . Notonecta 
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q l a u c a , S i g a r a s c o t t i , Hyqrotus i n a e q u a l i s and Hydrobus 

f u s c i p e s a re t y p i c a l fauna. These ponds are o f t e n 

unmanaged and cons e q u e n t l y have a pond margin c o l o n i s e d 

by scrub which may cause heavy shade and r e s u l t i n l e a f 

l i t t e r a c c u m u l a t i o n i n t h e water. 

GROUP 4 
BISHOP MIDDLEHAM, MILL HOUSE, CROXDALE HALL OXBOE, CARR 
HOUSE. 

F r e q u e n t l y s h a l l o w , these ponds are a n c i e n t and support 

emergent v e g e t a t i o n over a l a r g e area w i t h l i t t l e open 

water. They may sup p o r t a v a r i e d community o f p l a n t s 

and animals w i t h r a r e species p r e s e n t . P l a n t species 

o f t e n a s s o c i a t e d w i t h such ponds i n c l u d e : Potamoqeton 

praelonqus and Menyanthes t r i f o l i a t a . So many macro-

i n v e r t e b r a t e s p e c i e s may be found amongst t h e v e g e t a t i o n 

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

GROUP 5 

COOT, LANGLEY FUR FARM, NORTH BRASSIDE CLAYPIT, TYLERY, 
FRANKLAND. 

Formed by f l o o d i n g o f g r a v e l p i t s o r disused f a c t o r y 

ponds, these ponds are o f t e n deep, w i t h v e g e t a t i o n o f 

any k i n d occupying o n l y a sm a l l area around t h e 

p e r i m e t e r . C h a r a c t e r i s t i c p l a n t species i n c l u d e 

E l e o c h a r i s p a l u s t r i s and Mentha a q u a t i c a , common macro-

i n v e r t e b r a t e s a r e : S i q a r a d i s t i n c t a and Laccobius 

minutus. 
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4o7 CONCLUSION 

The methods used i n t h i s s t u d y a l l o w e d ponds t o be 

p l a c e d i n groups on t h e b a s i s o f t h e i r p l a n t and 

i n v e r t e b r a t e communities. Furthermore these groups o f 

ponds showed some s i m i l a r i t y and c o n s i s t e n c y i n t h e i r 

measured e n v i r o n m e n t a l v a r i a b l e s , i n d i c a t i n g t h a t chance 

alone was n o t t h e cause of t h e species assemblages 

found. 

A l t h o u g h t h i s s t u d y remains l a r g e l y d e s c r i p t i v e i t does 

p o i n t t o some ways i n which experiments c o u l d throw 

l i g h t on t h e mechanisms l e a d i n g t o t h e e s t a b l i s h m e n t o f 

p l a n t and animal communities i n f u t u r e . 
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NATIONAL POND SURVEY Field recording sheet (1) 
Site name 

Grid reference 

Nearest town or village 

County 

Surveyors. 

Date 

Altitude 

Geology 

1. Water source 

Rank the importance of the following 
water sources (? - where unsure): 

WATER SOURCE RANK 

2. Inflows and outflows 
Estimate the wklth, depth A flow category of inflows and 
outflows. Flow category: 1: trickle. 2: slow. 3: moderate. 
4: fast. 

Ground water/water table 
Spring 
Runoff & near surface water 
Stream 
Ditch 
Foodwater 
Direct precipitation 

Average 
width (m) 

Average 
depth (cm) 

INFLOW 

OUTFLOW 

Fbw 
Category 

3. Surrounding land-use 
Estimate the percentage of surrounding land-use within the 
three land-use zones and the catchment. 

Catchment LAND-USE 

Deciduous woodland 
Coniferous woodland 
Scrub 
Moor/lowland heath 
Bog 
Fen/Marsh 
Unimproved grassland 
Improved grassland 
Arable 
Parks & gardens 
Urban 
Paths & tracks 
Roads 
Other (please state) 

<5m 5-25m 25-100m 

4. Adjacent wetlands & waterbodles 

LAND U S E Z O N E S 

S T R E A M 
C A T C H M E N T 

(from map 
evidence) 

1/ 
Record the presence of waterbodies within 500m of the pond (including those mentioned in Box 2). Record whether 
the pond is connected to adjacent water bodies or wetlands (P - permanant connection. T - temporal connection 
(including ftooding). N - not connected). 

Wetlands Avalerbodies adjacent to the pond 
Waterbody/wetland <10m (Connedbns) 10-250m (Connections) 250-50Cm (Connections) 

Pond/lake 
Ditch/small stream 
Stream/river 
Fen/bog/marsh 
Other (specify) 



NATIONAL POND SURVEY Field recording sheet (2) 

5. Water quality 
pH 

AlkaJinrty 

Water clarity 
(tick one box) 

Water coteur 

Conductivity 

Calcium 

Very dear Clear Moderately dear 

Probable source of colour 

Turbid 

Note any pollution present (eg oil. large quantities of dumped rubbish) 

6. Overhanging trees and shrubs 

Categories 
0 • no shade . 
1 - 1 % - 2 0 % 
2 - 21%-40% 
3 - 41%-6b% 
-4 -61%-80% 

PropprtUin of margin overhung (scale of 0-5) 

Proportion of pond overhung (scale of 0-5) 

50% of margin overhung 
(Category 3). 
15% of pond overhung 
(Category 1). 

50% of margin overhung 
(Category 3). 
35% of pond overhung 
(Category 2). 

7. Plant cover 
Estimate the percentage co'^ir in the 
folbwing categories: 

1 - <20% 
2 - 21-40% 
3 - 41-60% ^ 
4 - 61-80% 
5 - 81-100% 

Emergent plants (scale of 1-5) 

Ftoating-leaved plants (scale of 1-5) 

Submerged plants (scale of 1-5) 

Emergent plants 
Category 2 
(30% surface cover) Fteating-leaved plants 

Category 2 
(30% surface cover) 

Submerged plants • 
Catego7 3 
(50% bottom cover) 



NATIONAL POND SURVEY Field recording sheet (3) 

8. Plant species list. Use the attached species list (Page 4). 

9. History and use of the pond 
How old is the pond (give an "at least x years' 
if exact dates unknown) 
What is the origin of the pond? ' 

Does the pond dry out annually? 
If so for how many months? 
When did the pond last dry out? 
How many times in the last 50yrs 
has the pond dried out? 

Who uses the pond and how frequently? 

When was the pond last dug out? 

10. Amphibians and fish 
Note the presence (and, where known, the 
abundance) of fish and amphibians. 

11. Sediment and water depths Transect A Transect B 

(longest dimension) (perpendicular to A ) 
1/4 1/2 3/4 1/4 3'4 

Water depth (cm) 

Silt & water (cm) P 
— ^ ^ I I I 1 _ 

POND BASE 
Tick the followring 

Clay 
Butyl synthetic 
Concrete 
Gravel/sand 
Bed rock (specify) 
Other (specify) 

SEDIMENT 
Rank the following where possible 

Whole leaves & twigs 
Decomposed leaves & twigs 
Organic debris < 5mm 
Org. & inorganic debris < 1 mm 
Organic & inorganic oose 
Others (specify) 

12. Micro-habitats sampled for macro-invertebrates 
1. 
2. 
3. 
4. 
5. 
6. 

7. 
8. 
9. 
10. 
11. 
12. 

Areas sampled for additional species 



N A T I O N A L P O N D S U R V E Y FIELD RECORDING SHEET(4) 

S U B M E R G E D . F L O A T I N G AND E M E R G E N T P L A N T S 

A o x v t c m i a r u i 
A j r o r a »K>ioni1»ra 

/Ui tmi lancaoudum 
A J « m s p l a m * o o - « 4 u s c a 
j ^ u m t n u n C £ u m 

A p i u m n o d m o o i m 

Aioi la liliculoidM 
&>k)»<U r a n u n c u b U M 

B u i e K T i « U f T t > W l l l U t 

CalHr icn* h a m u u i t 
C a i n r k M Iwmapniodt l ica 
C jJ I inctM o O u u n g u U 

Ca l i inc f t * K a g n t J i i 
C a J R r c h * I r u n u i a 
C s l l r i c t M I P . (undww-
mined) 
C i J i n j paXn in t 
C i n i v n n * tmtJM 
C t n i K U U 
C t / u a a n l o r r m 
C a m tint 

C a i v i nigra 
C a m paniculaia 
C a m i p w u d o c y p c n n 
C a / a i rpar ia 
C a r a i f o o r a u 
C a r a i v w i e a h a 
Ca:a£>rcu aaua i ica 
C^raisohyiluRi d«n«r>um 
C a i a m h y l k j n i *ubm»r>um 
Cic ina virosa 
Cladtum m a n s c u s 
C i a s t u l a h a l m s i 
Egsr ia d a n s a 
Elaiina hazandra 
Eleccftari* • d c u l a / i i 
E leochant paJuttni 
Elaognon ikmzm 
E l o o u c a n a d a n t i s 
Elodaa nunal i i 
Eduisetum tluviatils 
E a u i u i u m paAjttr* 
Efiopriorum a n g u r l o i u r n 
Gljrcaria d a d i n a i a 
Q y c a r i a t lu iuni 
Glyoana m a x r n a 
Glycaria plicaia 
Qircaria a. (fina laavad) 
Groaniandia d a r u a 
Hicpurii vulgari i 
Hdnonia p a k a i r i i 
Hydrochant fflortu>.ranaa 
H^focofy la vu lgaf« 
'na paaudaeonia 
B o s M i lacutvia 
laolepit M i a e a a 
J u n c u t b u b o a u s 
J u n o j s af luaui 
L a g v p a i p h o n major 
Lanrva g b b a 
L a m n a mrnuscula 
L a m n a minor 
L a m n a trauiea 
Lamna poiyftrBi 
L t l o r a l a uniflora 
Lobalia donmanna 
Ljrtnrum poaula 
Man lM a q u a j i a 
Manyamrwa t n t o i z a 
Mjroaoiii lax* 
ItrotCfM aeorpioidat 
Ujroaoiit l a c u n d a 
Ufotaon a a u B i e u m 
Mjdophjrlum alamtl lorum 
Mff iochi ' lum apicalum 

Mjrnoonrlum w n i b U l u m 
Nasiunium microphyllurn 
Naalunium oTfidnaJa 
N « h a r knaa 
N y T T c h a a a a£>a 
N ) m x > h o i O « « p e l z a 
Oanamna a a u a c a 
Oananiha l i t iulsaa 
Oanamna lluvieilit 
PhaU.-i( arundinacaa 
Pnragrrvia* aucra te 
Pilularia glotxitlara 
Pol i r jonum arrphbium 
Pol j f jonum hjrdnxwaf 
Poiamogaioo afcinui 
Poumogaion baremoWii 
P o u m o g a i o n c o k x s u t 
Po ianc i f aion ertsui 
Poiamogaton (ria&i 
Poumogston gia.Tinau< 
Potamogaion boans 
P o u m o g a i o n n a u n t 
Poumogaion coiuslloiiut 
Poiamogaion paainaiut 
Po tanvga ion potygonlolius 
Poiamogeion praalongm 
Poiamogaion puaillui 
Poia.Tio5aton uicficidei 
Poumogeion hy/vie{i) 
PotaniilU paluttnt 
Ranuncuiut aauai i la 
Ranunculus baudoiii 
Ranunar iu i circinaius 
Ranunculus tlammuta 
Ranunculus llurians 
Ranunculus hedaracaus 
Ranunculus omioonjrilus 
Ranunculus par^xius 
Ranunculus penicilatus 
Ranunculus s o i a i a i u s 
Ranunculus irichopnj'llus 
Ronpoa arrphibta 
R u m e i hyerolapainum 
Sagmaris sagnrtolia 
S c h o e n o p i e c u s laeusira 

a s s U c u n h s 
a i p u i M m a « T o n a n l 

Sparganium angustifoium 
Spargantum •marsum 
Sparganium a<*aum 
Sparganium m i n m j m 
Siraiioias aloidas 
Subula.'ia aauai ica 
Typha angustddia 
T)(pna latHola 
Utnculaha ausiiai i t 
Ulrieularia i m a m « d i a 
Utnculana vulgaris 
Varonica anagaj is-aduai ica 
Varonica BaccaPunga 
V a n n i c a c a i a n a u 
Vafonie i s c u i a l a u 
W o l l i a a m z a 
Zannicnallia paiustris 

X t > a « ; 

C h a m s p . 
N i a l U I P . 
Totrpeila sp . 
E n i a r m s i p t a sp 
F l a m a n e u s 
plankionic 

Fominalis amipjrraiica 
Riecia tkjiuns 
Ricaocafpus n c a n s 
Sphagnum s p . 

O T H E R W E T L A N D P L A N T S 

Aiopactnus ^eniculalus 
Ana$alls lanella 
Andromada polfolia 
Angalica aicttangatica 
Anga iea syttvairis 
fia.'Pa/Ba knarmadia 
fia/baraa s t h c u 
Ba/Par«a vuigahs 
BiOans oarnua 
Bidam tnpanta 
B ) ) r s " U corrpraasus 
Calamagroais c a n a u a n s 
Calamagrosus aptgaba 
C a n u n i n a p m a r s i s 
C a m c v a 
C a r a i d a r n s a a 
C a m i diandra 
C a r a i d i s i c n a 
C a r a i fUcca 
C a r a i hoatinana 
C a r a i lavv igau 
C a r a i laoidocarpa 
C a r a i l i n s a a 
C a r a i ctrubaa 
C a r a i panicaa 
C a r a t pandula 
C a r a i pulicaris 
C a m s p i c z a 
Cirsium d i u a c t u m 
Cirsium paluitra 
C o n u m maculalum 
Crapis paiudoaa 
Cjrperus iongulus 
O a o y i o m i i a lucftsi 
Daoytomiza Incamaia 
DaoyOrhlza ma^alis: 
0 . maiairs asp. p r M a r r m s a 
0 . majaJis s i p . purpuralla 
Oascnampaia o a a p i i o a a 
Droaara mundrlol ia 
Elaocnahs mutiicaulis 
Elaocnaris quinqus<tora 
Eleocnaris unigtumis 
Epiioeium aeanocaulon 
Epiicbium hirsuium 
Epilobium nanaroidas 
Epikibium cbacurum 
Eptlo6ium paJusira 
Epibbium parvrllorum 
Epiicbium lairagonum 
Epipaclis paiuslris 
Er ica larraln 
EriDonwum IcHolium 
Erioonomm vaginaium 
Eupaiorium cannaoinum 
Fi ipanduia u lmaha 
Franguta a l rua 
Gal ium bonaala 
Gaiium pa l j t l ra 
CaJium uliginoaum 
G a u m rivara 
Hypericum alodaa 
H]rparicum tairaptarum 
Impaiiam o o a n i i a 
I r rpa ians glandullfara 
Irrpaiians ^oi i^ang•ra 
I s o t e i s o s m u a 
Juncus acutitbrus 
Juncus aniculaius 
Juncus bu<onts 
Juncus eorrpraasus 
Juncus eoogbmara ius 
Juncus inllatus 
Juncus subnodubaus 
Achi laa p u r r r i c a 
Mnus gkjiirwsa 
Mooecurus aagual is 
Lotus uliginoaus 

LrcDpus auropaaus 
Lrs rnad i i a nurrmjlaria 
Lysimacttia wigaris 
Dnnrum u i c a r i a 
Urru ius gur j :us 
U i n v L a knaus 
U o l r i a caaruiaa 
Uomia lcnu . -a 
Mjrrca gala 
Ka. inaoum osiKragum 
Oanamria c r ^ c a u 
Oanamna lactxnai i 
O i n j n d a ragait 
P a n u s s a paJusiris 
Padicula.ns p a t j s u a 
Paiasnaa tijondus 
Pinguicula vulgaris 
PoTygonum tapathlofum 
Pofyjooum parsicaria 
Poiamila a raoa 
Pulicaria dyuraar ica 
Ranunculus ingua 
Rhyncnocpora aJba 
R o r c o a palusirit 
Ronppa syVes i rs 
R u m a i m&mmus 
Rumai paJusris 
Sagina p r c c u m » n s 
Sal i i sp. 
SOioanus nigrica.ns 
Tricaonorum c a s p i o s u m 
ScTspnularia aur icu laa 
Scuiallaria galariculaia -
Sanecia a c u s i c u s 
S e n a d o lluviaiilis 
Sium ls<olium 
Sotanum dulcamara 
Sia^nyi palusms 
Slailaria aJsina 
Siallaria palusmi 
Sympnyium ortidnaJa 
ThaJicrum fuvum 
Thalypiaris palusiris 
Tofeb ia pusi ia 
Triglocnin paiustris 
Unica dbica 
Valanana oioica 
Vbla paiustris 

mDDIT IONAL W E T L A N D P L A N T S P E C I E S ; 
(record rare or very local wetland species not listed above) 



APPENDIX 2 

LIST OF WETLAND PLANT SPECIES IDENTIFIED 

PLANT/POND MATRIX 

LIST OF MACRO-INVERTEBRATE SPECIES IDENTIFIED 

MACRO-INVERTEBRATE/POND MATRIX 



LIST OF WETLAND PLANT SPECIES IDENTIFIED 
In alphabetical order) 

A q r o s t i s s t o l o n i f e r a 
A l i s m a p l a n t a q o - a q u a t i c a 
Apium n o d i f l o r u m 
C a l l i t r i t c h e s t a q n a l i s 
C a l t h a p a l u s t r i s 
E l e o c h a r i s p a l u s t r i s 
Elodea canadensis 
Equisetum f l u v i a t i l e 
G l y c e r i a f l u i t a n s 
H i p p u r i s v u l g a r i s 
H y d r o c o t y l e v u l g a r i s 
I r i s psuedacorus 
Juncus bulbosus 
Juncus e f f u s u s 
Juncus q e r a r d i 
Juncus i n f l e x u s 
Lemna minor 
Mentha a q u a t i c a 
Menyanthes t r i f o l i a t a 
M y r i o p h y l l u m spicatum 
N a s t u r t i u m o f f i c i o n a l e 
Nymphae a l b a 
Phraqmites a u s t r a l i s 
Potamoqeton b e r c h t o l d i i 
Potamoqeton natans 
Potamoqeton p e c t i n a t u s 
P o t e n t i l l a p a l u s t r i s 
Ranunculus a q u a t i l i s 
Ranunculus flammula 
Ranunculas p e l t a t u s 
Ranunculus s c l e r a t u s 
Ranunculus t r i c h o p h y l l u s 
Sparaqanium erectum 
Typha l a t i f o l i a 
V e r o n i c a beccabunqa 

(Creeping Bent) 
(Water p l a n t a i n ) 
( F o o l s w a t e r c r e s s ) 
(Common water s t a r w o r t ) 
(Marsh m a r i g o l d ) 
(Common s p i k e rush) 
(Canadian waterweed) 
(Water horse t a i l ) 
( F l o a t i n g sweet grass) 
( M a r e s t a i l ) 
(Marsh pennywort) 
( Y e l l o w i r i s ) 
(Bulbous rush) 
( S o f t rush) 
( S a l t m a r s h rush) 
(Hard rush) 
(Common duckweed) 
(Water m i n t ) 
(Bogbean) 
(Spiked water m i l f o i l ) 
( Watercress) 
(White water l i l y ) 
(Common reed) 
( s m a l l pondweed) 
(Broad leaved pondweed) 
( f e n n e l pondweed) 
(Marsh c i n q u e f o i l ) 
(Common water c r o w f o o t ) 
(Lesser spearwort) 
(Pond water c r o w f o o t ) 
( C e l e r y leaved b u t t e r c u p ) 
(Thread leaved c r o w f o o t ) 
(Branched bur reed) 
(Great reedmace) 
(B r o o k l i m e ) 



PLANT/POND mmi 
PONDS A B C D E F G H I J K L M N O P Q R S T 

X X X 
X X X 
X X X X X X 

X X X X 
X X X X X X X 

X X X X X 
X X X X X X X 

X X 
X X X X X XX 

X X 
X X X X X X 

X 
X X X X X X X XX X 

X 
X 

X X X X X X X X X X 
X X X X X X 

X X X X X X X X 
X 

X 
X X X 

X X X X X X X X X X X 
X X X 

X X X X X X X X X X X 

PLANTS 
Alisma plantaqo-aquatica 
Apium nodiflorum 
C a l l i t r i t c h e s t a q n a l i s 
Caltha p a l u s t r i s 
Eleocharis p a l u s t r i s X 
Elodea canadensis 
Equisetum f l u v i a t i l e 
G l y c e r i a f l u i t a n s 
Hippuris v u l q a r i s 
Hydrocotyle v u l g a r i s X 
I r i s pauedacorus 
Juncus bulbosus X 
Juncus effusus X 
Juncus qer a r d i 
Juncus i n f l e x u s X 
Lemna minor X X 
Mentha aquatica X X 
Menyanthes t r i f o l i a t a 
Myriophyllum spicatum 
Nasturtium o f f i c i o n a l e 
Nymphae alba 
Phraqmites a u s t r a l i s 
Potamoqeton b e r c h t o l d i i X X 
Potamoqeton natans X 
Potamoqeton pectinatus 
P o t e n t i l l a p a l u s t r i s 
Ranunculus a q u a t i l i s X X 
Ranunculus flammula 
Ranunculas p e l t a t u s X 
Ranunculus s c l e r a t u s 
Ranunculus t r i c h o p h y l l u s 
Sparqanium erectum 
Typha l a t i f o l i a X 
Veronica beccabunqa X 

X 
X 

X X 
X 
X 

X 
X X X X X X X X X 

THE PONDS 
A BEARPARK 
B BISHOP MIDDLEHAM 
C CARR HOUSE 
D CASSOP 
E COOT 
F CROXDALE HALL OXBOE 
G CRYTALS POND 
H EAST FARM 
I FRANKLAND 
J LANGLEY FUR FARM 

K MALTON 
L MILLHOUSE 
M NORTH BRASSIDE 
N PADDOCK PLANTATION 
O RAISBY 
P ROSA SHAFTO 
Q SEATON CAREW 
R TYLERY 
S WINGATE 
T WINGATE FAR POND 



L I S T S OF MACRO—INVERTEBRATE 
S P E C I E S I D E N T I F I E D 
C I n alE>lnat)et X c a l o x r c i e j r > 

HEMIF»TERA (Water Bugs) 

C a l l i c o r i x a p r a e u s t a 
C o r i x a p u n c t a t a 
Cymatia b o n s d o r f f i 
H e s p e r a c o r i x a s a h l b e r q i 
G e r r i s l a c u s t r i s 
G e r r i s t h o r a c i c u s 
Notonecta q l a u c a 
S i q a r a d i s t i n c t a 
S i q a r a d o r s a l i s 
S i q a r a fossarum 
S i q a r a l a t e r a l i s 
S i q a r a n i q r o l i n e a t a 
S i q a r a s c o t t i 
S i q a r a s e l e c t a 

COLEOF»TERA (Water Beetles) 

H a l i p l u s a p i c a l i s 
H a l i p l u s c o n f i n i s 
H a l i p l u s f l u v i a t i l i s 
H a l i p l u s f u l v u s 
H a l i p l u s l i n e o l a t u s 
H a l i p l u s r i p a r i s 
H a l i p l u s r u f i c o l l i s 
Helophorus a e q u a l i s 
Helophorus q r a n d i s 
Helophorus m i n u t i s 
Hydrobius f u s c i p e s 
Hydroporus p a l u s t r i s 
Hyqrotus i n a e q u a l i s 
L a c c o p h i l u s minutus 
Laccobius b i p u n c t a t u s 
Noterus c l a v i c o r n i s 



ICRO-INVERTEBRATE/POl I T R I X 
HEMIPTERA 
C a l l i c o r i x a praeusta 
Cymatia b o n s d o r f f i 
Hesperacorixa sahlberqi 
Gerris l a c u s t r i s 
Gerris thoracicus 
Notonecta qlauca 
Siqara d i s t i n c t a 
Siqara d o r s a l i s 
Siqara fossarum 
Siqara l a t e r a l i s 
Siqara n i q r o l i n e a t a 
Siqara s c o t t i 
Siqara select a 

PONDS A B C D E F G H I J K L M N O P Q R S T 

X X X X X 

X X 
X 
X 

X 
X 

X X X 

X X 
X X 

XX XX 

X X X 

X 
X X X 

X 
X 

PONDS A B C D E F G H I J K L M N O P Q R S T 
COLEOPTERA 
Ha l i p l u s a p i c a l i s 
H a l i p l u s c o n f i n i s 
H a l i p l u s f l u v i a t i l i s 
H a l i p l u s f u l v u s 
H a l i p l u s l i n e o l a t u s 
H a l i p l u s r i p a r i s 
H a l i p l u s r u f i c o l l i s 
Helophorus minutus 
Hydrobius fuscipes 
Hydroporus p a l u s t r i s 
Hyqrotus inaequalis 
Laccophilus minutus 
Laccobius bipunctatus 
Noterus c l a v i c o r n i s 
Helophorus aequalis 
Helophorus qrandis 
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THE PONDS 
A BEARPARK 
B BISHOP MIDDLEHAM 
C CARR HOUSE 
D CASSOP 
E COOT 
F CROXDALE HALL OXBOE 
G CRYSTALS POND 
H EAST FARM 
I FRANKLAND 
J LANGLEY FUR FARM 

K MALTON 
L MILL HOUSE 
M NORTH BRASSIDE 
N PADDOCK PLANTATION 
0 RAISBY 
P ROSA SHAFTO 
Q SEATON CAREW 
R TYLERY 
S WINGATE 
T WINGATE FAR POND 
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TABLE 1 

U N PHYSICAL FUTURES OF THE PONDS 
+ + + + + + -r + + T r ^ 
I POND I 1 | 2 | 3 | 4 | 5 | 6 | 7 | 8 | 9 | 1 0 | 
f + -i- + + + -f. + + + + + 
I ALTITUDE 1100 | 75 |150 | 95 | 70 | 40 | 20 |155 | 85 | 45 | 

f + + + + + + + + + + + 
I GEOLOGY . I CM | ML | CM |ML | CM | CM | ML | CM | CM | CM | 

f + + + + + + + + + + + 
[INFLOW IN IN |N |Y |Y |Y |N |N |N |N | 
+ + + + + + + + + + _+ + 
I OUTFLOW |Y IN |N |Y |Y |Y |N |N |Y |N | 

+ + -I- + -1- -I- + -I- + + +: 

|W B <5M IN | N |N IN |N |N |N |N |N |N I! 
-I- + + + -I- + + + + + + + 

|W B 10-250M |N |N |N |N |Y |N |Y |N lY |Y I' 
f ; _ - _ - ^ - + - _ - _ — + + + + + + + — - r 

I CLARITY I 4 | 3 | 3 ] 3 | 3 | 2 | 3 | 4 | 3 | 2 | 
f + + + + + + + + + + + 
I RUBBISH I 1 | 2 | I j 2 | 1 | 1 | 4 | 4 | 2 | 1|; 
+ + + + + + + + + + + + 
IMICROHABITATI 1 | 3 | 5 | 7 | 2 | 6 | 3 | 3 | 5 | 5 | i 

+ + + + + + + + + + + + 
iAGE 1100 I 150 1150 | 100 | 30 1100 | 15 | 100 | 50 | 50 |i + + + + + + + + + + + + 
[LENGTH (m) I 40 I 40 I 35 I 80 I 20 |150 | 40 | 30 | 60 | 40 | 

•i- + + + + + + + + + + + 

IWIDTH (m) I 15 I 15 I 20 I 25 I 15 I 10 I 15 I 20 I 20 I 30 | 

jPOND I 11 I 12 I 13 I 14 I 15 I 16 I 17 I 18 I 19 I 20 |, 
4- + + + + + + + + + + 4 

I ALTITUDE I 80 |100 |100 |100 |125 | 85 | 10 | 60 |125 1125 | 
+ + + + + + + + + + + + 
I GEOLOGY I CM | CM j CM | CM | ML | CM | CM | CM | ML |ML | 
+ + + + + + + + + + + + 
I INFLOW |Y |N |Y |N |Y jN |N jY |Y |N | 
+ + + + + + + + + + + + 
I OUTFLOW IN IN |Y |N |N |N |N |N |N |Y | 
+ + + + + + + + + + + + 
|WB<5M IN | Y . | Y |N |N |N |N |Y |Y |Y | 
+ + + + + + + + + + + + 
|W B 10-250M IN |Y |Y |Y |N |N |Y |Y |N |N | 
+ + + + + + + + + + + + 
I CLARITY I 3 | 4 | 3 | 1 | 3 | 4 1 3 | 3 | 2 | 2 | 

f + + + + + + + + + + + 
I RUBBISH I 1 | 3 | 2 | 2 | 3 | 4 | 2 | 3 | 2 | 2 | 
+ + + + + + + + + + + + 
IMICROHABITATI 5 | 2 | 2 \ 2 \ 2 \ 2 \ 4 | 3 | 4 | 3 | 
+ + + + + + + + + + + + 
I AGE I 10 I 150 I 50 I 100 | 50 | 90 | 30 | 50 | 20 | 20 | 
+ + + + + + + + + + + -f 
I LENGTH (m) I 25 I 30 I 35 I 25 I 50 i 20 I 15 I 25 I 25 I 30 I 

+ + + + + + + + + + + -i-
IWIDTH (m) I 10 I 15 I 20 I 10 I 30 I 20 I 15 I 10 I 12 I 20 I 

^ X ^ + .+ ̂ ^ _ _ ^ _ _ _ 4 ; + + + + -i-

GEOLOGY: ML=Magnesian L i m e s t o n e , CM=Coal M e a s u r e s , Y ^ Y e s , N:No 
WATER CLARITY: v. c l e a r ( l ) , c l e a r ( 2 ) , m o d e r a t e l y c l e a r ( 3 ) , t u r b i d ( 4 ) 
HOBBISH: Done(l), s m a l l ammount(2), m u c h ( 3 ) , v . m u c h ( 4 ) . WB^Waterbody 
AGE 100= At l e a s t 100 y e a r s o l d . S I Z E : maxlmuni l e n g t h , and a v e r a g e w i d t h . 
MICROHABITAT: number o f m i c r o h a b i t a t s p r e s e n t i n t h e pond. 



TABLE 2 

I T E R SOURCE 
+ + + + + + + + + + + -r 
IPOND | 1 | 2 | 3 | 4 | 5 | 6 | 7 | 8 | 9 | 1 0 | 
+ + + + + + + + + + + + 
I GROUND WATER | 1 | ? | 1 | 2 1 | | 
+ + + + + + + + + + + + 
I RUNOFF | 3 | 1 | I | 2 | | 1 | 1 | 2 | .| 
+ + + + + + + + + + + + 
[STREAM I I I I 1 I 1 I 1 I I I I I 

+ + + + + + + + + + + Jr 

IFLOODWATER | 2 | 2 | 2 | | | | | | | | 
+ + + + + + + + + + + + 
I DIRECT PRECIPITATION | | 3 | | | | | | 2 | 3 | | 
+ + + + + + + + + + + + 

+ + + + + + + + + + + + 
I POND 111 I 12 I 13 I 14 I 15 I 16 |17 |18 |19 |20 | 
+ + + + + + + + + + + + 
(GROUND WATER | ( 1 ( 1 | 1 ( 2 | 2 | 1 | 1 | 1 | 1 | ; 
+ + + + + + + + + + + + 
I RUNOFF I I I I I | 1 | I | ? | ? l 

+ + + + + + + + + + + + 
I STREAM 1 1 1 i I 1 1 1 1 I I I I 

+ + + + + + + + + + + + 
I DIRECT PRECIPITATION j 2 | | | | j | 2 | 2 | 2 | 2 | 
+ + + + + + + + + + + 4 

Rank 1-4 by i i s p o r t a n c e ( ? where u n s u r e ) 



TABLE 3 

PERCENTAGE L A I USE 
4. + — + — + — + — + — + — + — + — ^ — ^ — + 
I POND | 1 | 2 | 3 | 4 | 5 | 6 | 7 | 8 | 9 | 1 0 | 
+ + + + + + + + + + + + 
I WOODLAND <5M | |20 | |10 |90 | | |50 |10 |50 | 
+ + + + + + + + + + + + 
I SCRUB <5M I I I 10 I 10 I I 180 I |30 |50 |, 
+ + + + + + + + + + + + 
I MOOR/BOG <5M 190 | |80 |70 ] | | | | | | 
+ + + + + + + + + + + + 
jGRASSLAND <5M (10 |80 (10 | | | |20 |30 150 ( |, 
+ + + + + + + + + + + +. 
IMANMADE <5M | | | |10 |10 | | |20 |10 | 1 
+ + + + + + + + + + + +. 
I WOODLAND 5-lOOM | |10 | |15 |60 | | |50 |30 135 [ 
+ + + + + + + + + + + +. 
(SCRUB 5-lOOM (15 I (15 (10 ( ( (25 ( (40 (30 (| 

+ 4. 4- 4- J - J - - + + + + (MOOR/BOG 5-100 |50 | |10 (60 | | | 
+ + + + + + + + + + + H 
(GRASSLAND 5-lOOM (20 (80 (75 ( ( ( (10 (30 (20 ( ( 
+ + + + + + + + + + + 4 
[ARABLE 5-lOOM ( 5 ( ( (10 ( ( ( 65 ( ( (20 ( 
+ + + + + + + + + + + 4 
(MANMADE 5-lOOM ( (10 ( ( 5 (40 ( .( [20 (10 ( 5 ( 

+ + 4. 4- X -1- -L , 

+ + + + + + + + + + + + 
I POND (11 112 I 13 (14 (15 I 16 (17 | 18 (19 (20 (i 
+ +___+___+ + +___+___+ + + 
(WOODLAND <5M [ | | | ( (70 [ 90 (20 [ 5 (10 (j 

+ + + + + + + + + + + 4. 

[SCRUB <5M (90 (90 ( ( ( ( | (80 [35 (60 C 
+ + + + + + + + + + + + 
[MOOR/BOG <5M | ( ( 10 ( [80 | | 10 [ ( ( (, 
+ + + + + + + + + + + + 
(GRASSLAND <5M (10 [10 (80 (90 (20 ( |90 (60 [30 ( ( 
+ + + + 4. + + + + + + + 
1MANMADE <5M [ I I I 10 | | | ( ( ( [ 
+ + + 4- 4- 4- 4- 4- 4- 4- 4- 4-
(WOODLAND 5-lOOM |20 | | j10 | | j |20 | 5 | 10 | 
+ + + + + + + + + + + + 
(SCRUB 5-lOOM (60 [50 [ ( [15 (,10 (35 (15 (50 (75 ( 
+ + + + + + 4. + + + + + 
[MOOR/BOG 5-lOOM | ( (10 [ |50 ( [ ( ( ( ( 
+ + + + + + + + + + + + 
(GRASSLAND 5-lOOM [20 ( |60 (75 (15 ( [35 ( 5 [15 | ( 
+ + 4. + + + + + + 4. + 4-
[ARABLE 5-lOOM | (50 ( ( ( (15 ( (30 (30 (15 ( 
+ 4. 4- 4. 4. 4. 4. 4. 4. 4. 4. + 
[MANMADE 5-lOOM [ ( (30 (15 [20 | 5 (30 [30 ( ( ( 
4. + — 4 - 4 — - 4 — - + — + — + — + — + — + - - - 4 -

MANHADE^ Roads, P a t h s , T r a c k s , B u i l d i n g s . 



TABLE 4 

OVERHANGING TREES/SHRUBS AND PLANT COVER 
^ + — + — + — + — + — + — + — + — + — + — + 
I POND | 1 . | 2 | 3 | 4 | 5 | 6 | 7 | 8 | 9 | 1 0 | 
+ + + + + + + + + + + + 
{MARGIN OVERHUNG | 0 ( l i l | l | 5 ( 2 | 2 | 2 | l | l | 
+ + + + + + + + + + + + 
I POND OVERHUNG | O i l | l | l | l | l | l | l | l | l | 
+ + + + + + + + + + + + 
[EMERGENT | 2 | 5 | 2 | 2 | 1 | 3 | 1 | 4 | 2 | 2 | 
+ + + + + + + + + + + + 
[FLOATING LEAVED | 1 | 2 | 3 | 1 | 1 | 1 | 1 | 1 | 2 | 1 | 
+ + + + + + + + + + + + 
[SUBMERGED [ 1 | 1 [ 5 | 2 | 1 ( 1 [ 1 [ 1 | 1 | 1 [ 
+ + + + + + + + + + + + 
+ + + + + + + + + + + +. 
[POND 111 [12 I 13 [14 I 15 [16 [17 [18 |19 [20 [ 
+ + + + + + + + + + + + 
[MARGIN OVERHUNG | 0 [ 3 [ 1 [ 0 ( 0 | 2 [ 0 | 1 | 0 | 1 [ 
+ + + + + + + + + + + + 
[POND OVERHUNG | 0 | 1 [ 1 [ 0 | 0 [ 1 | 0 | 1 [ 0 [ 1 [ 
+ + + + + + + + + + + + 
[EMERGENT | 3 | 5 | l | 3 i l | 2 [ l | 2 | 4 | 2 | ; 

+ + + + + + + + + + +—'•-+ 
[FLOATING LEAVED | 2 | 1 | 1 | 1 [ 3 | 2 [ 2 | 1 | 1 [ 2 | 
+ + + + + + + + + + + + 

1--1-20I, 2=21-401, 3=41-601, 4=61-801, 5=81-1001 



TABLE 5 

POND BASE AND SEDIMENT CONTITS 
+ + — + — + — + — + — + — + — + — + — + — + 
[POND [ 1 | 2 [ 3 [ 4 | 5 [ 6 [ 7 [ 8 [ 9 | 1 0 [ 
+ + + + + + + + + + + + 
[POND BASE I 
•i- + -t- + + -I- + + -i- + -I- -1-
I CLAY/MUD I I I I | Y ( Y [ | Y | | Y | 
•I- + -I- -i- + -I- + + -I- -I- :+ + 
I BUTYL I I I I I [ I I I I I 

Jr + + + + + + + + + + + 

[GRAVEL/SAND | [ Y | Y | Y | [ [ Y [ | Y | |, 
+ + + + + + + — + -i- -I- + -1-1 
IPEAT [Y I I I I I I I I I 1 
+ + + + + + + + + + + + 
(SEDIMENT CONTENT [ 
4- + + + +; + + + + + + +• 
(WHOLE LEAVES -I- TWIGS | [ ( ( [ 2 | 2 | ( [ [ 3 [j 
+ + + + + + + + + + + +• 
[DEC LEAVES AND TWIGS( | ( [ 3 [ 3 | | ( 2 [ 2 ( 2 [ 
4 + + + + + + + + + + + 
(DEBRIS <5inin ( [ [ [ 1 | [ | 1 ( ( 1 [ [ 
+ -I- + + + -I- + -1- + -I- -I- -I-
(DEBRIS <linm I I 2 I | 2 | | | [ [ [ [ 
+ + + + + + + + + + + +. 
[ORG + INORG OOZE [ 1 ( 1 ( 1 ( ( 1 | 1 ( 2 [ 1 [ 3 ( 1 ( ; 
+ + + + + + + — + + + -I- + 

+ + + + + + + + + + + + 
(POND 111 [12 [13 (14 [15 [16 [17 | 18 [19 [20 [: 
4- + 4. 4. 4- 4. 4. 4. + 4. 4 +. 
(POND BASE [ 
+ 4. 4. 4. 4. 4. 4. 4. 4- + + +. 
(CLAY/MUD I ( (Y (Y I (Y [ [ [ | I ' 
+ 4- 4- -I- 4- 4- 4- 4- 4- -i- 4- -I--
IBUTYL lY I I I I I 1 I I I I 
+ + + 4. 4. 4. 4. 4. 4. + + 4. 
[GRAVEL/SAND ( ( Y [ [ [ Y [ [ Y [ Y [ Y [ Y ( 
+ 4- -t- - i - -I- -I- -1- + 4- 4- -i-
I PEAT I I [ ( I [ I ( I I I 
4 + 4. 4. 4. 4. 4. 4. 4. + 4. 4-
I SEDIMENT CONTENT I 
+ + 4. 4. 4. 4. 4. 4. 4. + + 4-
(WHOLE LEAVES + TWIGS[ ( [ 1 [ [ [ 2 | ( ( 3 [ 3 [ 
4 4. 4. 4. 4- 4- 4- + 4- + 4- + 
(DEC LEAVES -I- TWIGS ( 3 [ ( ( | | 3 ( 4 [ 2 | [ I + + + + 4. + + + + + + + 
(ORGANIC DEBRIS <5lim | 2 ( | | 3 i | i 3 [ | 1 | 1 | 
+ 4. 4. + 4- 4- 4- + 4- -I- -1- + 
[DEBRIS < l i r a n [ | [ [ 2 ( [ ( 2 [ 1 [ 2 [ 2 [ 
+ +___+___+___4. 4.___+___+___+___+_—+—+ 
(ORG + INORG OOZE [ 1 ( 1 ( 2 ( 1 [ 1 [ 1 | 1 [ 3 | ( I 
+ + + + + + + + + + + 4-
Y=Yes, SEDIMENT CONTENT: Ranked a c c o r d i n g t o amount p r e s e n t . DEBRIS: O r g a n i c and I n o r g a n i c d e b r i s 



TABLE 6 

BASIC WATER CHEMISTRY 
4. 4. 4. 4. 4. 4- 4. 4. 4. 
[POND [ 1 [ 2 [ 3 [ 4 [ 5 ( 6 ( 7 [ 
4. 4. + 4. 4. 4. 4. 4. 4. 
(pH (5.54 [7.35 ( 7.5 [7.21 [6.93 | 6.9 [8.23 | 
4- 4- 4- 4- 4- 4- 4- 4- 4-
[CONDUCTIVITY ms [ 453 ( 952 ( 738 [ 773 [ 446 [ 688 (1609 [ 
4. 4. 4. 4. 4. 4. 4. 4. 4. 

4. 4. 4. 4. 4. 4. 4. 4. 4. 
[POND ( 8 [ 9 ( 10 I 11 ( 12 ( 13 ( 14 I 
4- 4- 4- 4- 4- 4- 4- 4- 4-
ipH (6.93 [6.97 [6.94 (7.28 (7.34 (6.83 [6.81 [ 
4. 4. 4. 4. 4. 4. + 4. 4. 
(CONDUCTIVITY ms [ 768 | 811 [ 769 [ 298 [ 874 [ 394 ( 504 [ 
4. 4. 4. + 4. 4. 4. 4. 4. 
4. 4. 4. 4. 4. 4. 4. 4. 
(POND ( 15 [ 16 ( 17 I 18 I 19 I 20 [' 
4. 4. 4. 4. 4- 4. 4. 4. 
[pH [7.84 (5.93 [8.66 (7.23 (8.49 [7.99 (' 4. 4. 4. 4. 4- 4. 4. 4. 
I CONDUCTIVITY ms | 926 ( 488 [1784 ( 881 (1960 (1930 ( 
4. 4. 4. 4. 4. 4. 4. 4. 

nis = m i c r o s i e m e n s 



APPIDIX 4 
MAPS, S I T E DESCRIPTIONS AND SPECIES L I S T S FOR THE PONDS, 

(no maps f o r Seato n Carew and The Wingate ponds) 
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BMPARK 
T h i s pond i s s i t u a t e d i n one of t h e l a s t r emaining 
l o w l a n d m i r e s y s t e m s i n County Durham, the pe a t y a r e a 
d i r e c t l y a d j a c e n t has been bu r n t i n t he p a s t and i s now 
h e a v i l y g r a z e d . 
Attempts have been made r e c e n t l y t o d r a i n t h e pond but 
have so f a r been u n s u c c e s s f u l . 

PLANTS HEMIPTERA 

Junc u s b u l b o s u s G e r r i s l a c u s t r i s 
H y d r o c o t y l e v u l g a r i s S i g a r a s c o t t i 
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BISHOP MIDDLEHl 
T h i s a n c i e n t 
L i m e s t o n e l i e s 
I t i s s h a l l o w , 
ponds. 

farm pond s i t u a t e d on t h e Magnesian 
i n h e a v i l y g r a z e d p a s t u r e . 
and i n d r y c o n d i t i o n s forms two s e p e r a t e 

PLANTS HEMIPTERA 

Junc u s i n f l e x u s 
Lemna spp 
Mentha a q u a t i c a 
Potamoqeton b e r c h t o l d i i 
R a n u n c ulus a q u a t i l i s 
Typha l a t i f o l i a 
V e r o n i c a beccabunqa 

C a l l i c o r i x a p r a e u s t a 
S i q a r a d o r s a l i s 

COLEOPTERA 

H a l i p l u s f l u v i a t i l i s 
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CARR HOUSE 
T h i s o l d 
Magnesian 
s c r u b , t h e 

farm pond i s s i t u a t e d on t h e edge of the 
Limestone, b o r d e r e d t o one s i d e by broom and 
a r e a i s h e a v i l y g r a z e d by sheep. 

PLANTS HEMIPTERA 

E l e o c h a r i s p a l u s t r i s 
J u n c u s e f f u s u s 
Lemna spp 
Mentha a q u a t i c a 
Potamoqeton b e r c h t o l d i i 
Potamoqeton n a t a n s 
R a n u n c u l u s p e l t a t u s 
R a n u n culus a q u a t i l i s 

C a l l i c o r i x a p r a e u s t a 
S i q a r a d o r s a l i s 

COLEOPTERA 

H a l i p l u s f l u v i a t i l i s 
Hyqrotus i n a e q u a l i s 
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NZ 343385 
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CASSOP 
T h i s l a r g e a t t r a c t i v e pond i s a d e s i g n a t e d S S S I , l y i n g on 
t h e Magnesian Limestone, i t i s used by l o c a l f i s h e r m e n 
and t h e r e a r e many w e l l worn p a t h s around i t . 

PLANTS HEMIPTERA 

Apium n o d i f l o r u m 
C a l l i t r i t c h e s t a q n a l i s 
E l o d e a c a n a d e n s i s 
E g u i s e t u m f l u v i a t i l e 
H i p p u r i s v u l g a r i s 
I r i s p s u e d a c o r u s 
J u n c u s e f f u s u s 
Menyanthes t r i f o l i a t a 
P h r a g m i t e s a u s t r a l i s 
Potamogeton n a t a n s 

C a l l i c o r i x a p r a e u s t a 
S i g a r a l a t e r a l i s 

COLEOPTERA 

H a l i p l u s f l u v i a t i l i s 
H a l i p l u s r i p a r i s 
H ydrobius f u s c i p e s 
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COOT POND 
P r e v i o u s l y a g r a v e l p i t , t h i s pond i s now one of t h r e e 
a t Durham W i l d l i f e T r u s t H e a d q u a r t e r s . ( W i t t o n l e Wear) 

PLANTS HEMIPTERA 

E l o d e a c a n a d e n s i s 
H i p p u r i s v u l g a r i s 
Lemna spp 
Potamoqeton n a t a n s 

C a l l i c o r i x a p r a e u s t a 
H e s p e r a c o r i x a s a h l b e r q i 
S i q a r a n i q r o l i n e a t a 
S i q a r a s c o t t i 

COLEOPTERA 

L a c c o b i u s b i p u n c t a t u s 
Noterus c l a v i c o r n i s 
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CROXDALE ILL OXBOE 
This large, very a t t r a c t i v e oxboe of the Wear i s a SSSI, 
bordered t o one side by arable land, c a t t l e graze along 
one edge. 

PLANTS HEMIPTERA 
Eleocharis p a l u s t r i s 
Equisetum f l u v i a t i l e 
I r i s psuedacorus 
Juncus effusus 
Lemna minor 
Mentha aguatica 
Menyanthes t r i f o l i a t a 
Nasturtium o f f i c i o n a l e 
Nymphae alba 
Phragmites a u s t r a l i s 
Potamogeton natans 
Typha l a t i f o l i a 

C a l l i c o r i x a praeusta 
Sigara fossarum 
Sigara l a t e r a l i s 
Notonecta glauca 

COLEOPTERA 
Hal i p l u s l i n e o l a t u s 
H a l i p l u s fulvus 
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CRYSTALS POND 
This pond was created when farm rubbish was dumped i n 
one of the wet g u l l i e s c h a r a c t e r i s t i c of t h i s area, i t 
l i e s at the top of the c l i f f s on Magnesian Limestone and 
i s flanked t o the West by gorse and broom scrub. 

PLANTS HEMIPTERA 
Apium nodiflorum 
C a l l i t r i t c h e s t a q n a l i s 
Elodea canadensis 
Hydrocotyle v u l g a r i s 
Juncus effusus 
Menyanthes t r i f o l i a t a 
Potamoqeton natans 
Veronica beccabunga 

Sigara d o r s a l i s 
COLEOPTERA 
Hydrobius fuscipes 
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M FARM 
This farm pond i s bordered t o the south by Sacriston 
wood, i t contains a l o t of rubbish, but supports a 
v a r i e d f l o r a and fauna. 

PLANTS 
Juncus effusus 
Lemna minor 
Menyanthes t r i f o l i a t a 
Phragmites a u s t r a l i s 
Sparganium erectum 
Typha l a t i f o l i a 

HEMIPTERA 
Sigara d i s t i n c t a 
Siqara fossarum 

COLEOPTERA 
Hal i p l u s 
Hygrotus 

l i n e o l a t u s 
inaequalis 
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FRANKLAND 
This o l d , large flooded brickworks pond l i e s very close 
t o Durham C i t y near t o the railway, access i s d i f f i c u l t 
i n places. 

PLANTS HEMIPTERA 
Alisma plantago-aguatica 
C a l l i t r i t c h e s t a g n a l i s 
Caltha p a l u s t r i s 
Eleocharis p a l u s t r i s 
Elodea canadensis 
Eguisetum f l u v i a t i l e 
G lyceria f l u i t a n s 
I r i s psuedacorus 
Juncus effusus 
Myriophyllum spicatum 
Nymphae alba 
Phragmites a u s t r a l i s 
Potamogeton natans 
Potamogeton pectinatus 
Ranunculus t r i c h o p h y l l u s 
Typha l a t i f o l i a 
Veronica beccabunga 

C a l l i c o r i x a praeusta 
Hesperacorixa sahlbergi 

COLEOPTERA 
Hal i p l u s c o n f i n i s 
H a l i p l u s l i n e o l a t u s 
H a l i p l u s f l u v i a t i l e s 
Laccobius bipunctatus 
Noterus c l a v i c o r n i s 
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mm FUR FARM 
This pond i s surrounded by rough grassland, gorse, broom 
and bramble plus a v a r i e t y of t r e e species (making 
access d i f f i c u l t at time s ) . I t l i e s i n a deep hollow 
(p o s s i b l y a bomb c r a t e r ) close t o the r i v e r Deerness and 
w i t h i n the s i t e of an o l d mink farm. 

PLANTS HEMIPTERA 
Alisma plantaqo-aguatica 
Eleocharis p a l u s t r i s 
Eguisetum f l u v i a t i l e 
I r i s psuedacorus 
Mentha aguatica 
Phragmites a u s t r a l i s 
Potamogeton b e r c h t o l d i i 
Potamogeton natans 
Ranunculus t r i c h o p h y l l u s 
Typha l a t i f o l i a 

C a l l i c o r i x a praeusta 
Notonecta glauca 
Sigara fossarum 

COLEOPTERA 
Hal i p l u s 
H a l i p l u s 

c o n f i n i s 
r u f i c o l l i s 

Hydroporus p a l u s t r i s 
Hygrotus inaegualis 
Laccobius bipunctatus 
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I L T O N 
This pond was created i n 1985 when a nearby pond was 
reclaimed f o r a g r i c u l t u r e . Bottom mud and animals 
( i n c l u d i n g three newt species) were introduced from the 
o l d pond i n t o the Im deep, b u t y l l i n e d pond tha t now 
forms an a t t r a c t i v e p a r t of Maiton Nature Reserve. 

PLANTS HEMIPTERA 
Eleocharis p a l u s t r i s 
Eguisetum f l u v i a t i l e 
G l yceria f l u i t a n s 
I r i s pseudacorus 
Juncus effusus 
Lemna spp 
Phragmites a u s t r a l i s 
Potamogeton natans 
Ranunculus a g u a t i l i s 
Ranunculus flammula 
Typha l a t i f o l i a 

C a l l i c o r i x a praeusta 
Hesperacorixa sahlbergi 
Notonecta glauca 

COLEOPTERA 
Hali p l u s c o n f i n i s 
H a l i p l u s r i p a r i a 
Helophorus minutus 
Laccobius bipunctatus 
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MILL HOUSE 
This o l d pond l i e s i n arable land w i t h some gorse and 
bramble scrub immediately surrounding i t . Drying up 
r a p i d l y i t i s i n need of some a t t e n t i o n i f i t i s t o 
survive, another small pond l i e s j u s t t o the north of i t 
i n a s i m i l a r s t a t e . 

PLANTS 
Lemna minor 
Mentha aguatica 
Potamogeton b e r c h t o l d i i 
Potamogeton natans 
Ranunculus a g u a t i l i s 
Sparganium erectum 
Typha l a t i f o l i a 

HEMIPTERA 
Hesperacorixa sahlbergi 

COLEOPTERA 
Hal i p l u s fulvus 
Hydrobius fuscipes 
Hygrotus inaegualis 
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NORTH BRASSIDE CLAYPIT 
This former c l a y p i t i s now a steeply sided pond close t o 
much a l a r g e r pond which i s exte n s i v e l y f i s h e d . There i s 
an i n f l o w from the l a r g e r pond, also a former c l a y p i t . 

PLANTS HEMIPTERA 
Eleocharis p a l u s t r i s 
Eguisetum f l u v i a t i l e 
Hippuris v u l g a r i s 
Juncus effusus 
Lemna spp 
Nymphae alba 
Potamogeton natans 
Typha l a t i f o l i a 

Sigara n i g r o l i n e a t a 
Notonecta glauca 

COLEOPTERA 
Hali p l u s l i n e o l a t u s 
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PADDOCK PlSmi O N 
This small farm pond l i e s i n pasture close t o an area of 
wetland i n the nearby woods. 

PLANTS HEMIPTERA 
Caltha p a l u s t r i s 
Eleocharis p a l u s t r i s 
Elodea canadensis 
Hippuris v u l g a r i s 
Hydrocotyle v u l g a r i s 
Juncus bulbosus 
Lemna minor 
Mentha aguatica 
Menyanthes t r i f o l i a t a 
Typha l a t i f o l i a 

Hesperacorixa sahlbergi 
Sigara s c o t t i 
Notonecta glauca 

COLEOPTERA 
Hali p l u s fulvus 
Laccophilus minutus 
Noterus c l a v i c o r n i s 
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RAISBY 
This pond l i e s i n a very marshy area on the Magnesian 
Limestone close t o Raisby quarry Nature Reserve, the 
surrounding area i s grazed by c a t t l e . 

PLANTS HEMIPTERA 
Juncus i n f l e x u s 
Lemna minor 
Menyanthes t r i f o l i a t a 
Phraqmites a u s t r a l i s 
Potamoqeton b e r c h t o d i i 
Sparqanium erectum 
Typha l a t i f o l i a 

Cymatia b o n s d o r f f i 
Gerris l a c u s t r i s 
Siqara fossarum 
Siqara l a t e r a l i s 

COLEOPTERA 
Haliplu s fulvus 
H a l i p l u s l i n e o l a t u s 
Hyqrotus inaequalis 
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ROSA SHAFTO 
S i t u a t e i n Rosa Shafto Nature Reserve amongst deciduous 
woodland, t h i s pond has been subject t o some management, 
having been dug out by volunteers on various occasions. 
I t l i e s close t o a w e l l used footpath. 

PLANTS HEMIPTERA 
Alisma plantago-aguatica 
Juncus effusus 
Lemna minor 
Menyanthes t r i f o l i a t a 
Phragmites a u s t r a l i s 
Sparganium erectum 

Cymatia b o n s d o r f f i 
Sigara s c o t t i 

COLEOPTERA 
Hali p l u s f u l v u s 
Hygrotis inaegualis 
Laccophilus minutus 



SEXTON m m 
This unusual but a t t r a c t i v e pond i s s i t u a t e d behind 
manmade dunes i n damp grassland close t o a g o l f course. 
I t remains r e l a t i v e l y undisturbed though, and supports 
an i n t e r e s t i n g f l o r a and fauna. 
I t appears t o be the most permanent body of water i n 
t h i s area of wetland patches and semi-permanent ponds. 

PLANTS HEMIPTERA 
Apium nodiflorum 
Hippuris v u l g a r i s 
Juncus effusus 
Juncus ge r a r d i 
Lemna minor 
Potamogeton natans 
P o t e n t i l l a p a l u s t r i s 
Ranunculus s c l e r a t u s 

C a l l i c o r i x a praeusta 
Gerris thoracicus 
Notonecta glauca 
Sigara selecta 

COLEOPTERA 
Hydrobius fuscipes 
Ha l i p l u s a p i c a l i s 
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TYLERY 
This flooded c l a y p i t i s s i t u a t e d near arable 
s h e l t e r e d area close t o a much la r g e r pond. 

land i n a 

PLANTS HEMIPTERA 
C a l l i t r i t c h e s t a g n a l i s 
Eleocharis p a l u s t r i s 
Eguisetum f l u v i a t i l e 
I r i s pseudacorus 
Nymphae alba 
Potamogeton natans 
Phragmites a u s t r a l i s 
Typha l a t i f o l i a 

Sigara l a t e r a l i s 
Notonecta glauca 

COLEOPTERA 
Hali p l u s a p i c a l i s 



WINGATE 
This pond i s w i t h i n an o l d Magnesian Limestone quarry 
surrounded by rough grassland and hawthorn scrub, there 
i s pasture close by and a connecting pond. 

PLANTS HEMIPTERA 
C a l l i t r i t c h e s t a g n a l i s 
Caltha p a l u s t r i s 
Hippurus v u l g a r i s 
Juncus effusus 
Juncus i n f l e x u s 
Mentha aguatica 
Menyanthes t r i f o l i a t a 
Phragmites a u s t r a l i s 
Potamogeton pectinatus 
Typha l a t i f o l i a 

Sigara d o r s a l i s 
Sigara fossarum 
Notonecta glauca 

COLEOPTERA 
Hali p l u s f l u v i a t i l i s 
Hydrobius fuscipes 
H a l i p l u s a p i c a l i s 



WINGATE FAR POND 
S i t u a t e d w i t h i n an o l d Magnesian Limestone quarry, l i k e 
the previous pond i t i s surrounded by rough grassland 
and hawthorn scrub, i t has an outflow i n t o Wingate pond. 

PLANTS HEMIPTERA 
C a l l i t r i t c h e s t a q n a l i s 
Caltha p a l u s t r i s 
Juncus i n f l e x u s 
Hippuris v u l q a r i s 
Lemna minor 
Mentha aquatica 
Phraqmites a u s t r a l i s 
Potamoqeton natans 
Typha l a t i f o l i a 

C a l i c o r i x a praeusta 
Siqara d o r s a l i s 

COLEOPTERA 
Hal i p l u s a p i c a l i s 
H a l i p l u s l i n e o l a t u s 
H a l i p l u s r u f i c o l l i s 
H a l i p l u s f l u v i a t i l i s 
Hydrobus fuscipes 


