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STUDIES ON THE BIOLOGY OF SOME SPECIES OF BRITISH CORIXIDAE. 

BY 

D.T. CRISP. 

- being a t h e s i s presented i n candidature f or the Degree of 

Doctor of Philosophy i n the U n i v e r s i t y of Durham, 1959. 

SC1EN6E 



ABSTRACT. 

The l i f e h i s t o r y of the water-bug, Corixa germari ( F i e b . ) 

was s t u d i e d q u a n t i t a t i v e l y i n a Derbyshire r e s e r v o i r and observations 

on the biology of the s p e c i e s were a l s o made. 

The eggs of C.germari are f i r m l y attached to stones euid are 

l a i d c h i e f l y on the undersides or i n c r e v i c e s . The o v i p o s i t i o n 

r a t e and egg m o r t a l i t y during 1958 were estimated by d i r e c t cotmts of 

eggs i n the f i e l d , the abundance of the a d u l t s and nymphs was 

measured i n terms of a Standard Net Sweep and the niunber of eggs l a i d 

per female per season was c a l c u l a t e d from these data. 

By means of these methods, i t was found that i n 1958 the 

breeding'adults gave mean catches of 10 per Standard Net Sweep 

(k3% of the a d u l t s were females) and that these adults produced 

916 eggs. About 530 hatched gmd, of the nymphs produced, about 

80 s u r v i v e d to become a d u l t s i n the aut\uan. About 20 of these 

s u r v i v e d to breed i n 1959- Estimates of the density of eggs 

l a i d per m̂  of substratum i n 1958 show that the catch per Standard 

Net Sweep rep r e s e n t s about 1/38 of the number of C.germari per m̂  

of substratum. 

By weighing the v a r i o u s stages i n the l i f e h i s t o r y i t was 

shown tha t the standing crop of C.germari gives a biomass value of 

about 20 g. dry weight per of substratum i n the autumn. This i s 

the highest value reached i n the course of the season. 

C.germari has been shown to l i v e a t greater depths them 

most other B r i t i s h s p e c i e s sind t h i s may be a means of avoiding the 



the e f f e c t s of wave a c t i o n . I t s a b i l i t y to e x p l o i t deep water i s 

coupled with the f a c t that i t v i s i t s the surfaces l e s s often and 

swims more r a p i d l y than c e r t a i n shallow water s p e c i e s . 



ACKNOWLEDGEMENTS.• 

The author wishes to express h i s gr a t i t u d e for help 

r e c e i v e d from the following :-

Professor J.B. Cragg, who supervised the work, for 

h i s guidance and encouragement. 

Dr. T.T. Macan, Dr. E . J . Popham, Mr. D. Leston and 

members of the Durham C o l l e g % Zoology Department for t h e i r 

v a l uable help, adTvice and d i s c u s s i o n . 

The North-EaBt Derbyshire J o i n t Water Comisittee for 

granting f a c i l i t i e s to work a t i t s r e s e r v o i r s auid for allowing 

acceffs to i t s r e c o r d s . 

The S h e f f i e l d Corporation Waterworks, The Nature 

Conservancy ahd other land owners, who have allowed me to v i s i t 

water bodies on t h e i r land. 

Mr, D.V. K e l l y and h i s s t a f f f or photographic and 

t e c h n i c a l a s s i s t a n c e . 

Mr, Wallington for s t a t i s t i c a l help. 

A l l those l i s t e d i n Appendix I f o r the i d e n t i f i c a t i o n of 

m a t e r i a l c o l l e c t e d from the r e s e r v o i r s . 

Many others who have helped i n a v a r i e t y of ways. 

The work was c a r r i e d out i n the Zoology Department of the 

Durham Colleges i n the U n i v e r s i t y of Durheim w h i l s t i n r e c e i p t of a 

D.S.I.R. Research Studentship, 



CONTENTS. 

SECTION A. INTRODUCTION AND GENERAL. 

PAGE. 

I INTRODUCTION. 1 

I I THE STUDY AREA. 6 

I I I BARBROOK RESERVOIR - GENERAL DESCRIPTION, 

CLIMATE, SAMPLING STATIONS AND SEASONAL 

CHANGES IN .5EGETATI0N. 7 

I V LITTLE BARBROOK RESERVOIR. 13 

V RAMSLEY RESERVOIR. 1̂  

VI THE DUCKPOOL ON BIG MOOR. 15 

V I I SAMPLING METHODS. l6 

1. S e l e c t i o n of a s u i t a b l e saimpling l o c a l i t y . l6 

2. Net sampling. l8 

3. Tj-ap sampling. 26 

4. D i r e c t counting 32 

V I I I CORIXID SPECIES FOUND IN THE WATER BODIES. 33 

m OTHER ANIMALS FOUND IN THE RESERVOIRS. 38 

SECTION B. BIOLOGY. ABUNDANCE. MORTALITY AND BIOMASS 

OF C.GERMARI. 

X: THE L I F E HISTORY, DISTRIBUTION AND BIOLOGY OF 

C.GERMARI IN BARBROOK RESERVOIR. k9 

1. I n t r o d u c t i o n and b r i e f survey. 49 

2. D i s t r i b u t i o n of adults w i t h i n the 

r e s e r v o i r . 52 



PAGE 

5. D i s t r i b u t i o n of adults a t d i f f e r e n t 

depths. 5^ 

4. Sex r a t i o s on s e c t i o n A 100 to A 300. 56 

5. S t r i d u l a t i o n and copulation. 58 

6. The egg and o v i p o s i t i o n . 61 

7. F l i g h t . 69 

8. P a r a s i t e s of C.germari. 7^ 

XI CHANGES IN- ABUNDANCE OF C.GERMARI THROUGHOUT 

THE SEASON. 78 

1, General c o n s i d e r a t i o n s . 78 

2, Abundance of the a d u l t s . 78 

3, Abundance of the eggs, 80 

k» Abundance of the nymphs. 87 

X I I MORTALITY IN THE VARIOUS STAGES. 88 

X I I I THE WEIGHTS OF THE-VARIOUS STAGES AND 

ESTIMATES OF BIOMSS. 9̂^ 

XIV APPROXIMATE ESTIMATES OF THE ABUNDANCE AND 

BIOMASS DATA IN ABSOLUTE TERMS. 97 

XV DISCUSSION, 101 

SECTION C. ECOLOGICAL REQUIREMENTS OF C.GERMARI. 

WITH REFERENCE TO OTHER SPECIES OF 

CORIXIDAE. 

XVI THE DISTRIBUTION OF C.GERMARI, THE CLOSELY 

RELATED SPECIES C.CARINATA AND THE ASSOCIATED 

GLAEHOCORISA PROPINQUA, WITH SPECIAL 
REFERENCE TO THE PENNINE REGION. 103 



PAGE 

1. Survey of the l i t e r a t u r e . 103 

2. Survey of the Corixidae of Pennine water 

bodies with s p e c i a l reference to 

C.germari, C . c a r i n a t a and G.propinqua 109 

i . General 109 

i i . Peat pools. 110 

i i i . Tarns. 110 

i v . R e s e r v o i r s . I l l 

V . D i s t r i b u t i o n of the s p e c i e s between 

the d i f f e r e n t types of water bodies. 112, 

v i . Common fe a t u r e s of the water bodies 

occupied by C.germari, C . c a r i n a t a 

£ind G. propinqua. Ilk, 

v i i . Anomalous ca s e s . 119 

X V I I EXPERIMENTS ON RESPIRATION AND SWIMMING. 125 

X V I I I DISCUSSION. 130 

SECTION D. GENERAL DISCUSSION, SUMMARY AND REFERENCES. 

XIX- GENERAL DISCUSSION. 13^ 

XX SUMMARY. 

XXI REFERENCES. 1̂ 7 

APPENDIX I . 

APPENDIX I I . 

APPENDIX I I I . 



SECTION A'. 

INTRODUCTION AND GENERAL. 



I . INTRODUCTION. 

Of our present knowledge of the Corixidae the par t s of most 

d i r e c t i n t e r e s t to the e c o l o g i s t can be grouped under four main 

headings :-

( i ) The b u i l d i n g up of systems of county or vice-county 

records f or the B r i t i s h s p e c i e s . A county d i s t r i b u t i o n of Corixidae 

i n England together with l i s t s for the whole of Scotland and the 

whole of I r e l a n d e^re given by Bedwell and Massee (19^5) t 

Massee (19^6) and Massee (1955). Leston (1958) has produced v i c e -

county l i s t s for I r e l a n d . This work provides a p i c t u r e of the 

geographical distribution'of some of the s p e c i e s , but does not 

n e c e s s a r i l y give much i n s i g h t i n t o the e c o l o g i c a l f a c t o r s i n f l u e n c i n g 

the d i s t r i b u t i o n of the s p e c i e s . I t i s p o s s i b l e for such l i s t s 

to be misleading, f o r , as Macan and Worthington (1951) p o i ^ t out, 

d i f f e r e n c e s i n the i n t e n s i t y of c o l l e c t i n g i n d i f f e r e n t parts of 
a 

the country may d i s t o r t the p i c t u r e given by the records. Macan (195̂ )̂ 

makes the f u r t h e r point that i n compiling d i s t r i b u t i o n maps a s i n g l e 

specimen of a oinglo cpacimen of a spec i e s from a p a r t i c u l a r 

vice-county c a r r i e s j u s t a s much weight as a la r g e number of 

i n d i v i d u a l s of some other s p e c i e s . Thus i n a well-worked area-, a 

sp e c i e s may be regarded as present on the b a s i s of a s i n g l e s t r a y 

specimen w h i l s t being regarded as absent from a l i t t l e - s t u d i e d 

areas where i t i s , i n f a c t , quite common i f looked for i n the r i g h t 

p l a c e s . 

Another d i f f i c u l t y i n compiling or i n t e r p r e t i n g such 

d i s t r i b u t i o n l i s t s i s that, i f the records of only a few c o l l e c t o r s 

are used, then the a v a i l a b l e data are L L k e l x t o be too scanty to give 
2 
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an adequate p i c t u r e of the d i s t r i b u t i o n of the spe c i e s 

concerned. The a l t e r n a t i v e method of using the r e s u l t s of 

as many c o l l e c t o r s as p o s s i b l e gives r i s e to the danger of 

i n c l u d i n g i n such l i s t s data based on m a t e r i a l that has not 

been determined by a competent taxonomist (Macan and 

Worthington 1951). 

( i i ) D e t a i l e d work on p a r t i c u l a r aspects of the 

biology of the Co r i x i d a e . These s t u d i e s are u s u a l l y based on one 

or more of the commoner lowlsind s p e c i e s . Examples are the work 

of Larsen (1938) on reproduction, Sutton (1951-52) on food and 

feeding and of Popham (19^1 - 1958) on. a v a r i e t y of s u b j e c t s 

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

A background of general information on the d i s t r i b u t i o n eind 

biology of a s p e c i e s i s u s u a l l y necessary before i t i s po s s i b l e 

to see the relevance of any p a r t i c u l a r b i o l o g i c a l p e c u l i a r i t i e s 

of that s p e c i e s to i t s l i f e and h a b i t a t . Hence i t i s . d i f f i c u l t to 

see the e c o l o g i c a l i m p l i c a t i o n s of information on p a r t i c u l a r 

aspects of C o r i x i d biology because i t i s not p o s s i b l e to synthesise 

the r e s u l t s of a number of d i f f e r e n t workers on various species 

i n such a way as to obtain a reasonably complete p i c t j i r e of the 

biology £ind ecology of amy p a r t i c u l a r s p e c i e s . 

( i i i ) C l a s s i f i c a t i o n of the types of h a b i t a t s occupied 

by each s p e c i e s and study of the associatiom of s p e c i e s . This 

approach has been used by a number of workers, but most e x t e n s i v e l y 

by Macan. His work i n t h i s f i e l d i s l a r g e l y summarised by 
a 

Macan (195̂ )̂ where a l a r g e number of samples from a l l p a r t s of 

2. 



B r i t a i n are analysed and the general h a b i t a t types occupied by 

most of the s p e c i e s are described. He has a l s o obtained a measure 

of the tendency a f o r c e r t a i n s p e c i e s to be a s s o c i a t e d together i n 

s i m i l a r h a b i t a t s . According to Macan, one of the major f a c t o r s 

i n f l u e n c i n g the d i s t r i b u t i o n of the various s p e c i e s appears to be 

the proportion of organic matter i n the substratum. Complementary 

to these i n v e s t i g a t i o n s i s the work of Popham (19^1, 19^3) who showed 

th a t each c o r i x i d s p e c i e s tends to have a c h a r a c t e r i s t i c colour 

range and that Corixidae tend to s e l e c t a background matching t h e i r 

own colour shade. He points out that, i n general, the colour shade 

of the substratum i s determined by i t s content of organic m a t e r i a l . 

Thus, from the work of Macan emd Popham, we have a general 

d e s c r i p t i o n of the d i s t r i b u t i o n of the c o r i x i d species on an 

e c o l o g i c a l l e v e l amd a p o s s i b l e mechanism whereby t h i s d i s t r i b i t i o n 

i s maintained. I t i s , however, necessary to make more d e t a i l e d 

study of t h i s s u b j e c t i n order to obtain f u r t h e r information about 

the rSle of each s p e c i e s i n i t s h a b i t a t s emd the adaptations shown 

by each s p e c i e s to i t s own p a r t i c u l a r type of environment. 

( i v ) D e t a i l e d i n v e s t i g a t i o n s of the l i f e h i s t o r i e s and 

d i s t r i b u t i o n s of i n d i v i d u a l s p e c i e s . The most thorough study of 

t h i s type i s G r i f f i t h (19^5) on the American sp e c i e s , 

Rhamphocorixa acuminata Uhler, although i t gives l i t t l e information 

about abundance or f l u c t u a t i o n s i n abundance. Nevertheless i t seems 

l i k e l y t h a t surveys of t h i s type w i l l lead to a much c l e a r e r 

understanding of the ecology of p a r t i c u l a r species of Corixidae than 

w i l l be given by s t u d i e s of a more general nature. 

To understand the reasons for the d i s t r i b u t i o n emd abundance 

3. 



of c o r i x i d s p e c i e s and the importance of each s p e c i e s i n the 

h a b i t a t s i t occupies, q u a n t i t a t i v e s t u d i e s of the l i f e h i s t o r i e s 

of i n d i v i d u a l s p e c i e s under f i e l d conditions should be made. 

These f i e l d observations and conclusions should be backed, 

wherever p o s s i b l e , by la b o r a t o r y and f i e l d experiments. Thus 

i t should be u l t i m a t e l y p o s s i b l e to obtain a qusmtitative p i c t u r e 

of the r e l a t i o n s h i p s of each s p e c i e s to i t s p h y s i c a l amd b i o t i c 

environments. As f a r as p o s s i b l e , t h i s approach has been 

followed i n the present work, but only for a s i n g l e s p e c i e s . 

The aims of the present study have been twofold. F i r s t 

to obtain information on the d i s t r i b u t i o n and abundance of a s i n g l e 

s p e c i e s , Corixa germari ( F i e b ) , w i t h i n a s i n g l e water body euid to 

r e l a t e t h i s to the conditions i n the d i f f e r e n t p a r t s of the water 

body. At the same time information has been accumulated about the 

biology and behaviour of the s p e c i e s . Secondly, to obtain estimates 

of the a.bundance of the va r i o u s stages of C.germari throughout the 

year i n one f a i r l y uniform p a r t of the water body and hence to f i n d 

the mortaility of each stage and, as f a r as p o s s i b l e , to l i s t the 

agencies respons""ible f o r the mortality. By weighing samples of each 

stage the abundance data can then be converted i n t o biomasses which 

give a rough i d e a of the q u a n t i t i e s of energy involved. I t i s a l s o 

important to know the nature and q u a n t i t i e s of food taken by 

Cor i x i d a e , but t h i s i s an extremely time-consuming study and beyond 

the scope? of the present i n v e s t i g a t i o n , 

A s e r i e s of c o r i x i d samples from Pennine water bodies has 

been analysed and the e c o l o g i c a l d i s t r i b u t i o n s of C g e r m a r i and the 

other s p e c i e s c o l l e c t e d have been compared and contrasted. F i n a l l y , 

4. 



an attempt has been made to r e l a t e c e r t a i n b i o l o g i c a l p e c u l i a r i t i e s 

of C.germari to the type of environment which i t occupies. 

5. 



I I . THE STUDY AREA'. 

Most of the f i e l d work was done at the Barbrook, 

L i t t l e Barbrook and Ramsley r e s e r v o i r s and at a small peat pool, 

which are owned by the North Bast Derbyshire J o i n t Water Committee 

and s i t u a t e d about 8 m i l e s (12*8 Km.) South West of S h e f f i e l d 

(Nat. g r i d refereBoes;n 111/278771, III /276762, 111/2867^7 and 

111/267775 r e s p e c t i v e l y ) . The catchment area c o n s i s t s of 

1,032 a c r e s (413 ha.) of mixed heather moor and Eriophorum 

bog o v e r l y i n g a l t e r n a t e bands of sandstone and shale. The mean 

annual r a i n f a l l on the area, based on 44 years readings, i s 

35.6 i n . (904 mm). The system of water flow between the r e s e r v o i r s 

and the treatment given to the water are shown i n Figure 1. 

Monthly chemical analyses of the water i n Barbrook r e s e r v o i r have 

been taken from the records of the Water Committee and are 

shown i n Table 1. These analyses show the very low base s t a t u s 

of the water emd a l s o the very low pH vedues which r e f l e c t the low 

base s t a t u s and the presence of sul p h u r i c a c i d as a r e s u l t of 

atmospheric p o l l u t i o n . 

6. 



THE SYSTEM OF WATER FLOW AND TREATMENT IN 

THE STUDY AREA. 

Main Inflow from N.W. 
via Bar brook. 

Intlea f r o m W. 

inf lo* from N.E. 

Inflow from W. 

Barbrook Rc« 

Overflow. 

Treatment with alum 
and lime 

Fi l t ra t ion. 

Chlorinatlon. 

Little 
Barbreek 
Rci. 

Ramslcy 

Overflew 
Overflew. 

F i g u r e , i ; 
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I I I . BARBROQg RESERVOIR - GENERAL DESCRIPTION. CLIMATE, 

SAMPLING STATIONS. AND SEASONAL CHANGES IN VEGETATION. 

Barbrook r e s e r v o i r has an area of 32 acres ( 1 2 * 9 ha) 

and maximum depth of 27 f t . ( 8 * 2 m . ) . The top water l e v e l 

i s 1 , 0 7 2 f t . ( 3 2 6 * 8 m .) above sea. l e v e l and vater i s drawn o f f 

a t the 1 , 0 6 5 f t . ( 3 2 4 » 6 m . ) , 1 , 0 5 8 f t . ( 3 2 2 . 6 m.) and 1 , 0 5 1 f t . 

( 3 2 0 * 3 m .) l e v e l s . The r e s e r v o i r i s i n a very exposed p o s i t i o n 

and i t s shores are subject to considerable wave act i o n on windy 

days. 

W^jere they do not correspond to a d^-nite landmairk 

on the r e s e r v o i r margin the saunpling s t a t i o n s are each ddfined 

i n terms of t h e i r distance, measured i n a clQckwise d i r e c t i o n 

round the r e s e r v o i r margin, from one of s i x f i x e d points 

A, B, C, D, E and F. Thus any poi n t on the r e s e r v o i r margin 

can be defined by quoting a p r e f i x l e t t e r denoting an adjacent 

f i x e d i p o i n t and a number showing i t s distance, i n yards, from 

t h a t f i x e d p o i n t . Where the number i s p o s i t i v e the distance i s 

measured i n a clockwise d i r e c t i o n round the r e s e r v o i r edge and where 

the number i s negativd the measurement i s made i n an suiti-clockwise 

d i r e c t i o n . The f i x e d p o i n t s and the regular seimpling s t a t i o n s 

are shown on Figure 2 . 

The aquatic macroflbra consists of two species, 

Glyceria f l u i t a n s (L) and J\mcus bulbosus L. aggregate. The 

d i s t r i b u t i o n of these two p l a n t s i s shown i n Figure 2 and the 

density of the symbols representing each species gives a rough idea 

of the r e l a t i v e d e n s i t i e s off the two species i n d i f f e r e n t parts of 

the r e s e r v o i r . 

7 . 
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On each v i s i t to Barbrook r e s e r v o i r during 1958 and 

on a few occasions during 1957 the temperature of the water was 

measured at s t a t i o n A200 w i t h a mercury thermometer held j u s t 

below the water surface. The r e s u l t s are; shown i n Figure 5 . 

Occasional measurements of the temperature of water samples from 

1*0 and 2 * 0 depths showed tha t the water temperature a t those 

depths was the same as t h a t a t the surface, except when the water 

temperature was only a few degrees above f r e e z i n g p o i n t . At such 

times the temperatures at 1 *0 m. (3 f t . ) t o 2 * 0 m. (6 f t . ) depths 

were a l i t t l e higher than the surface temperature. 

Daily records of the water l e v e l i n the r e s e r v o i r are 

kept by the North East Derbyshire J o i n t Water Committee and the 

water l e v e l data used i n t h i s work have been abstracted from 

these records. Figure k «\ shows the mean water l e v e l s f o r 

seven-day periods during 1957 expressed i n terms of the distance 

of the water l e v e l above ( p o s i t i v e values) and below (negative 

values) the "top water l e v e l " . S i m i l a r data f o r 1958 are shown 

i n Figure k B. For comparison, the mean vsihes f o r the ten years 

19'f9 to 1958 are shown i n Figure kO. The l a t t e r data show that the 

general tendency i s f o r the water l e v e l to be close to top water 

lefiel during the f i r s t s i x months of the year and then to f a l l 

about 1 « 0 m, by September or October a f t e r which i t begins to 

r i s e again. 

I t must be noted t h a t these conclusions are based on mean 

values and t h a t , i n f a c t , there i s considerable v a r i a t i o n i n water 

l e v e l pa^tterns between years. I t i s nevertheless true to say t h a t 

the extremely low l e v e l s recorded between May and mid-September 

1957 were exceptional and t h a t the absence of any maurked f a l l - o f f 
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Top -water l e v e l i s taken as zero. 



i n l e v e l during the summer and e a r l y autumn of 1958 was rather 
unusual. 

During 1958 the wind d i r e c t i o n was noted each time 

the r e s e r v o i r was v i s i t e d and the wind speed was estimated 

by reference to the Beaufort wind scale. The r e s u l t s are shown 

i n Table 2 . These data are p a r t i c u l a r l y important becausd the 

wind can cause considdrable wave act i o n on Barbrook r e s e r v o i r 

and t h i s , as w i l l be seen l a t e r , has marked e f f e c t s on the 

Corixidae. Photographs 1 and 2 show the wave act i o n on shore 

sec t i o n AlOO t o A20G on 2 2 . 5 , 59 when the wind was blowing from 

the N.E. a t about 2 0 m.p.h. ( 3 2 Km.p.h.) and photograph 3 shows 

s i m i l a r conditions i n A p r i l 1 9 5 8 . On some occasions waves of 

up t o 0»5 m, ( 1 . 5 f t . ) i n height from trough to crest have been 

observed on Barbrook r e s e r v o i r . 

The mode of const r u c t i o n of the w a l l s at various points 

on the r e s e r v o i r margin i s shown i n Figure 5 . The values at each 

s t a t i o n of the dimensions shown as "a" and "b" i n Figure 5 are given 

i n Table 3» together w i t h the distances from the water's edge at 

which the water depth reaches ll'O m. (3 f t , ) , 2 . 0 o. (6 f t . 5 and 

3 * 0 m. ( 9 f t . ) ( o r i n some cases 0 * 5 m. and 0 * 7 5 n»«) a t each s t a t i o n . 

The nature of the substratum a t the various s t a t i o n s i s i l l u s t r a t e d 

i n a series of photographs taken on 5 . 5 . 5 7 and 1 2 . 6 . 5 7 when the 

water l e v e l was 17*5 i n . (^^ cm.) and 6 2 ' 5 i n , (150 cm) r e s p e c t i v e l y , 

below top water l e v e l , thus exposing those parts of the substratum 

from which samples were normally taiken. Other photographs, tadcen 

at times when the water l e v e l was near to top water l e v e l show some 

of the s t a t i o n s as they are more usually seen. 

9. 



Date. Direction. Speed. Date. Direction. Speed. 
(m.p.li. (m.p.h.) 

20.1.58 WNW 2 22.5.58 SSW 2-5 
5.3.58 WSW 21-35 23.5.58 SSW 2-10 
25.3.58 NW ? X 28.5.58 SE-NW 0-10 
27.3.58 NNW ? 29.5.58 S 2-5 
28.3.58 S 10 X 5.6.58 S-SE 2-5 

X 1.4.58 E 15-20 X 6.6.58 E 5-15 
X 2.4.58 SE 5-10 9.6.58 NW 0-2 
X 10.4.58 NE 15-27 X 11.6.58 E 2-5 
X 11.4.58 NE 15-27 12.6.58 NW 0-2 
15.4.58 WNW 10-27 19.6.58 SSW 5-10 
16.4.58 WNW 10-21 X 20.6.58 N 2-10 
17.4.58 WSW 5-10 X 23.6.58 W-NW 0 -5 

23.4.58 s 5-10 X 25.6.58 S-SB 2-10 
24.4.58 ssw 5-10 26.6.58 S 2 -6 

25.4.58 SW 10-21 X 3.7.58 NE 2 -6 

30.4.68 WNW 0-2 X 4.7.58 N 2 
1.5.58 SW 0-2 8.7.58 S-HW 0-2 
8.5.58 SW 10-21 9.7.58 SW 2 -5 

9.5.58 SW 2-15 10.7.58 W 2 -6 

14.5.58 SW 2-10 17.7.58 W 2-10 
15.5.58 3 0-2 18.7.58 SW 2 -6 

TABLE.2. (P a r t . l . ) . 



Date. Direction. Speed, 
(m.p.h. [ 

Date. Direction. Speed, 
(m.p.h.) 

22.7.58 SW 2-5 X 13.9.58 SE 0-5 
24.7.58 W 2-5 X 16.9.58 NE 5-10 
31.7.58 w 2-10 17.9.58 S 5-10 
1.8.58 w 5-15 18.9.58 S 2-5 
4.8.58 w 10-21 25.9.58 WNW 27 
6.8.58 w 5-10 26.9.58 WNW 0-2 
7.8.58 WSW 2-5 29.9.58 SSW 10-21 
14.8.58 WNW 5-10 X 1.10.58 S-SE 5-15 
15.8.58 SW 5-15 2.10.58 SW 5-10 
18.8.58 NE 5-15 8.10.58 SW 10-15 
19.8.58 SW 2-5 9,10.58 WSW 10 
20.8.58 SW 0-2 10.10.58 SW 10-15 

21.8.58 SW 0-2 11.10.58 SW 5-10 
28.8.58 s 0-2 13.10.58 w 15-21 
29.8.58 s 2-5 14.10.58 w 15-21 

X 1.9.58 SE 2-10 X 15.10.58 WNW 27-36 

X 2.9.58 E 0-5 X 16.10.58 WNW 27-35 

X 3.9.58 E 5-10 X 17.10.58 NW 27-35 

X 4.9.58 ENE 2-10 20.10.58 WNW 15-21 

X 11.9.58 NE 2-5 23.10.58 SW 0-8 

12.9.58 SE 0-2 4.11.58 - 0 

TABLE.2. Wind speed and direction at Barbrook reservoir during 1958. 
X denotes dates on which appreciable wave action was 
observed on section AlOO to A300. 



Ihotograph.l, Wave action at section AlOO to A500 

of Bax^odk: reservoir,22.5,59. 



'Baotogcangki,2, Wave action at section AlOO 

to A500,22,5.59. 



Ihotograpfa.S, Wave action at A200,24,3.58. 



Shore profiles for Barbrook Reservoir . 
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station. "a" 
(metres j 

"b" 
(metres) 

O'Sm. 0.75m. 1.0m. 2.0m. 3.0m. 

E130 .26 3.85 5.4 6«9 17.0 

P-10 .20 7.26 9«5 12«7 21.5 

PIO •IS 1*80 3.8 6*8 23.6 
Tower 3.20 10.70 3.3 6.7 10.0 

A-10 • .70 2.35 3.4 14*7 24'*-
A2e •30 1.70 1*8 2«7 24 + 
AlOO 1.80 5.00 3'1 15.1 24*0 
A150 2.50 6.50 2*8 4*9 12.7 
A200 2*60 6.70 2.5 4.8 6*5 
A250 2.80 6*30 2*4 4.1 5.3 
A300 1.70 5.00 2.6 7.6 10.0 
A360 0 0 24 + 
B60 9.7 15.2 
B70 4.3 9.4 
C-20 6.7 12-1 
Delta 6.8 14.6 j ' 

TABLE.3. Values of dimensions "a" and "b" for Figure.4. and distances 
from the water's edge of the 0«5m.,0.75ra.,1.0m.,2.0m.,and 
3.0m.,depth contours in Barbrook reservoir.Measurements 
made on August 18th.and 19th.1958 when the vater was 0.2m. 
above top water level. 



The shoreline of the r e s e r v o i r can be conveniently 

d i v i d e d i n t o f i v e f a i r l y uniform sections, each of Wiich contains 

one or more re g u l a r seunpling s t a t i o n s . Each of these sections 

i s described; below and a t the same time siny marked differences 

between i n d i v i d u a l s t a t i o n s w i t h i n the seime section are in d i c a t e d . 

({JLl E130 to A - 10 

The shore p r o f i l e s f o r t h i s region of the re s e r v o i r 

are represented on Figure 5 and Photographs 4 , 5 and 6 i l l u s t r a t e 

the c o n s t r u c t i o n of the w a l l s from large blocks of sandstone hewn 

to a cuboidal shape. Below the stone w a l l there i s a gently sloping 

bottom of sand w i t h occasional t u f t s of J, bulbosus agg. i n the 

region between E 130 and F and a dense growth of the sajne species 

a t A -10. 

(^1)) A 100 t o A 300 

These s t a t i o n s are s i t u a t e d on a bank of i r r e g u l a r 

loose stones which slopes steeply down i n t o water of 2»0 to 3»0 m. 

(6 t o 9 f t , ) depth (Photographs 7 and 8 ) , below which there i s a 

ge n t l y s l o p i n g sandy bottom. A l l these s t a t i o n s are sheltered 

from the p r e v a i l i n g south and west winds by an embankment of clay, 

stone and peat which extends two or three metres above the top 

water l e v e l . 

( i i i ) B 10 t o C -20 

Stations on a gently s l o p i n g sandy shore w i t h a 

few stones and a r e l a t i v e l y t h i c k growth of J.bulbosus agg, amongst 

which peaty debris accumulates t o a depth of about 1 cm, ( • 2 5 i n . ) 

i n some places (Photograph 9 ) . When the water i s up t o top water 

l e v e l the water's edge i s f r i n g e d by tussocks of Juncus effusus.L. 

1 0 . 



Hiotograi*i,4. View from F-10 towards E130,2,5,57. 

Hiotograph,5, Tov»er on 12,6,57.Top water l e v e l i s j t i s t below the 

flanjje on the "base of the tower,Distance from flange 

t o water l e v e l shown i s about 5 f t , ( l * 5 m.), 



Hiotograph.e, Station A^10,2,5,57,Note stone 

tank and sandy "bottom inLth darker 

patches of J.bul'bosus sgg. 



Hiotograph.7. Stony "bank on section AlOO to A300,12,6,57. 

ihotograph.8. Stony "bank and iDottom of sand at A350,2,5,57, 



Photograph,9. Station B70 on 2.5.57, Note sandy shore with darker 

patches of J.bulbosus agg.The water l e v e l normally-

re aches to the Juncus effasus i n the "backgrotind. 



which can be seen i n the background of photograph 9. 

( i v ) " D e lta". 

This s t a t i o n comprises the region a t which 

Bar brookc enters the r e s e r v o i r . I t i s an area of s t i l l 

water up to 1*0 m, (3 f t . ) deep with a dense growth of 

G l y c e r i a f l u i t a n s f r i n g e d by J.effusus (Photograph 1 0 ) . 

Mud and pl a n t fragments cover the bottom to a depth of up to 

20 cm. (8 i n . ) . 

(v) D 50 to E. 

The shore p r o f i l e of these s t a t i o n s i s shown 

i n Figure 5̂ . There i s a v e r t i c a l w a l l of stones b u i l t i n the 

manner of a dry stone w a l l and a t the base of t h i s there i s a 

h o r i z o n t a l flange of s i m i l a r c o n s truction. Beyondi t h i s flange 

there i s a gently iiopiijg- sandy bottom with occasional stones 

emd a sparse growth of J.bulbosus agg. (Photographs 11 euid 12). 

The G l y c e r i a a t s t a t i o n " D e l t a " forms a f a i r l y dense 

stand of vegetation throughout the year but i s p a r t i c u l a r l y dense 

during the summer months ant^ttends to die back during the winter. 

When growing below the water, the J.bulbosus agg. forms slender 

pale-green l e a v e s up to 0*5 m, (1'5 f t . ) long and i s thinned out 

each autumn and winter when severe wave a c t i o n causes some of the 

l e a v e s and, i n some c a s e s , whole portions of the rootstock of 

the plamt to be torn up and washed ashore. I f a t any time the 

J.bulbosus agg. i s exposed above the water l e v e l , as during the 

drought of 1957» the long t h i n l e a v e s die back and are replaced 

by s h o r t e r , s t o u t e r l e a v e s of a darker colour. The plant may then 

flower. When resubmerged the short l e a v e s are replaced by long 

11. 



Hiotograph.lO, Qlyoeria "bed at Delta on 22,5.59, 

The net pole i s at the waterfe edge 

and i s 5*5 f t . long. 



Riotogpaph.ll, Station S cm 12,6.67, Note sandy 

'bottom and horizontal flange at 

hase of v a i l . 



Hiotograph,12. Station BIO on 2,5,57.Note sandy hottom 

with some stones. 



pale ones. During the May to October period the fileunentous 

green a l g a Microspora sp. forms loose mats amongst the vegetation 
to 

at " D e l t a " and B to C -20 emd/a l e s s e r extent amongst the stones 

at s t a t i o n s A 25 to A 356. 

12. 



IV LITTLE BARBROOK" RESERVOIR 

L i t t l e Barbrook r e s e r v o i r occupies about 3 acres (1*2 ha.) 

and has a maximum depth of about 12 f t . (4*0 m.). The r e s e r v o i r 

i s bounded on three s i d e s by s t e e p l y s l o p i n g stone w a l l s but these 

are mainly covered by from 1 to 5 cm. (^S? ̂ ^2*0 i n . ) of mud and the 

bottom i s of mud with o c c a s i o n a l patches of and. Most of the 

margin i s covered by a dense growth of G . f l u i t a n s with o c c a s i o n a l 

patches of J.bulbosus agg. 

13. 



V. RAMSLEY RESERVOIR. 

The Ramsley r e s e r v o i r has an area of 9 acres (3*6 ha). 

I t i s bounded on a l l sideer by stone w a l l s sloping s t e e p l y down 

i n t o 1*0 (3 f t . ) to 1*5 m. (4.5 f t . ) of water. The bottom i s 

of sand with no no t i c e a b l e accumulation of mud. The only plant 

fragments present are the leav e s which f a l l into the water from a 

few S a l i x a t r o c i n e r e a Brot. bushes which grow near the r e s e r v o i r 

margin. At the north east corner of the r e s e r v o i r there i s a 

drainage channel about 3 m. (9 f t . ) wide and up to 0*75 m. (2 f t . ) 

deep through which a l i t t l e water drains i n t o the r e s e r v o i r from 

the surrounding moorland. I n t h i s channel there i s an accumul

a t i o n of mud, peat and plant debris eind a dense grc^h of 

Potomogeton natans.L., G.fluitems, and G a l l i t r i c h e L, sp. 

l^f. 



V I . THE DUCKPOOn ON BIG MOOR. 

The Duckpool i s a t y p i c a l peat pool, about 15 m. i n 
diameter aind up to Oi^^Sm. (2 f t . ) deep. I t i s s i t u a t e d on an 
Eriophormn bog about ^/2 mile (0*8 Km.) north west of Barbrook 
r e s e r v o i r . The pool i s surrounded by a f r i n g e of J.effusus 
(Photograph 13) . The bottom i s of peat l i t t e r e d with dead 
J . e f f u s u s fragments, ajid the water i s h e a v i l y peat s t a i n e d . 

15. 



Hiotograph.lS. The duokpool on Big Mbor.The pole of the 

net (ertreme l e f t ) i s 5*5 f t . long. 



V I I . SAMPLING MEOfflODS. 

(1) S e l e c t i o n of a s u i t a b l e seunpling l o c a l i t y . 

The choice of a s u i t a b l e water body from which to t6Lke 

samples i s of c r i t i c a l importance i n a study of thiis type. A number 

of c r i t e r i a must be considered i n making the s e l e c t i o n . These 

are o u t l i n e d below and they are a l s o applied to Barbrook: r e s e r v o i r , 

which, i n the present work, was considered to be a s u i t a b l e sampling 

l o c a l i t y f o r a q u a n t i t a t i v e survey of the l i f e h i s t o r y of 

Corixa germari ( F i e b . ) 

(a) The water body should be s u f f i c i e n t l y l a r g e for a 

s u i t a b l e niunber of samples to be taken from i t at r e g u l a r i n t e r v a l s 

without s e r i o u s depletion of the animals as a r e s u l t of Sampling. 

At the same time i t should not be so leirge that d i f f i c u l t y i s 

experienced i n ssunpliiig a i l the seunpling s t a t i o n s within a s i n g l e 

day. Barbrook r e s e r v o i r was found to f u l f i l these requirements. 

(b) The water body studied should be r e a d i l y d i v i s i b l e 

i n t o a few apparently uniform seunpling s e c t i o n s so that i t w i l l be 

s t a t i s t i c a l l y v a l i d to combine sample data from w i t h i n each s e c t i o n . 

As seen i n the d e s c r i p t i o n of the sampling s t a t i o n s , the s h o r e l i n e 

of Barbrook r e s e r v o i r can be divided i n t o four long and comparatively 

uniform s e c t i o n s (E 130 to A -10, A 100 to A 300, B 10 to C -20 and 

D 50 to E) together with a few s m a l l miscellaneous regions 

exemplified by s t a t i o n s Delta, B -1 and A 25. 

( c ) Corixidae should be abundant i n the sampling l o c a l i t y , 

so that a r e l a t i v e l y l a r g e c a t c h per seunple u n i t can be obtained 

fo r a r e l a t i v e l y s m a l l expenditure of time and e f f o r t . Prelimiiary 

16. 



n e t t i n g a t Barbrook r e s e r v o i r during the summer and e a r l y autumn 

of 195^ showed t h a t c o r i x i d s were abundant i n the r e s e r v o i r amd 

were very abundant on s e c t i o n A 100 to A 300. 

(d) The eggs and nymphs of the Corixidae are not 

r e a d i l y i d e n t i f i a b l e . I t i s therefore d e s i r a b l e that the samples 

of a d u l t s should c o n s i s t almost e n t i r e l y of a s i n g l e s p e c i e s , 

so that only a s m a l l inaccuracy i s involved i n assuming that 

a l l the nymphs and eggs taken belong to that s p e c i e s . About 

95% of the a# u l t Corixidae taken by random n e t t i n g i n a l l p a r t s 

of Barbrook r e s e r v o i r during 195^ were C.germari and t h i s suggested 

tha t i t would be reasonable to assume that almost a l l the eggs 

and nymphs c o l l e c t e d from the r e s e r v o i r would belong to t h i s 

s p e c i e s . 

(e) Seasonal changes i n the density of submerged 

vegetation can be considerable i n some water bodies and such changes 

may cause v a r i a t i o n i n the e f f i c i e n c y of the net saimpling as a 
of 

r e s u l t aaeaaa changes i n the ease with which the net can be moved 
through the vegetation and v a r i a t i o n i n the amount of net clogging 

caused by pieces of plant m a t e r i a l . This e f f e c t i s minimised on 

s e c t i o n s A 100 to A 30O, E I30 to A -10 and D50 to E of Barbrook 

r e s e r v o i r because of the n e g l i g i b l e quemtities of vegetation found 

there. 

( f ) The water body studied should have as s t a b l e a 

water l e v e l as p o s s i b l e and should s u f f e r a minimum of human 

i n t e r f e r e n c e , so that the i n t e r p r e t a t i o n of the data obtained w i l l 

not be u n n e c e s s a r i l y complicated by large but short-term disturbances 

17. 



of the environment. Barbrook r e s e r v o i r i s s i t u a t e d on p r i v a t e 

land and i s therefore f a i r l y safe from i n t e r f e r e n c e by the general 

p u b l i c . The water i s not t r e a t e d i n any way u n t i l a f t e r i t has 

l e f t the r e s e r v o i r , so that the chemical composition of the water 

does not s u f f e r any unnatural v a r i a t i o n . I n general the water 

l e v e l does not r i s e more than about 0*7 m (2 f t . ) above top water 

l e v e l and i t r a r e l y f a i l s more than about 2*0 m (6 f t . ) below that 

l e v e l . 

Thus i t can be seen th a t Barbrook r e s e r v o i r meets most of 

the conditions r e q u i r e d for e f f i c i e n t and meaningful sampling. I t 

has the added advantages of having a r e l a t i v e l y simple fauna and 

f l o r a and of having as i t s commonest c o r i x i d species C.germari. a 

s p e c i e s about whose l i f e - h i s t o r y and ecology very l i t t l e i s known, 

(2) Net Sampling. 

Two main methods of measuring the abundance of c o r i x i d s 

with a net have been used by previous workers. Popham (19^9) 

mentions the method used by E.S. Brown i n which the number of 

i n d i v i d u a l s taken a f t e r 30 minutes' c o l l e c t i n g i s recorded. The 

value of any method of estimating c o r i x i d abundance, however, 

depends o4 i t s u s e f u l n e s s i n the comparison of abundance between 

d i f f e r e n t water bodies, between d i f f e r e n t parte of theaame 

water body or at the same place on d i f f e r e n t dates. I t i s therefore 

e s s e n t i a l that the r e s u l t s obtained s h a l l be ajnenable to s t a t i s t i c a l 

a n a l y s i s . I n order to use Brown's catch/time method i n t h i s way 

i t i s e s s e n t i a l that an adequate number of samples be taken and 

t h i s means that the time i n t e r v a l used as a sampling u n i t must be 

f a i r l y s h o r t . T h i s gives r i s e to d i f f i c u l t i e s i n accurate 
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measurement of the time i n t e r v a l used. I n addition, t h i s method 

does not allow f o r changes i n the working e f f i c i e n c y of the 

b i o l o g i s t as a r e s u l t of various c l i m a t i c e f f e c t s . Thus, though 

t h i s method may be adequate for the purpose for which i t has so 

f a r been used ( i . e . rough comparieons of the r e l a t i v e abundances 

of a number of s p e c i e s between f a i r l y l a r g e numbers of water 

b o d i e s ) , i t i s not s u i t a b l e f or work of a more exact nature. 

Popham (19^3a) estimated the abundance of Corixidae i n 

d i f f e r e n t depths of water by making 20 standard net sweeps at each 

depth sind counting the t o t a l number of i n d i v i d u a l s at each depth. 

T h i s technique, because i t measures the abundance i n terms of the 

"catch per u n i t of work done" ra t h e r than the "catch per unit of 

time taken", c u t s down the e r r o r due to v a r i a t i o n i n working 

e f f i c i e n c y of the b i o l o g i s t . Also, i f the catches from the s i n g l e 

net sweeps are counted s e p a r a t e l y , the data can be tr e a t e d s t a t i s t 

i c a l l y . This method has therefore been used i n the present work. 

I n d e f i n i n g the Standard^Net Sweep used, reference must be 

made to Figure 6 which represents a v e r t i c i s e c t i o n through the 

water i n a plane p a r a l l e l to the water's edge. An ordinary hand 

pond net was used. The net entered the water at A with i t s mouth 

po i n t i n g towards D. I t was lowered gently u n t i l i t j u s t touched 

the bottom at B. From t h i s p o s i t i o n the a c t u a l net sweep began 

and the net trace d the path B, C, D, B, A, C, D, B, A with the net 

mouth f a c i n g towards the d i r e c t i o n of t r a v e l . On reaching A for 

the l a s t time, the net was l i f t e d from the water. As f a r as p o s s i b l e , 

the speed at which the net t r a v e l l e d was kept constant for a l l the 
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1-5 m. 

Figure."6." 



standard Net Sweeps. Unless i t i s otherwise s t a t e d , a l l 

subsequent r e f e r e n c e s to a Standard Net Sweep (or S.N.S.) i n 

t h i s w o r l ^ i l l r e f e r to a standard net sweep as j u s t defined. 

For sampling the a d u l t s a circular-mouthed net with 

a mouth of Ih i n . (35*5 cm.) diajneter and nylon n e t t i n g with 

15 meshes per i n . (6 meshes per cm.) on a pole 5*5 f t . ( 1 '8 m.) 

long was found the most s a t i s f a c t o r y and the S.N.S. made with 

such a net has been used as a standard u n i t i n which to express 

the r e s u l t s obtained by sampling with other types of net and by 

d i r e c t counting of the eggs. Thus the r e l a t i v e abundance of 

a l l stages i n the l i f e h i s t o r y can be compared. 

I n order to s e l e c t a s u i t a b l e mesh s i z e for sampling 

the nymphs of C.germari i t was necessary to obtain some idea of 

the a b i l i t y of each nymptial i n s t a r to escape through n e t t i n g of 

d i f f e r e n t mesh s i z e s . The need for t h i s i s c l e a r l y i l l u s t r a t e d 

by Macsm's (1958) comparison of the catches of Ephemeroptera 

nymphs i n f i n e and coarse meshed nets, which w i l l be r e f e r r e d to 

below. Three types of n e t t i n g were therefore used i n a laboratory 

experiment and, f o r convenience, these have been r e f e r r e d to as 

"coarse mesh", "tra p mesh" and " f i n e mesh". The holes i n the trap 

mesh and the coarse mesh n e t t i n g were roughly e l l i p t i c a l and the 

l a r g e s t and s m a l l e s t dimensions of each of t h i r t y such holes 

were measured f o r each of these two types of nettigg. The fi n e 

mesh h e t t i n g was woven nylon b o l t i n g c l o t h , the holes i n i t were 

re c t a n g u l a r , and the longest emd shortest s i d e s of t h i r t y of these 

holes were measured. A l l the measurement^ere made under a 

microscope with a micrometer eyepiece and for each type of n e t t i n g 

the mean values f o r t h i r t y h o l e s , together with t h e i r confidence 
20. 



l i m i t s are shown i n Table k. The r e l a t i v e a b i l i t i e s of each of 

the f i v e nymphal i n s t a r s to escape through each of the three types 

of n e t t i n g were then measured under standard conditions i n the 

labo r a t o r y . For each combination of an i n s t a r and a mesh s i z e 

twenty i n d i v i d u a l s of the appropriate i n s t a r were placed i n each of 

f i v e 2x1 i n c h g l a s s specimen tubes. A piece of the relevqnt n e t t i n g 

was then t i e d a c r o s s the mouth of each tube and the tubes were then 

l a i d on t h e i r s i d e s i n j a r s f u l l of water a t 17°C. Care was taken to 

ensure that no a i r bubbles were present i n the tubes or on the ne t t i n g . 

The number of escapes from each tube was counted each hour throughout 

a four hour period and a summary of the r e s u l t s i s given i n 

Table 5» The same r e s u l t s are shown i n Figure 7fwhere the t o t a l 

number of escapes out of the i n i t i a l 100 animals used in'each 

combination of i ^ s t a r and mesh s i z e are p l o t t e d against time. These 

experimental conditions are c l e a r l y very d i f f e r e n t from those 

e x ^ i e n c d d by nymphs caught i n a net i n the f i e l d . Nevertheless 

the f o l l o w i n g conclusions can be drawn :-

( i ) Macfadyen (1957) draws a t t e n t i o n to the f a c t that 

some freshwater nymphs and l a r v a e can escape from smaller net meshes 

than might be expected and Macan (1958) showed the enormous 

discrepancy between catches of Ephemeroptera nymphs i n f i n e and 

coarse nets that caji be caused by escape of the s m a l l e r - s i z e d nymphs 

from coarse meshed n e t s . Working on chironomid laurvae, Jonasson (1955) 

showed t h a t , though the width of the t h o r a c i c segments may exceed! the 

width of the head capsule of these animals, i t i s the width of the 

head capsule which decides whether or not the l a r v a can escape through 

mesh of a p a r t i c u l a r s i z e . 
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Netting type. Meshes/cm. Mean maximum and minimum dimensions i n mm. 
of 30 holes * 5% confidence l i m i t s of 
the mean. 

Mean maximum and minimum dimensions i n mm. 
of 30 holes * 5% confidence l i m i t s of 
the mean. 

Maximum. Minimiun. 

Coarse mesh. 6 I'B + -02 1-3 + '02 

Trap mesh. 7 1*2 * '08 1*0 'O? 

Fine mesh. 2k 0*34 ± '008 0 « 2 6 + -607 

Table k. Measurements of three types of net m a t e r i a l . 



I n s t a r . Hours from s t a r t Cumulative t o t a l s of escapes out 
of experiment. of the i n i t i a l 100 specimens. 

Trap mesh. Coarse mesh 

1- 11 12; 84 
2 17 92 

3 2k 93 

26 95 

2 1 81 

2-' 90-

3 92' 

93 

3 1 24 

2.' 33 

3 43 

4 51 

Table 3« Rate of escape of the d i f f e r e n t nymphal i n s t a r s of C.germari 
through n e t t i n g of d i f f e r e n t mesh s i z e s . Only those 
combinations of n e t t i n g and i n s t a r for which escapes were 
recorded are shown. 



l o o H 

9 0 H 

8 0 H 

Percentage escaped. 
7 0 H 

6 0 H 

5 0 H 

4 0 —i 

3 0 H 

20 H 

10 H 

Cn5lor.2.coor.« 

1 — \ — \ — r 
1 2 3 4 

Hours from start of experiment. 

Figure,?. Ctmiulative t o t a l s of escapes out of 

the i n i t i a l 100 specimens for each 

combination of i n s t a r and mesh s i z e . 



The l a r g e s t t r a n s v e r s e dimension of C.germari nymphs 

i s the width of the widest part of the abdomen. This dimension 

has been measured i n 32 i n d i v i d u a l s of each nymphal i n s t a r 'and the 

r e s u l t s eire shown i n Table 6 together with the mean maucimum 

dimension of the holes i n the sma l l e s t meshed n e t t i n g t h a t each 

i n s t a r has been shown to escape through. The data show that 

under the conditions of the experiment the nymphs of C.germari 

do not escape through holes narrower than t h e i r own width. 

( i i ) The f i n e mesh n e t t i n g w i l l r e t a i n a l l i n s t a r s . 

( i i i ) The trap mesh n e t t i n g w i l l r e t a i n a l l nymphal i n s t a r s 

of C.germari except i n s t a r 1, and even t h i s stage appears to f i n d 

escape d i f f i c u l t . 

( i v ) The coarse mesh n e t t i n g w i l l r e t a i n i n s t a r s 4 and 5 , 

but i n s t a r s 1 and 2 pass through i t quite r e a d i l y . Insteur 3 i s 

capable of escarping through the coarse mesh but, under the conditions 

of the experiment, i t doe^ so much more slowly than i n s t a r s 1 and 2 . 

I t i s p o s s i b l e that i n s t a r 3 might perform b e t t e r under more 

n a t u r a l co^iditions, but i t must a l s o be remembered that durijgg the 

course of a s i n g l e S.N.S. the i n s e c t s are only i n the net for a few 

seconds, whereas i n the laboratory experiment the time was measured 

i n hours. Nevertheless, f i e l d evidence i s needed to show whether 

or not the escape of i n s t a r 3 through the coarse net i s an important 

f a c t o r to consider i n s e l e c t i n g a s u i t a b l e net for sampling t h i s 

s tage. On s e v e r a l occasions during the summer of I958 20 S.N.S.s 

with a cosirse net and 20 with a f i n e net were made along the shore, 

s e c t i o n A 100 to A 3OO. The proportion of i n s t a r 3 nymphs i n each 
(•ke. AW/n^er- (/.star 3 nijinfhs 4^ a. p«.'-ce.rkta.̂ <! «j" 

of the two s e t s of samples was then found by expressing/the t o t a l 
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I n s t a r Width of abdomen a t i t s 
widest point. Mean of 32 

measurements i n mm. 
4f- 5% confidence l i m i t s . 

Largest dimension of 
net holes through which 
escape occurred. Meem of 
30 measurements * 3% 

confidence l i m i t s . 

1 1*2 * *01 1*2 + '08 

2 1*4 * '02 1*8 ^ '02 

3 1*7 * *08 I'S + '02 

4 2:* 2 * •O'f > 1 . 8 * -02 

5 2'k * 'Ok > 1 , 8 + '02 

Table 6. 



catch of i n s t a r s 3 , k and 5 i n the same s e t of samples. The 

proportions of i n s t a r s k and i n s t a r 5 were c a l c u l a t e d i n the 

same way. The r e s u l t s are shown i n Table 7 and i t can be seen 

that the d i f f e r e n t i n s t a r s are caught i n roughly the sajne 

proportions i n both nets. Thus the escape of i n s t a r 3 nymphs 

through the coarse net i s n e g l i g i b l e suid a coarse meshed net 

can therefore^ be used to estimate the abundance of t h i s stage. 

The a d u l t s were sampled with the coarse meshed net 

described on page 20. During the period A p r i l to November 1957 

f o r t n i g h t l y samples were teiken from Bsurbrook r e s e r v o i r . 1 ^ ^ ^ = : 

f f f i f ^ j j ^ ^ g ^ f On each sampling date 3 S.N.Ss. were made a t each 

s t a t i o n (apart from s t a t i o n s A -10 amd B - 1 , at each of which 

2 S.N.Ss. were made) the three S.N.Ss. a t each s t a t i o n being 

made a t points about k m. (12 f t . ) apart. During the 1958 season 

the same procedure was repeated, except that on se c t i o n A 100 to 

A 300 k S.N.Ss. were made at each s t a t i o n and sampling was ceurried 

out at weekly i n t e r v a l s . At Ramsley and L i t t l e Barbrook r e s e r v o i r s 

and at the Duckpool, random net sweeping was c a r r i e d out round the 

whole margin of each water body a t f o r t n i g h t l y i n t e r v a l s during 

1957 so that the data obtained do not give any i n d i c a t i o n of the 

abundance of the Corixidae i n these p l a c e s . During 1958, mont&|ry 

seunpling was c a r r i e d out at each of these water bodies and at 

Ramsley and L i t t l e Barbrook r e s e r v o i r s 20 S.N.Ss. v/ere made at 

d e f i n i t e points evenly spaced around the margin of each r e s e r v o i r . 

Two a d d i t i o n a l sweeps were made a t Ramsley, on each occasion, i n 

the drainage channel at the north-east corner of the r e s e r v o i r . 
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The abundemce of the nymphs on s e c t i o n A 100 to A 300 

of Barbrook r e s e r v o i r was estimated on the same dates as the 

samples of a d u l t s were taken. A l l specimens of i n s t a r s 3 . k and 5 

taken i n the coarse net were counted. I n addition, a net which had 

60 meshes per i n . (2A-/6m.) and a mouth of 8 i n . (20 cm.) diameter 

was used during the period when i n s t a r s 1 and 2 were present. About 

an hour a f t e r the coarse net ssimplUng, k S.N.Ss. pf the f i n e net 

were made a t each s t a t i o n and a l l the nymphs caught were counted. 

I d e a l l y i t would be expected t h a t , i f the two nets had d i f f e r e d 

only i n mouth diajtneter, the t o t a l coarse net catch (=C) of i n s t a r s 

3 , k and 5 and the t o t a l f i n e net catch (=iF) of those stages would" 

be i n the saime r a t i o as the areas of the mouth apertures of the 

two n e t s . The mouth apertures of the coarse and fi n e nets r e s p e c t 

i v e l y are i n the r a t i o 3:1 so that the r e l a t i o n s h i p between the t o t a l 

catches on eac~h sampling occasion should be :- C *=: 3 F. 
• 

But, i n f a c t , the smaller net a l s o has a smaller mesh s i z e than the 

l a r g e r one and might therefore be expected to cause a proportionately 

g r e a t e r amount of water r e s i s t a n c e than the l a r g e r one, hence giv i n g : -

C > 3 F 

I n p r a c t i c e , however, as Table 8 shows, the r e l a t i o n s h i p between the 

catches i s :- C *= Z F 

• 

This suggests t h a t some other f a c t o r must be considered and i t seems 

l i k e l y that t h i s f a c t o r i s the r e l a t i v e a b i l i t i e s of the tv;o nets to 

s t i r up the water, so r a i s i n g animals from eunongst the stones on the 

bottom and br i n g i n g them i n t o such a p o s i t i o n that they can be caught 

i n the net. Thus the f i n e net, with i t s f i n e r mesh s i z e and therefore 

2k. 



Date Coarse net catch/Fine net catch 

4 . 7 . 5 8 Z^2 

1 0 . 7 . 5 8 1-5 

1 8 . 7 . 5 8 11.6 

2 4 . 7 . 5 8 1-6 

1 . 8 . 5 8 2 '1 

7 . 8 . 5 8 1-8 

315.8.58 0*9 

2 1 . 8 . 5 8 Z*2 

2 9 . 8 . 5 8 2-0 

1 2 . 9 . 5 8 2*0 

1 8 . 9 . 5 8 3*3 

V" 

Table 8. T o t a l coarse net catches of i n s t a r s 3< k and 5 from 
20 S.N.Ss. / t o t a l f i n e net catches of the sajne stages 
from 20 S.N.Ss. 



proportionately g r e a i e r water r e s i s t a n c e , may catch proportionaately 

l e s s of the animals i n i t s path than does the coarse net, but t h i s 
i t s 

may be more than compensated for byoringing proportionately more 

animals i n t o i t s path than the coarse one does. 

Having obtained the nymph sample data with the two types of 

net i t i s then necessary to convert them i n t o a form whichnmaks them 

comparable with the data obtained by sampling the adults with the 

coarse net. This has been done i n two ways :-

( i ) By comparing the t o t a l catches of nymphs 3» k and 5 

i n each of the two nets on those dates when samples were taken 

with both nets. I t i s assumed that there i s a l i n e a r r e l a t i o n s h i p 

between the catches of the two nets ( r = '9^6 and P"-<*001) and the 

l i n e of best f i t i s found. This l i n e i s the r e g r e s s i o n l i n e of the 

coarsis net catches (C) upon the f i n e net catches (F) and has the 

equation :-

C - G = b ( F - F ) , where C and F are the t o t a l catches of 

i n s t a r s 3» k and 5 from 20 S.N.Ss. and C and F are mean values for 

the periiodi k. 7. 58 to l8. 9. 58. The constant b i s then c a l c u l a t e d 

from the equation :- b = ^CF/ ^ F ^ . Thus the coarse net equivalent 

C of a f i n e net catch F i s given by :-

C' = C * ^CF/ ^ F ^ ( f ' - F ) . 

The data used and the l i n e of best f i t are shown i n Figure 8. 

I f i t i s then assumed that the numbers of each of the f i v e 

i n s t a r s i n each s e t of nymph samples are proportional to the 

numbers of the d i f f e r e n t i n s t a r s i n the population sampled, i t i s 

p o s s i b l e to convert the f i n e net c a t c h of a l l i n s t a r s on each date 

i n t o i t s coarse net equivalent. 
25. 



Total cotchgs of nymphs 1.2 ond3 in fine and coarse nets with 
regression line of coarse catches upon fine. 

2 0 0 0 - H 

Fine net catctt per 
2 0 S.N.S. 

1000-H 

1000 2000 3 0 0 Q 
Coarse net catch per 20 S.N.S. 

Figure,8, 



( i i ) The percentage of the f i n e net catch forme* by 

i n s t a r s D. and 2 i s known for each sampling date and i t i s therefore 

p o s s i b l e to use t h i s and the t o t a l catches of i n s t a r s 3 i k and 5 

i n the coarse net on each date to c a l c u l a t e roughly how meuiy 

i n s t a r 1 and 2 nymphs have passed through the coarse net on each 
for 

occasion. T h i s c o r r e c t i o n f a c t o r e i i n s t a r s 1 and 2 can then 

be added on to the coarse net catch of i n s t a r s 3 , k and 5 . 

The f i g u r e s obtained by these two methods are shown i n 

Table 9 and are expressed as mean catches per S.N.Ss. i n Figure 9. 

I t i s c l e a r that there i s s u f f i c i e n t agreement between the two 

s e t s of f i g u r e s to j u s t i f y the assumption that these r e s u l t s give 

an aypropriato measure of the abundance of the nymphs throughout the 

season. 

(3 ) Trap Sampling. 

The t r a p s used were a modified v e r s i o n of the type described 

by K e l l e n (1953) . They c o n s i s t e d e s s e n t i a l l y of a box^shaped wire 

frame 10 i n . (25*4 cm.) long with a square c r o s s - s e c t i o n of 5 i n . 

(12*7 cm.)side. This framework was covered with cotton mosquito 

n e t t i n g , p r e v i o u s l y described as "trap mesh" n e t t i n g , which had 

17 meshes per i n . (7 per cm.). Each end of the trap formed a 

a funnel-shapei entrance and i n the base of the trap there was a 

sl e e v e of n e t t i n g . The general form of the framework i s shown i n 

Photograph 14, and the complete trap i s shown i n Photograph 15. 

The t r a p s i l l u s t r a t e d had s l i g h t l y d i f f e r e n t dimensions from those 

used a t Barbrook r e s e r v o i r and the dimensions of the l a t t e r are 

shown i n Figure 10 . The traps were painted with d i l u t e d bituminous 
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Date. Coarse net catob Fine net oatch Mean coarse net Mean fine net 

oorrectlon. as coarse net catcb/S.N.S. catch/S.N.S. 

(20 S . K.S.s) equivalent. 

(20 S.N.S.s) 

6 . 6 . 5 8 312 16 

9 . 6 . 5 8 458 23 

1 2 . 6 . 5 8 851 43 

2 0 . 6 . 5 8 2459 123 

2 3 . 6 . 5 8 3882 194 

2 6 . 6 . 5 8 2952 148 

4 . 7 . 5 8 5127 4260 256 213 

1 0 . 7 . 5 8 1548 2004 78 100 

1 8 . 7 . 5 8 2876 3159 144 158 

2 4 . 7 . 5 8 4080 4597 204 230 

1 . 8 . 5 8 8029 6604 401 330 

7 . 8 . 5 8 4655 4433 233 222 

1 5 . 8 . 5 8 2116 3890 106 195 

2 1 . 8 . 5 8 .2220 1811 111 91 

2 9 . 8 . 5 8 1694 1507 85 75 

4 . 9 . 5 8 1170 - 59 -
1 2 . 9 . 5 8 1600 1096 80 55 

1 8 . 9 . B 8 791 958 40 48 

2 6 . 9 . 5 8 638 32 

2 . 1 0 . 5 8 276 14 

8 . 1 0 . 5 8 123 6 

9 . 1 0 . 6 8 172 9 

1 0 . 1 0 . 5 8 141 7 

1 1 . 1 0 . 5 8 133 7 

1 3 . 1 0 . 5 8 54 3 

1 4 . 1 0 . 5 8 63 3 

1 5 . 1 0 . 5 8 42 2 

1 6 . 1 0 . 5 8 25 1 

2 0 . 1 0 . 5 8 22 1 

2 1 . 1 0 . 5 8 18 1 

TABLE.9. 



Mean catches of nymphs per S.N.S. during 1958. 

O O Fine net c a t c h e s converted to 
c o a r s e net equivalents. 400 H 

- • C o o r s e net catches corrected 
tor loss ot instars I and 2. 

Meon ca tch per S.N.S. 

June. July. August 

Date - I 9S8 . 

September. 

Figure.9 , 



Ihotograph,14. Trap frame. 

Ehotograph,15, Completed trap. 



MEDIAN LONGITUDINAL SECTION OF TRAP. 

10 ia 

Entry • 
funnel. j» I in. 

2 in. 

Base 
sleeve. 

lOin. 

Sin. 

5 in. 

Figure,lO; 



p a i n t t o give a brovmish-black colouration aad t o provide 

p r o t e c t i o n against corrosion. The base sleeve served as a means 

of removing the catch from the t t a p and, during operation, the 

t r a p was weighted by p l a c i n g a stone i n the sleeve and then t y i n g 

pieces of s t r i n g t i g h t l y round the sleeve above and belbw the stone. 

The method of p o s i t i o n i n g the traps i s shown i n Figure 11, 

The t r a p (c) r e s t s on the substratum w i t h i t s long axis p a r a l l e l 

to the water's edge. A piece of nylon f i s h i n g l i n e connects the 

top of the tr a p t o a small cork f l o a t ( a ) . The length of the 

l i n e between the t r a p and t h i s f l o a t i s such t h a t when the depth 

f l o a t (a) j u s t reaches the water surface the trap i s operating 

at the required depth. A marker f l o a t (b) i s attached to the 

depth f l o a t (a) by about I'5 (̂ '5 f t . ) of l i n e so tha t the t r a p 

can be located even when a r i s e i n water l e v e l causes f l o a t (a) 

to be submerged. 

When p l a c i n g the traps i n p o s i t i o n , the marker f l o a t (b) 
SI 

was attached toji^wire hook on the end of a long bamboo pole. 

The pole was used t o swing the t r a p so as to enter the water at a 

po i n t beyond the depth at which i t was intended to operate i t . 

The t r a p was then hauled slowly towards the shore u n t i l i t reached; 

a p o i n t where the depth f l o a t (a) j u s t broke the water surface 

i f the l i n e between f l o a t s (a) and (b) was allowed to go slack. 

The hook was then disengaged from f l o a t ( b ) . During t h i s 

h a u l i n g - i n process the water resistsmce forces operating on the 

t r a p were such as to cause the t r a p to o r i e n t a t e i t s e l f w i t h i t s 

long axis p a r a l l e l to the water's edge. 
27. 
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Figure.11; 



During 1958 fourteen traps were operated at a depth 

of 1*0 m. on section A 100 to A 500 of Barbrook r e s e r v o i r , the 

traps being evenly spaced along the portions of shore l i n e between 

the net seimpling s t a t i o n s . Between s t a t i o n s A 200 and A 250 t h i s 

l i n e of traps was i n t e r s e c t e d by two other l i n e s of seven traps 

each. These l a t t e r two l i n e s extended down the stony bank from 

0*33 m. (1 f t . ) t o 2'33 m. (7 f t . ) , the traps being placed at 

depth i n t e r v a l s of 0*33 m. (1 f t . ) . 

The time i n t e r v a l between successive occasions of 

emptying the traps a l t e r n a t e d between s i x and eight days and on 

each occasion the catch i n the traps at one metre depth was 

expressed by f i n d i n g the mean catch per day i n each trap and then 

combining the r e s u l t s f o r the i n d i v i d u a l traps by c a l c u l a t i n g the 

mean catch per t r a p per day. 

In s p i t e of severe wave action on some occasions during 

1958 i t was found t h a t these traps held t h e i r p o s i t i o n s very w e l l . 

The traps at 0»33 ni. (1 f t . ) suffered! serious t e a r i n g and abrasion 

of the n e t t i n g under such conditions but the other traps suffered 

very l i t t l e damage of t h i s type. 

The r e s u l t s obtained w i t h the fourteen traps a t 1.0 m. (3 f t . ) 

depth are shown i n Table 10 and the data obtained ffom the other 

traps w i l l be considered l a t e r . Table 10 shows t h a t there was 

considerable v a r i a t i o n i n the t r a p catches during the spring and early 

summee., a period when the net catches from section A 100 to A 300 were 

f a i r l y constant from one week to the next (See Table 51). I t also 

shows t h a t the catch per trap per day of adults during a single 

t r a p p i n g p e r i o d i n the autumn was smaller than the values given 

28. 



Date emptied. Days trapping. Mean catch/trap/day 
+• 3% confidence 
l i m i t s . 

Water temperature 
on day of emptying 
(°C) 

2A,3S 6 6*7 +; 2'43 4-5 

11.4.58 8 2*3 i 1*41 4-5 

17.4.58 6 9*6 5-93 5*5 

25.4.58 8 27*2 + 4*44 8-0 

1.5.58 6 25.6 * 6«90 10*5 

9.5.58 8 39*4 + 5.43 11*5 

15.5.58 6 25-6 +^7-12 11-5 

23.4.58 8 9'0 +- 2*55 11-5 

29.5.58 6 14.4 * 5.13 11-5 

6.6.58 8 20*6 +_5*23 15*0 

12.6.58 6 15*3 i3-05 11*5 

20,6.58 8 38'8 * 6*44 14-5 

26.6.58 6 16*0 * 3*22 14-0 

23.10.58 7 16.7 ± 2*65 10-0 

Table 10. Trap catches at I'O m. (3 f t . ) depth, 1958. 



during sebueral of the spri n g - summer trapping periods, whereas 

the net catches i n autumn were considerably l a r g e r than those taiken 

i n the sp r i n g and early summer. I t i s l i k e l y that these major 

discrepancies feetween the r e s u l t s obtained by trapping and n e t t i n g 

are a r e s u l t of the f a c t t h a t the tr a p catches are biased by the 

a c t i v i t y of the insects t o a much greater extent thaui the net catches 

are. The f a c t o r s l i k e l y to influence the tr a p catches are 

( i ) the abundance of the Corixidae. 

( i i ) V a r i a t i o n i n death r a t e w i t h i n the traps:- I t was noted 

t h a t on most occasions almost a l l the Corixidae removed from the 

traps were s t i l l a l i v e and a c t i v e . I t was only on 5.6.58, 19.6.58 

and 25.6,58 when the water temperature was above 13°C t h a t most of 

the animals removed from the traps were dead. Differences i n death 

r a t e w i t h i n the traps as a r e s u l t of temperature f l u c t u a t i o n may be a 

f r u i t f u l source of variation i n trap catch, since the sooner ein 

animal dies i n the t r a p the smaller are i t s changes of escaping 

again. 

( i i i ) Short term changes i n the environment:- Changes i n 

temperature w i l l cause changes i n metabolilc r a t e and wave ac t i o n 

probably causes chsingesB i n the a c t i v i t y and m i c r o d i s t r i b u t i o n of 

the Corixidae. Phenomena of t h i s type would cause i r r e g u l a r i t i e s 

i n the t r a p catches, 

(iv) Seasonal changes i n the type of amount of a c t i v i t y 

shown by the Corixidae:- The catches obtained by most a c t i v i t y 

samplers (e.g. P i t f a l l traps f o r t e r r e s t r i a l Coleoptera - G i l b e r t 1958) 

are g r e a t l y i n f l u e n c e d by the general and i n p a r t i c u l a r the sexual 
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behaviour of the animals. Table 11 shows the percentage of males 

i n the t r a p and net samples f o r comparable dates i n 1958. This shows 

t h a t most of the net samples contained kO t o 60% of males except on 

those occasions when there was severe wave a c t i o n on section &. 100 

to A 300. The t r a p samples, howeverq;! contained 70 to 85% of malesr 

on almost a l l occasions during the spring and e a r l y summer but only 

i n the autumn sample. The very high percentage of males i n the 

t r a p catches during the copulation eind o v i p o s i t i o n period are 

probably due to the females spending more time ajnongst the stones 

of the substratum i n order to o v i p o s i t and hence being less l i k e l y 

to f i n d t h e i r way i n t o the traps than the males. I t i s also 

possible that behavioural p e c u l i a r i t i e s of the males during the 

copulation period make them more prone to being caught i n traps 

during t h a t period than at other times of the yeeir. I n amy case, 

the r e s u l t s obtained by the traps appear to be g r e a t l y biased 

by the intense reproductive a c t i v i t y ^hich occurs during the spring 

and e a r l y summer. 

V/ith such a v a r i e t y of f a c t o r s i n f l u e n c i n g them i t i s 

not s u r p r i s i n g t h a t the t r a p catches do not bear much r e l a t i o n to 

the abundance of the animals as determined by net sampling. 

Kellen (1953) used these traps i n sewage oxidation ponds 

i n C a l i f o r n i a and claimed t h a t i f they were kept clean of mud and 

alga and were t o t a l l y submerged during operation they could be 

used to estimate q u a l i t a t i v e and q u a n t i t a t i v e changes i n population 

density. The r e s u l t s shown above in d i c a t e that t h i s was not the 

case i n Barbrook r e s e r v o i r . T l i e may be a r e s u l t of differences 
i n (3 between the sampliifg conditions at B a r b r o c ^ i n Kellen's ponds. 
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Date of emptying. % males i n t r a p catches 
* 3% confidence l i m i t s . 

% males i n net catches 
* 3% confidence l i m i t s 

• 2.4.58 72 * 3-8 61 * 18-8 
•11,4.58 64 +; 6*0 69 * 12'0 
17.4.58 74 * 3*2 52' * 7*8 
25.4.58 84 * 1-4 46 * 7*2-

1.5.58 83 * 1*6 63 * 6*4 
9.5.58 84 + 1-1 54 + 6-8 

15.5.58 82 + 1*7 58 + 6-4 
23.5.58 77 2*7 57 ± 7'0 
29.5.58 83 *• 2*2 60 * 6*6 
* 6.6.58 83 * 1-5 68 + 12.8 
12.6.58 73 1 2.5 44 * 7.0 
20.6.58 71 + 1*4 56 + 9*6 
26.6,58 67 + 2*6 72 + 9-2 

23.10,58 44 * 2*5 52: + 1'4 

* Denotes dates when there was severe wave act i o n on section 
A 100 to A 300, 

Table 11, Percentages of males i n trap and net samples during I958. 



The most obvious d i f l f e r e n c e s that may be relevant are:-

a) Kellen's pools probably had a lower oxygen tension and 

higher temperatures than Barbrook r e s e r v o i r . This would' 

exp l a i n wHy Kellen found t h a t h i s animals were "quickly 

drowned" i n the t r a p s , whereas at Barbrook the Corixidae were 

gen e r a l l y able to survive i n the traps f o r several days. 

(b) D i f f e r e n t species of Corixidae were concerned i n the 

two studies and i t i s possible that there i s s p e c i f i c v a r i a t i o n 

i n amenability t o t r a p sampling. 

(c) Dr. Kellen states (personal communication) t h a t , i n h i s 

pools, the free swimming insects were confined to a narrow zone 

of submerged grass around the pool margins. This suggests that 

h i s pools s u f f e r e d very l i t t l e severe wave a c t i o n and t h i s too 

would help to exp l a i n why h i s traps gave less v a r i a b l e r e s u l t s 

than the ones at Barbrook. 

The work of Popham (19^1, 19^3«) on backgroxind selection by 

Corixidae suggests tha^ the colour of the traps might a f f e c t t h e i r 

e f f i c i e n c y . This p o s s i b i l i t y has been i n v e s t i g a t e d on a small 

scale by c a r r y i n g out p a r a l l e l trapping w i t h two pedrs of trap s , 

one p a i r painted white sind the other p a i r black. These traps were 
of 

operated over s i x periodsyfrom 5 to 9 days on section A 100 t o 

A.300, d i f f e r e n t parts of t h i s section of shore being used on each 

occasion. The r e s u l t s (Table 12) show t h a t , w i t h the exception of 

a s i n g l e occasion when there was no s i g n i f i c a n t d i fferen~ce between 

the t o t a l catches i n black and white p a i r s of t r a p s , the combined 

catch of the black traps was s i g n i f i c a n t l y higher thsin the combined 

catch of the white t r a p s . I t would therefore' appear t h a t the 
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Date of emptying 
t r a p s . 

Days trapping. Trap catches. Pr o b a b i l i t y Date of emptying 
t r a p s . 

Days trapping. 

Black. White:. 

2.4.58 6 76 77 > '90 
16,4.58 6 200 39 <; '001 
16.9.58 5 109 7 <.'001 

25.9.58 9 468 164 <Z'001 
1.10.58 6 257 92 <^'001 

9.10.58 8 229 105 <^'001 

Table 12. Comparison of catches between black and white traps. 
The t o t a l catch f o r each p a i r of traps during each 
tr a p p i n g period i s shown. These t o t a l s have then been 
compared by a Chi-squared method and the corresponding 
p r o b a b i l i t i e s are shown above. 



colour of the t r a p does a f f e c t i t s e f f i c i e n c y and, i f t h i s i s 

due to the background s e l e c t i o n behaviour described by Popham, 

i t seems l i k e l y t h a t the colour of the traps w i l l also influence the 

species composition of t r a p catches from mixed populations. 

(4) D i r e c t counting. 

O v i p o s i t i o n s i t e preferences and the abundancd and 

moitalty of the eggs were studied during 1958 by d i r e c t counting 

of the eggs on s i t e s selected at random from the shore and on 

" a r t i f i c i a l " s i t e s placed i n the r e s e r v o i r and examined at 

i n t e r v a l s of seven days. The techniques employed ahd thB 

methods used t o r e l a t e the data obtained t o the net sweep data 

f o r nymphs and ad u l t s w i l l be describee^ i n l a t e r sections of 

t h i s account. 
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mi. COPIXID SPECIES FOUND IN THE WATER BODIES. 

C o r i x i d species l i s t s f o r the four water bodies are shown 
i n Table 13, which also shows the t o t a l number of i n d i v i d u a l s of 
each species taken from each water body during net sampling i n 
1957 and 1958, C,concinna and C. panzdri are additions to the 
l i s t f o r Derbyshire given by Massee (1955), 

Tables 14 and 15 show the species analyses of the net 

samples from the whole of Barbrook r e s e r v o i r during 1957 and 1958 

r e s p e c t i v e l y . The i d e n t i f i c a t i o n s are according to Macsm (I956), 

These tables show t h a t , during both years, only a very small 

percentage of the Corixidae present belongdd to species other 

than Cgermari. Comparison of the species t o t a l s f o r the r e s e r v o i r 

as a whole and f o r s t a t i o n "Delta" shows t h a t the m a j o r i t y of the 

specimens belonging to species other them Cgermari were c o l l e c t e d 

at s t a t i o n "Delta". I t w i l l also be noted t h a t Glaenocorisa 

propinqua was never found at "Delta". 

G. 

Apart from Cgermari, only four species,-propinqiiaj].wollastoni, 

C,punctata and C.praeusta- were represented by more than nine 

specimens during a si n g l e year. The nymphs of C.punctata can be 

dis t i n g u i s h e d on size characters and those of G.propinqua are ea s i l y 

picked-out on account of t h e i r large protruberant eyes and various 

other characters (Walton 1943). Nymphs of both these species have 

been found i n Barbrook: r e s e r v o i r . During the autumn of 1958 teneral 

a d u l t s of C. w o l l a s t o n i were found at s t a t i o n "Delta" and as these 

pale, s o f t specimens could hardly have flown there i t i s reasonable 

to conclude t h a t they had developed from eggs l a i d i n the re s e r v o i r . 
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Speolea. Barbrook. Ramsley. L i t t l e Barbrook. Duckpool. 

C.germarl (Pleb.) 30889 360 683 
O.proplnqua (Fleb) 184 48 2 
C.wollastonl (D & S) 68 14 26 421 
C.praeusta (Pleb.) 82 12 56 I S 
C.doraalla Leaoh. 3 6 27 1 
C.punctata ( I l l l g . ) 20 24 43 13 
C.oanoinna (Fleb.) 2 1 1 
C . l a t e r a l i s (Leaoh.) 2 8 15 3 
C.sahlbergl (Fleb.) 5 1 8 2 
C.nlgrollneata (Fleb.) 6 3 44 33 
C.veouata (D & 3) 6 61 1 
C . d i s t l n o t a (Pleb.) 2 6 2 
C.panzerl (Fleb.) 1 1 

C . l i n n e l (Fleb.) 6 1 

C.oaatanea (Thoma.) 1 2 
C . l l m l t a t a (Fleb.) 2 

C.foasaruffl (Leach.) 2 1 
C . f a l l e n l (Fleb.) 1 
Cy.bonadorff1 (C.Sahib.) 1 1 
C.dentlpes (Thorns.) 2 

C . s c o t t l (D & 3) 1 

T o t a l I n d l a l d u a l s . 31254 489 826 499 

T o t a l speolea. 12 16 17 12 

TABLE.13. Species l i s t s for the four water bodies,together with the 

t o t a l nunber of each species oaught In the net samples at 

each water body during 1957 qnd 1958. 



Date. 

3.4.57. 

17.4.57. 

1.5.57. 

15.5.57. 

29.5.57. 

12.6.57. 

26.6.57. 

10.7.57. 

24.7.57. 

7.8.57. 

21.8.57. 

4.9.57. 

18.9.57. 

2.10.57. 

16.10.57. 

30.10.57. 

13.11.57. 

24.12.57. 

147 

171 

198 

189 

103 

228 

72 

7 

27 

133 

529 

521 

734 

1319 

1500 

1439 

115 

571 

1 

1 
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2 

2 
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1 
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9'7 

6.5 

13.3 

22*0 

3.7 

12»0 

0.7 

0.4 

0 

0 

O'l 

0.1 

0.1 

0 

T o t a l s . 

Totals from 

St.Delta. 

8002 

435 

33 17 

10 

61 

32 

1-3 

9'6 

TABLE.14. Species analyses of the 1957 net samples from Barbrook 

reservoir,together with totals of each species taken 

from the whole rese r v o i r and from s t a t i o n Delta. 
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ge

rm
ar

i.
 

20.1.58. 192 0 

28.3.58. 277 2 0*1 

11.4.58. 164 0 

25.4.58. 304 1 6 2.2 

9s 5 a 58* 359 2 3 2 2-0 

23.5.58. 415 1 0*2 

6.6.58. 283 1 3 6 3'5 

4.7.58. 581 2 2 1 1 I'O 
18.7.58. 212 5 1 3*0 
1.8.58, 117 1 1 2*0 

15.8.58. 80 7 1 9'0 
29.8.58. 272 1 7 3«0 
12.9.58. 419 1 2 3 1 1*5 

26.9.58. • 1506 4 14 7 1 • 1*7 
10.10.58. 1725 22 16 2 1 I'O 

To t a l s . 

Totals from 

6906 40 49 14 21 1 1 1 3 1 2*0 

St.Delta. 360 0 40 11 9 0 0 1 0 0 14.5 

TABLE.15, Species analyses of the 1958 net samples from Barbrook 

r e s e r v o i r on those dates when samples were taken from 

a l l stations,together with t o t a l s of each species taken 

from the whole r e s e r v o i r and from s t a t i o n Delta. 



During both 1957 and 1958, t e n e r a l adults of G.propinqua were 

found i n Barbrook r e s e r v o i r . Thus i t would appear that 

C,wollastoni and G.propinqua are able to complete t h e i r l i f e 

cycle i n Barbrook r e s e r v o i r sind that C.punctata breeds there, 

though i t i s not c l e a r whether the nymphs produced reach maturity 

or whether the adults talcen i n the autumn have flown i n from 

elsewhere. C.praeusta was represented by 6 l specimens i n 1957 

and by 21 i n 1958 but no t e n e r a l adults were found i n e i t h e r year, 

so the status of t h i s species i n the r e s e r v o i r must remain obscure. 

The r e s t of the species found i n Barbrook r e s e r v o i r were almost 

c e r t a i n l y extraneous species t h a t had flown i n from other h a b i t a t s . 

I n general, Barbrook r e s e r v o i r represents a much more 

imiform h a b i t a t and one w i t h a much poorer substratum than most 

n a t u r a l water bodies. I t i s not therefore s u r p r i s i n g t h a t , so f a r 

as the Corixidae are concerned, i t should approximate to a 

monospecific c u l t u r e - having a very marked numerical predominance 

of C.germari i n a l l p a r t s , together w i t h a r e l a t i v e l y small number 

of G.propinqua l i v i n g and breeding i n the open water regions and 

a few other species managing to l i v e and complete t h e i r l i f e cycles 

i n the r e s t r i c t e d area around s t a t i o n "Delta" which has much denser 

ve g e t a t i o n , a substratum r i c h e r i n organic m a t e r i a l and considerably 

le s s wave ac t i o n than the r e s t of the r e s e r v o i r . 

Similar species analyses are shown f o r Ramsley r e s e r v o i r i n 

Tables l6 and I ? . Table 17 shows tha t G.propinqua was found i n the 

open water areas and never i n the s t i l l e r , densely vegetated north 

east i n f l o w chemnel characterised by s t a t i o n s "a" and "b". This table 
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2.4.57. 33 2 1 1 1 1 18 

16.4.57. 24 6 6 1 2 2 1 36 

30.4.57. 21 4 3 3 1 . 1 2 2 1 46 

14.5.57. 30 1 2 9 

28.5.57. 42 1 2 

11.6.57. 42 0 

25.6.57. 31 0 

9.7.57. 3 0 

23.7.57. 3 0 

6.8.57. 1 1 60 

20.8.57. 4 0 

3.9.57i 5 1 17 

19.9.57. 4 0 

15.10.57. 4 1 2 1 50 

31.10.57. 2 1 1 60 

T o t a l s . 249 3 13 9 8 66 4 3 3 2 1 21 

TABtB.16. Species analyses of 1957 net samples from Rams ley 

r e s e r v o l r . 



Date. 
o e 

14.4.58. 

12.5.58. 

7.6.58. 

7.7.58. 

5.8.58. 

30.8.58. 

30.9.58. 

21.10.58. 

21 

12 

10 

12 

6 

14 

36 

9 

33 

36 

28 

16 

IS 

100 

M 

63 

51 

T o t a l s . M l 46 

T o t a l * toti 
S t s . a & b. 30 

16 

14 

42 

TABLB.17. Species analyses of the 1958 net samples from Ramsley 

r e s e r v o i r (Inoludlng s t a t i o n s a k b.),together with 

t o t a l s of eaoh speoies from the whole r e s e r v o i r 

(Inoludlng s t a t i o n s a & b.) and from sta t i o n s a & b. 



also shows t h a t the m a j o r i t y of the specimens other than 

C.germari and G.propinqua were taken from t h i s channel. 

Nymphs and t e n e r a l adults of C.Kermari. G.propinqua and 

C,punctata have been found i n t h i s r e s e r v o i r , the nymphs of 

G, propinqua being f a i r l y abundant i n 1958. The other species 

cam probably be regarded as extraneous. The most obvious 

d i f f e r e n c e between the c o r i x i d faunas of Barbrook and Ramsley 

r e s e r v o i r s i s the f a c t t h a t i n the Ramsley seimples a much 

smaller p r o p o r t i o n of the specimens belonged to the species 

C.germari. 

The net samples from L i t t l e Barbrook r e s e r v o i r are 

analysed i n Tables l 8 and 19. The main features of the 1957 

data are t h ^ e l a t i v e l y . large number of species found and the 

r e l a t i v e l y small p r o p o r t i o n of the t o t a l catch formed by C.germari. 

The main reason f o r t h i s i s probably the f a c t t h a t during the 

drought of 1957 the r e s e r v o i r was reduced to a very small, shallow 

pool between 28.5.57 and 11.6,57i a f t e r which the water l e v e l rose 

a l i t t l e , only t o f a l l again so that the r e s e r v o i r almost dried up 

completely between 23.7.57 and 6.8.57. A f t e r t h i s the r e s e r v o i r 

f i l l e d up again. Thas, on two occasions during 1957, the r e s e r v o i r 

v i r t u a l l y ceased to e x i s t , most of the ad u l t s and nymphs present 

disappeared £ind subsequent repopulation presumably took place as 

a r e s u l t of Corixidae f l y i n g i n . 

The very small numbers of G.propinqua taken from L i t t l e 

Barbrook r e s e r v o i r during both years f u r t h e r emphasises the f a c t 

t h a t t h i s species does not o f t e n appear i n places where t h e r e i s a 

muddy substratum and f a i r l y dense vegetation. 
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14.4,58. 

12.5.58. 

7.6.58. 

7.7.58. 

5.8.58. 

30.8.58. 

30.9,58. 

21.10.58. 

17 

12 

14 

136 

9 

1 

1 

1 

1 

2 

1 

133 

86 

31 14 

1 

1 

3 

1 

1 

45 

20 

12 

2 

0 

3 

S 

42 

T o t a l s . 433 22 17 12 

TABLE.19. S p e c i e s a n a l y s e s of the 1958 n e t samples from L i t t l e 

Barbrook r e s e r v o i r . 



During 1958 fewer specimens were taken and C.germari 

formed a l a r g e r p r o p o r t i o n of the catch. Nymphs and t e n e r a l 

a d u l t s of C.germari, C.punctata and C.dentipes were taken from 

t h i s r e s e r v o i r , showing th a t these three species are able to 

complete t h e i r l i f e cycles there. 

C.venustarwas found i n L i t t l e Barbrook r e s e r v o i r during 

J u l y , August and September 195^ and formediabout 20% of the 

Corixidae i n the 1957 samples. The nymphs of t h i s species can be 

dis t i n g u i s h e d from those of most other species, except C . s c o t t i 

and C. fossarum by t h e i r smsill size and the f a c t that the dorsal 

surface of the abdomen bears a pa t t e r n of f i v e l o n g i t u d i n a l bands 

of brown on a paler background. Such nymphs were found i n the 

r e s e r v o i r during the spring of 1957 but disappeared during the 

drought of that year. No adults were found during the autumn of 

1957 or during the 1958 season. I t would therefore seem l i l c e l y 

t h a t t h i s species i s capable of completing i t s l i f e cycle i n 

L i t t l e Barbrook r e s e r v o i r , but tha t i t was eliminated during the 

1957 drought and had not recolonised the re s e r v o i r by the end of 

the 1958 season. 

The f i l t e r s below Barbrook r e s e r v o i r are washed out each 

morning sind, during the summer months, i n the evenings as w e l l . 

The f i l t e r washings pass i n t o twor.'small s e t t l i n g tanks and the water 

from these tanks then passes i n t o Bar brook and hence to l i t t l e 

Barbrook r e s e r v o i r . On each of eleven evenings during 1957 a net 

of 20 meshes per inch (8 meshes per cm.) was f i x e d i n a standard 

p o s i t i o n i n the concrete channel which c a r r i e s the washings i n t o 
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the s e t t l i n g tanks and was l e f t there u n t i l a f t e r the f i l t e r 

washing of the f o l l o w i n g morning. The numberB/ of Cgermaxi 

taken i n t h i s net are shown i n Table 20. Many of these insects were 

a l i v e £ind active when removed from the net and i t seems l i k e l y 

t h a t these net catches- represent only a small proportion of the 

Corixidae i n the f i l t e r washings. Thus the numbers of C.germari 

i n L i t t l e Barbrook r e s e r v o i r eu:e probably augmented by a f a i r l y 

steady flow of specimens coming from Baa^brook r e s e r v o i r v i a the 

f i l t e r s , though i t i s not possible to assess the importance of 

t h i s i n maintaingi the abundance of C.germari i n L i t t l e Barbrook 

r e s e r v o i r . 

Tables 21 and 22 show the species composition of the 

net samples from the Duckpool on Big Moor i n 1957 and 1958. The 

samples are f a i r l y t y p i c a l of small peat pools on the south 

eastern Pennines at a l t i t u d e s of about 1,000 f t . (395 m.), i n that 

the commonest species i s C.wollastoni w i t h C.nigrolineata and 

C.punctata present i n smaller numbers and w i t h a number of other 

species t u r n i n g up occasionally, probably having flown i n from 

elsewhere. 
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Date Nymph 3 . Nymph 4. Nymph 5. Adults. 
Y 

Totals. 

27.6.57 13 7 20 

11.7 .5? 38 15 1 1. 55 

25.7.57 7 25 23 k 64 

8.8.57 13 13 32 57 119 

22.8.57 6 30 123 159 

5.9.57 1 8 9 

19.9.57 1 2- 3 

3.10.57 2: 2> 

17.10.57 32 32 

3L.10.57 13 13 

Ik. 11.57 100 100 

Table 20. Samples taken from the f i l t e r washings i n 1957. 
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C.
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ni
. 

28.3.57. 19 1 1 - 10 

4.4.57. 26 1 3 13 

18.4.57. 12 1 1 1 20 

2.5.57. 21 1 2 12 

16.5.57. 16 1 6 

30.5.57. 12 4 1 29 

13.6.57. 14 4 1 1 1- 1 33 

27.6.57. 7 7 50 

11.7.57. 2 0 

25.7.57. 20 0 

8.8.57. 7 0 

22.8.57. 5 1 17 

5.9.57. 28 0 

17.9.57. 15 2 11 

3.10.57. 18 2 10 

15.10.57. 28 2 1 10 

29.10.57. 24 2 1 1 1 17 

12.11.57 10 1 1 2 33 

T o t a l s . 284 28 9 4 3 2 2 1 1 1 16 

TABLE.21. Species analyses of the 1957 net samples from the 
Duckpool on Big Moor. 
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. 

15.4.58. 20 3 1 2 23 

13.5.58. 4 1 1 33 

3,7.58. 5 3 2 2 1 62 

4.8.58. 2 0 

1,9.58. 34 3 8 

2 9»9•S8« 47 1 1 4 

20.10.58. 27 0 

Totals. 137 5 4 9 2 1 13 

TABLE.22. Species analyses of the 1958 net samples from the 

Duckpool on Big Moor. 



IX. OTHER ANIMALS FOUND IN THE RESERVOIRS. 

The animals other thsin Corixidae that have been 

i d e n t i f i e d from each of the r e s e r v o i r s are l i s t e d i n Table 23. 

Those: species or groups v/hich were considered, on subjective 

grounds, t o form numerically important components of the 

fauna are i n d i c a t e d . I t must, however, be noted t h a t the 

numerical abundance a t t a i n e d by a beetle species so in d i c a t e d 

w i l l not be comparable to tha t of a small animal such as a 

copepod t h a t has been s i m i l a r l y i n d i c a t e d . I t must also be 

noted t h a t the species l i s t s are not s t r i c t l y comparable between 

r e s e r v o i r s because considerably more c o l l e c t i n g was done at 

Barbrook r e s e r v o i r than a t the other two and no attempt was made 

to o b t a i n adequate l i s t s of such small organisms as Cladocera 

and Copepoda f o r the Ramsley and L i t t l e Barbrook r e s e r v o i r s . 

Table 2k shows the t o t a l numbers of the various larger 

animals c o l l e c t e d from Ramsley and L i t t l e Barbrook reservoirs 

during net sampling i n 1958. Most of the species recorded from 

Ramsley r e s e r v o i r were found i n the north east drainage channel 

( s t a t i o n s "a" and "b") and i n the samples from the r e s t of the 

r e s e r v o i r only the beetle Deronectes 12-pustulatus and the caddis 

lar v a e can be considered r e l a t i v e l y common. I n L i t t l e Barbrook 

r e s e r v o i r the various aquatic larvae appear to be the most abundant 

of the l a r g e r animals. 

The numbers of la r g e r animals taken i n the coarse net from 

Barbrook r e s e r v o i r on a l l those occasions during 1957 and 1958 when 

samples were taken from a l l s t a t i o n s are shown i n Table 25. Water 
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BAhBROOK. LITTLE BARBROOK. hAMSLKY 
O.COLEOPTKRA. 
Agabufl nebulosua.Fore t . » X 
AjblpuatulatM.Linnaoufl. X 
A.aturmll.OYll. X 
A.chfllconatufl.Panz. X 
A.guttatus.Payk. 
Colywbetes fuacua.Linnaeus. X 
Deronectea 12-pustulatufl.Pah. » X 
D.elegans.Panz. X 
Oreodytea r l v a l i s . G v l l . X 
tjtydroporus.. p a l u s t r l s . Llnna eus. X 
Platambua maoulatus.Linnaeua. X 
Haliplua iramaeulatua.r.ftrh. 
Qyrinua natator.Linna eus. X 
Dytiscus marffinallfl .Llnnatus. 
Helophorua aquaticua.Llnnaeua. (X) 
H.flavlpes.Pab. (X) 
iLbr e v l p a l p l s . P e d . 
Anacaena globulus.Payk. 
Hydroblus fuaclp^a.Linnaeua. 
Hydradephaga l a r v a e . » X 
Dytiacua ap.larvae. 
O.HEMIPTERA. 
Notoneeta obliq^a.r.ftn. X 
Notonecta ap.nymphs. x 
OTHER INSECTS. 
Nemoura oinerea (Retz. )nymph<i. X 
Ply'yganea_grandl8(?).L. l a r v a e . X 
P.varia.Fab.larvae. X 
Plectrocnemia conspersa.Curtia . i H r i r Q . . , x 
S i a l i a l u t a r i a . L . l a r v n a , X 
Coenagrion puella.(L).nympha. 
Pyrrhoaoma nvmphula (Sulzer)nyiiipha. 
Aeachna lunceafLjnymphH. 
Chironomus anthracinua.Zett.larvftn^ » x 

PH.ROTIPERA. 
Brachionua uroeolaria.O.P.Mullnr. » x 

S.PH.OTDSTACEA. 
Chydorus Bi)haericus.(O.F.MullHr.) » 
Cyclops vemalia.Piaehat.. » 

CL.ARACHNIDA. 
Hydrozetes lacufltplii./mrh«.«T) 
PH.ANNELIDA. 
Lumbriculus variepatus.(Mihl«r), » 

3.PH.VERTEBRATA. 
Larvae of Rana and Bufo. 
T r i t n r u s ap. and l a r v a e . 

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 Cenotes presence. 
(Z)Shows that the epeoles concerned was found only at st a t i o n Delta 

In the case of Barbrook r e s e r v o i r or at s t a t i o n s " a " and "b" i n 
the case of Ramsley r e s e r v o i r . 

Speoies considered to form a numerioaliy ImportaDt component of 
the fauna of eaoh r e s e r v o i r are indicated by an a s t e r i s k . 

TABU).23. L i s t of apeoles found i n eaoh r e s e r v o i r . 



SPECIES. IITTLE BARBROOK. RAMSLEY. SPECIES. IITTLE BARBROOK. 

Whole reservoir 

including S t s . 

a & b. 

Sts .a & b. 

Dytlscus marginalia. 1 2 2 
Agabua bipustulatus. 5 6 6 
D.12.pus t u l a t u s . 104 15 

Hydroporiis p a l u s t r i s . 2 9 9 
Ualiplus immaculatus. 1 

Oyrlnus natator. 9 1 1 

I l y b l u s f u l i g i n o s u s . 1 

Helophorus f l a v i p e s . 1 

Hydroblus fuscipes. 2 1 

{{ydradephaga larvae. 23 13 10 

S l a l l s larvae. 9 4 

Phryganea larvae. 6 10 1 

Plectrocnemia larvae. 5 6 1 

Neraoura larvae. 8 4 1 
Coenagrion nymphs. 1 

t 
1 

Notoneota obllqua. 1 1 

Notonecta nymphs. 3 6 6 

Triturus sp. adults. 1 1 

Triturus sp. larvae. 25 25 

Total I n d i v i d u a l s . 74 195 81 

TABLE.24. Animals other than Corijcidae collected i n seven sets of 

20 3.N.S.8 of the coarse not at L i t t l e Barbrook reservoir 

and seven sets of 22 S.N.3.a at Ramsley res ervolr,during 

1958. 



Date. 

3.4.57. 
17.4.57. 
I . 5.57. 
15.5.57. 
29.5.57. 
12.6.57. 
26.6.57. 
10.7.57. 
24.7.57. 
21.8.57. 
4.9.57. 
18.9.57. 
30.10.57. 
13.11.57. 
24.11.57. 
28.3.58. 

I I . 4.58. 
25.4.58. 
9,5.58. 
23.5.58. 
6 cSS* 
4.7.58. 
18.7.58. 
1.8.58. 
15.8.58. 
29.8.58. 
12.9.58. 

I 26.9.58. 
10.10.56. 

I Totals. 
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9 

2 

1 
1 
1 
2 
5 
I 

1 
I 29 
8 
4 

0) 
to 
t o 
a 
XI 

1 
3 
9 

31 
64 
10 
4 

12 
2 

43 
32 
20 
16 
17 
15 
9 

12 
63 297 

•p 

•< 

3 
1 

1 
2 
13 

•p 

I 

3 
2 

16 

to 

6 

•rt 
CO 

o 
0 

I 
o 
•a 

o 
e 
o 

I ' 
« •p o o C o •p o 

1 
1 
1 
1 

a C 

u 

3 

III 

5 
12 
11 
2 
3 
1 
1 
1 

11 
1 

2 
1 
3 
1 
1 
2 

I 61 

Animals other than Corixidae taken from Barbrook roaervolr In the 
coarse net on those dates during 1957 and 1958 when a l l stations 
were sampled. 



beetles and t h e i r larvae predominate. Table 26 shows the t o t a l 

catches of l a r g e r animals i n the coarse net samples from section AlOO 
duning 1958. 

t o A3O0. Again beetles and t h e i r larvae predominate. I t must be 

noted, however, t h a t the t o t a l s given i n t h i s table were obtained 

from a t o t a l of 840 S.N.Ss. taken.throughout the year. Thus the 

data sugfrest that even the beetles and t h e i r larvae were r e l a t i v e l y 

scarce. By t u r n i n g over stones on section A 100 tn> A 300 during 

September 1958, however, large numbers of A.nebulosus could be 

observed and t h i s sugs:ests t h a t these beetles are more abundant 

than the net data i n d i c a t e , e i t h e r because they are c h i e f l y nocturnal 

animals or because they are d i f f i c u l t to catch i n a net. This 

i l l u s t r a t e s the general p o i n t which should be borne i n mind when 

considering the numbers of animals other thaui Corixidae taken i n 

the net samples. That i s , t h a t d i f f e r e n t animal groups w i l l d i f f e r 

i n t h e i r amenability to net sampling, so t h a t the data obtained 

cannot s a t i s f a c t o r i l y be used t o compare the r e l a t i v e numbers of 

animals belonging to d i f f e r e n t groups. Nevertheless the net sample 

data, together w i t h casual observations, do suggest t h a t , apart 

from Corixidae, the water beetles A.nebulosus and Deronectes 12-

pustulatus .together w i t h t h e i r l£irvae,are the most abundant large 

smimals found on se c t i o n A 100 to A 300. 

The catches of water beetle imagines i n the fourteen 

traps a t 1*0 m. depth on section A 100 to A 300 are shown i n 

Table 27. The t o t a l catches over the whole trapping period 

probably give a f a i r . i n d i c a t i o n of the r e l a t i v e abundances.; of 

the various species, except t h a t , whereas the l a r g e r species were 

39. 



Species or group. Number c o l l e c t e d i n 

T 
8 ^ S.N.S.s 

Afcabus nebulosus 3 

A.bipustulatus. 1 

Hydroporus p a l u s t r i s . 5 

Deronectes 12-pustulatus. 28 

Hyradephaga larvae 105 

Phryganea larvae. 1 

ELectrochemia l a r v a e . 2 

Nemoura cinerea nymphs. 1 

Notonecta obliqua 1 

Table 26. Animals other than Corixidace taken from s t a t i o n s 
A 100 to A 300 of Barbrook r e s e r v o i r during 
net sampling i n 1958. 
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2,4.58. 3 3 
10.4.58. 2 2 

16.4.58. 1 1 
24.4.58. 21 3 24 

30.4.58. 19 6 2 1 28 

8.5.58. 123 31 2 4 160 
14.5.58. 41 4 2 1 48 

2215•58« 37 6 7 50 
28« 5•&8« 49 4 2 5 1 61 

5.6.58. 104 16 4 2 126 
11.6.58. 66 6 1 73 

19.6.58. 200 44 33 1 1 279 

25.6.58. 35 15 2 1 53 
22.10.58. 4 2 10 16 

Totals. 705 137 47 37 1 2 922. 

TABLE.27. Animals other than Corlxldae caught In the fourteen traps 

1 m. depth In Barbrook reservoir during 1958. 



u s u a l l y dead when removed from the traps, most of the specimens 

of P. 12-pustulatus eind H.palustria were s t i l l a l i v e . Thus these 

l a t t e r two species may be somewhat under-represented i n the 

samples. 

So f a r , only the l a r g e r insects which are caught i n the 

coarse net have been considered. The smaller organisms cannot be 

obtained as a"by-product" of the c o r i x i d sampling but must be 

c o l l e c t e d s p e c i a l l y . For t h i s reason the information regarding 

the smaller animals i s rather less complete than that f o r the 

l a r g e r ones. The numbers of l a r v a l and pupal Chironoraidae taken 

i n the coarse net from Barbrook r e s e r v o i r were small and have not 

been recorded. There were, however, large numbers of chironomid 

larvae i n the r e s e r v o i r , p a r t i c u l a r l y the large Chironomus anthracinus 
imagines 

whose larvae l i v e d i n the deep water and whose 5«gq^Br flew i n large 

swarms above the r e s e r v o i r banks i n l a t e May and early Hune. Also 

present were smaller forms, probably Tanytarsus spp., 

whose larvae formed mud tubes on the stones of the substratum 

at the 1*0 m. (3 f t . ) depth. During the' spring, summer and autumn 

the copepod, Cyclops v e r n a l i ? and the cladoceran, Chydorus sphaericus, 

were seen i n large numbers above and amongst the stones on section 

A 100 to A 300. The mite, Hydrozetes l a c u s t r i s , was found i n 

small numbers on stones taken from A 100 to A 300 and the l u m b r i c i d , 

Lumbriculus variegatus, occurred i n those places where small q u a n t i t i e s 

of alga 6ind mud accumulated between the stones. 

During A p r i l and May of 1959* an o t t e r board was used to 

ob t a i n plankton samples from j u s t below the water surface about 

10 to 20 m. offshore i n Barbrook r e s e r v o i r . The net used had 

f̂O. 



110 meshes per i n . (kO per cm,). The plankton obtained was found 

to consist c h i e f l y of the r o t i f e r , Brachionus urceolaris^together 

w i t h a small number of specimens of the copepod, Cyclops v e r n a l i s . 

The fauna l i s t f o r Barbrook r e s e r v o i r i s a r e l a t i v e l y 

short one, p a r t i c u l a r l y since the species of Coleoptera and 

Hemiptera only recorded i n small numbers were probably chance 

immigrants from other h a b i t a t s . P a r t i c u l a r l y noticeable i s the 

absence of such groups as the molluscs, leeches amd Platyhelminthes. 

This may be a t t r i b u t e d to the f a c t that Barbrook r e s e r v o i r i s an 

upland water body w i t h a very low base s t a t u s . Comparison of the 

fauna l i s t w i t h t h a t of Macan (19^8) from an upland fishpond suggests 

t h a t t h i s i s not the only relevant f a c t o r . Macan's survey was more i n t 

ensive than t h a t described here. For example, he used emergence 

traps to c o l l e c t Diptera whereas i n the present v/ork Chironomidae 

were c o l l e c t e d by occasional n e t t i n g of swarming imagines on the 

r e s e r v o i r banks. T^e h a b i t a t s studied were also very d i f f e r e n t . 

Macan's pool having a more organic substratum and a denser amd more 

diverse macroflora than can be found i h Barbrook r e s e r v o i r . This 

suggests t h a t Barbrook r e s e r v o i r i s a .somewhat rigorous environ

ment f o r aquatic animals and t h a t , i n consequence, r e l a t i v e l y few 

species are able to survive there. 

I t has not been possible i n the present work to.do more 

than c o l l e c t together a number of casual observations on the feeding 

h a b i t s of Cgermari and to carry out a p r e l i m i n a r y study of the 

fore-gut contents of four species of aquatic Coleoptera. 

During September 1958, specimens of Agabus nebulosus, 

A.bipustulatus, and Gyrinus natator were c o l l e c t e d from various 



places i n Barbrook r e s e r v o i r ^ . At the ssime time Deronectes 

12-pustulatus and various aquatic larvae were c o l l e c t e d from 

Barbrook and Ramsley r e s e r v o i r s . The animals c o l l e c t e d were 

k i l l e d w i t h chloroform vapour and immediately preserved i n 

k% f o r m a l i n s o l u t i o n . They were examined w i t h i n a week of 

c o l l e c t i o n . The fore-gut contents of each specimen were 

examined and the niimber of i n d i v i d u a l s of each species containing 

each type of food was determined i n the way described by 

Jones (19^9, 1950). The r e s u l t s are shown i n Table 28. These 

data must be i n t e r p r e t e d w i t h caution f o r the f o l l o w i n g reasons:-

( i ) D i f f e r e n t food materials may be digested at d i f f e r e n t 

r a t es and hence those materials most slowly digested would tend to 

be recorded i n an unduly large proportion of the sample. 

( i i ) Large food orgsmisms may be broken i n t o small, and 

sometimes u n i d e n t i f i a b l e , fragments during i n g e s t i o n whereas smaller 

organisms aire more l i k e l y t o be ingested whole and to be r e a d i l y 

i d e n t i f i a b l e . 

( i l l ) I t cannot necessarily be assumed that a l l the m a t e r i a l 

present i n the fore-gut of an animal i s , i n f a c t , food. Some of i t 

may have been ingested a c c i d e n t a l l y along w i t h the food and may be 

of l i t t l e or no n u t r i t i v e vaQue t o the animal containing i t , 

( i v ) Conclusions based on samples taken a t ofie time of 

the year do not necessarily r e f l e c t the feeding habits of the animals 

throughout the year. 

(v) The technique used does not give any measure of the 

r e l a t i v e weights of d i f f e ' r e n t foods taken, and therefore gives 
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T o t a l number examined. 

No i d e n t i f i a b l e contents. 

Leaf fragments. 

Alga (Microspore s p . ) . 

D e t r i t u s , 

Chironomid l a r v a e and pupae. 

C o r l x l d njraphs. 

CorlJtld a d u l t s . 

Cyclopold copepods. 

Large Diptera ( c h i e f l y Soopeuma) 

S o l a r i d a e (Bradysia sp.) 

Indeterminate I n s e c t fragments. 

Chironomldae Imagos. 

Aoarlnes. 

Collerabola. 

Cercopldae. 

Thysanoptera. 

Oyrlnidae. 

Cladocera. 

Agabus sp.eggs. 

14 

2 

1 

11 

2 

5 

6 

3 

1 

2 

3 

1 

1 

1 

1 

1 

76 

21 

5 

43 

1 

22 

22 

13 

6 

21 

11 

78 

17 

35 

2 

20 

6 

46 

21 

11 

9 

44 

26 

38 

2 

33 

22 

8 

10 

1 

1 

32 

1 

14 

TABLE .2e. numbers of specimens of various predators containing each 

typ« of food m a t e r i a l . 



only a vague idea of the r e l a t i v e importance of each food. 

( v i ) This method gives l i t t l e i nformation about the 

exact nature of the food. For example, i t does not show the 

extent to which the animals concerned are a c t i v e l y predatory 

and the extent to which they simply eat the dead bodies of 

animals k i l l e d by some other agency. 

Even so, some u s e f u l conclusions can be drawn from the 

data. The numbers of aquatic larvae exsunined were very small, 

but the data do show t h a t caddie larvae feed on animal as w e l l 

as p l a n t m a t e r i a l . The data obtained from the Coleoptera are 

expressed i n Figure 12, as percentages of each ssunple containing 

each of the commoner foods. The r e s u l t s from A.nebulosus and 

A.bipustulatus c o l l e c t e d from s t a t i o n B show tha t these two species 

feed on s i m i l a r foods i n s i m i l a r proportions, though the presence 

of adult Corixidae i n A.bipustulatus but not i n A.nebulosus may 

i n d i c a t e t h a t the l a r g e r species (A.bipustulatus) can deal more ea s i l y 

w i t h l a r g e r - s i z e d food organisms. 

Comparisons between the fore-gut contents of samples of 

the same species from d i f f e r e n t pa~rts of the re s e r v o i r are also 

of i n t e r e s t . The r e s u l t s show tha t a l a r g e r proportion of the 

A.nebulosus at s t a t i o n A 25 contained copepods and Chironomidae 

than of the A.nebulosus at s t a t i o n B. This r e f l e c t s the abundance 

of these two foods at the tvio s t a t i o n s . S t a t i o n B i s an area of 

sandy shore w i t h patches of J.bulbosus agg. where copepods and 

chironomid larvae are not numerous, w h i l s t s t a t i o n A 25 i s an area 

of steeply s l o p i n g stony bank on which copepods and chironomid 

larvae are abundant. 

^3. 



A .blpustulatus 

A.ncbulOMt. 

A.ncbulotus. i>t.A35 
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S t . B - I O Ci tato tor 

Figure.12, Ifercentage of water Taeetles of each species 

containing each type of food material,^ 



The bulk o f the food of Gyrinus natator at s t a t i o n s 

B and B -10 was formed by small Diptera of the fsimily Sciaridae, 

and genus Bradysia. These small Diptera occur i n large numbers on 

the banks of the r e s e r v o i r between May and September and often 

f a l l onto the water and become trapped there by surface tension 

e f f e c t s . This shows t h a t , although G.natator spends p a r t of i t s 

time below the water surface, i t f e e d s mainly at the surface on 

small f l o a t i n g i n s e c t s . The presence of alga (Microspora sp.) i n 

over 80% of the G.natator at s ~ t a t i o n B where mats of t h i s filamentous 

alga r e s t on top of the J.bulbosus agg. and break the water surface, 

and the v i r t u a i l absence of alga i n the specimens from B -10 where 

Microspora sp. i s confined to the stones on the bottom, gives f u r t h e r 

proof t h a t t h i s species i s a surface feeder. 

The general conclusions are t h a t during September, at l e a s t , 

G.natator feeds mainly on small f l o a t i n g insects w h i l s t 

D»12-puBtulatus feeds c h i e f l y on small aquatic organisms such as 

copepods and chironomid Isirvae. A.nebulosus amd A.bipustulatus, 

however, take a v a r i e t y of foods, i n c l u d i n g rather lairger animals 

such as Corixidae and t h e i r nymphs amd the dipteran Scopeuma sp. 

To what extent the (eorixid m a t e r i a l foimd i n these two species was 

taken by a c t i v e predation and to what extent by eating dead c o r i x i d s 

i s , u n f o r t u n a t e l y , s t i l l not c l e a r . On one occasion, however, a 

specimen of A.nebulosus was observed to atttack an adult.male of 

Cgermari and t h i s shows t h a t the two AgabusYspp. do attack l i v i n g 

Corixidae. 

I t i s not possible to determine the f e e d i n g habits of 

the Hydradephaga larvae by examining t h e i r gut contents. Specimens 



of various sizes have been kept i n j a r s together w i t h a varietly of 

other animals c o l l e c t e d from the r e s e r v o i r s . They v ; i l l attack most 

small moving objects and have been observed to k i l l and feed upon 

chirohomid larvae and c o r i x i d nymphs. They have also been observed 

to k i l l t e n e r a l aduUits of C.germari but have never been seen to 

k i l l adult c o r i x i d s whose exoskeletons had hardened and darkened, 

though a number of attacks upon such Corixidae have been watched. 

The fore-gut contents of many specimens of C.germari 

have been examined but the contents have us u a l l y consisted simply 

of u n i d e n t i f i a b l e granular m a t e r i a l of a brownish, greenish or 

reddish shade. I n a fev/ specimens, however, portions of filaments 

of Microspora sp. have been found. For example., out of l 8 i n d i v i d 

uals c o l l e c t e d on 23.10.58, eight were found to contain small 

q u a n t i t i e s of t h i s alga amongst the fore-gut contents and out of 

25 specimens c o l l e c t e d on 25.^.59 four specimens contained portions of 

Microspora sp. Occasional adults of C.germari have been taken i n the 
r' 

net w i t h a chironomid l a r v a or a Lumbriculus variegatus impaled on then 

mouthparts and chironomid larvae have been attacked by adults and by 

nymphs 5, ^ and 5, w h i l s t i n a s o r t i n g dish f u l l of water. Nymphs 

1 and 2 are kept i n j a r s under laboratory conditions have been 

observed to feed on small chironomid larvae and also on i n s t a r 1 and 

2 nymphs tha t had died. Neither adults nor nymphs, however, have 

been seen to attack l i v i n g adults or nymphs, though egg cannibalism 

has been observed i n t h i s species under laboratory conditions. I f a 

number of o v i p o s i t i n g females are kept together i n a j a r and provided 

w i t h some vegetation to o v i p o s i t upon and i f the eggs l a i d are 

examined d a i l y , i t i s found t h a t eggs which appeared quite sound when 
^5. 



l a i d may appear transparent a f t e r a few days. Microscopic examin

a t i o n of these eggs shows tha t they consist simply of a hollow s h e l l 

^ d i n some cases i t i s possible to locate the hole made i n the 

s h e l l by the s t y l e t s of the a d u l t s . Evidence that t h i s also occurs 

i n the f i e l d w i l l be given l a t e r . 

Specimens of Cgermeiri i n the f i e l d and i n the laboratory 

have been observed manipulating sand, peat and alga w i t h t h e i r palae 

but i t has not been possible i n such cases to see what, i f anything, 

they were feeding on. 

Thus i t i s clear that Cgermari feeds on s o f t bodie§ 

aquatic animals and probably also on the alga Microspora sp. , but 

to what extent, i f any i t takes any other types of food i s s t i l l 

not c l e a r . 

^6, 



SECTION B. 

BIOLOGY. ABUNDANCE, MORTALITY AND BIOMASS OF C.GERMARI. 



X. THE LIFE HISTORY, DISTRIBUTION AND BIOLOGY OF C.GERMARI 

IN BARBROOK RESERVOIR. 

(1) I n t r o d u c t i o n and b r i e f survey:-

( i ) Annual cycle:- The annual cycle of C.germari 

i n Barbrook r e s e r v o i r i s shown i n Figure 13 and the evidence 

upon,which i t i s based w i l l be given below. Fig.13 i s based 

on the 1958 sampling r e s u l t s . 

( i i ) Number of nymphal i n s t a r s : - Rousseau (1921) has 

described the f i v e nymphal instarfe of C.punctata and gives a 

synopsis of the characters by means of which the i n s t a r s can be 

separated from one another. The f o l l o w i n g t r a n s l a t i o n of pairt of 

Rousseau's synopsis has been made :-

" I n s t a r 1:- E l y t r a l rudiments not d i s t i n c t . 

P o sterior edge of mesonotum i s continuous. Head not separated from 

thorax d o r s a l l y . 

I n s t a r 2:- E l y t r a l rudiments small, not reaching 

the middle of the sides of the metanotum. Head separated from 

thorax. 

I n s t a r 3'- E l y t r a l rudiments leave the external 

p a r t of the apex of the short wing rjidiments free and do not reach the 

l e v e l of the centre of the p o s t e r i o r edge of the metanotum. 

I n s t a r k:- E l y t r a l rudiments do not reach the 

p o s t e r i o r edge of the f i r s t v i s i b l e abdom-inal segment. Wing 

rudiments reach the base of the second v i s i b l e abdominal segment, 

t h e i r extremity i s therefore not covered. The po s t e r i o r edge of 

the metanotum i s v i s i b l e i n i t s e n t i r e t y . 

^9. 



Annual cycle of C.germari. 

nymph.3 , 
nymph.2. ^X^\<iy'J>i 
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I n s t a r 5J- Metanotum transverse and i s 

prolonged on e i t h e r side as a wing rudiment whose extremity i s 

hidden beneath the apex of the e l y t r a l rudiment. S t r i g i l 

(where present i n the adult male) i s sometimes v i s i b l e through 

the integument of the male i n s t a r 5 nymphs". 

Rousseau's characters regarding the lengths of the 

e l y t r a l and wing rudiments r e l a t i v e to one another and to the 

abdominal and thoracic segments sind also h i s observation that 

the head i s not c l e a r l y demarkated from the thorax i n i n s t a r 1, 

can be used to separate the nymphs of Cgermari i n t o f i v e supposed 

i n s t a r s . Simple o u t l i n e diagrams of the a n t e r i o r dorsal regions 

of each of these f i v e stages eire given i n Figures 14, I5» l 6 , l t , 

and l 8 f o r comparison w i t h Rousseau's synopsis. 

Samples of C.germari nymphs were thus s e p ^ t e d i n t o f i v e 

supposed i n s t a r s . Thirty-two specimens of each supposed i n s t a r 

were picked out at random and t h e i r lengths and head capsule widths 

were measured using a monocular micfoscope w i t h a micrometer 

eyepiece. Wo overlap i n e i t h e r of these measurements was found 

between each successive p a i r of the supposed i n s t a r s . I t i s 

th e r e f o r e reasonable to conclude th a t C.germari has at l e a s t f i v e 

nymphal i n s t a r s . The mecm measurements f o r each supposed i n s t a r 

together w i t h t h e i r 3% confidence l i m i t s are shown i n Table 29. 

Dyar's law (Dyar I89O) assumes t h a t , i n Lepidopterous 

l a r v a e , the width of the head capsule follows a regular geometrical 

progression i n successive i n s t a r s . The logarithms of the hcr.d 

mean head capsule widths of the supposed i n s t a r s of C.germari 

50. 
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M = Mesonotum 

Ma Metanotum. 
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A3 - Third v i s i b l e abdominal segment. 



Inrm 

INSTAR. 

Figure.14, 



I mm. 

INSTAR.2. 

Figure,15, 
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I n s t a r . Mean length i n mm. 
* 5% confidence l i m i t s . 

Mean head capsule width i n mm. 
+ 3% cogfidence l i m i t s . 

I 1*75 ^̂• .015 0'18 +• -028 

2 2.60 +- '158 1'05 * '006 

3 5-35 ± '026 1-ifO +- '002 

if k'77 +• ' O i l 1*83 * -ook 

5 S-k3 + '039 2'18 * 'OOif 

Table 29. 



nymphs are shown i n Figure 19. The f i g u r e approximates to a 

s t r a i g h t l i n e and thus shows that Dyar's law i s approximately 

t r u e f o r the nymphs of C.germari and that no i n s t a r e x i s t s between the 

f i v e already postulated f o r t h i s species. 

Thus the evidence shows tha t Cgermari has f i v e nymphal 

i n s t a r s and t h i s agrees w i t h the statements of such w r i t e r s as 

Poisson (1955), G r i f f i t h (19^5) and Sutton (19^7) regarding 

various other c o r i x i d species, though C a r o l i (1924) found only 

four i n s t a r s i n C«monticelli. 

( i i i ) Number of generations per year:- The occurrence 

of more than one generation per year i n c e r t a i n species of Corixidae 

has b;een demonstrated by s e v e r ^ w r i t e r s . For example, Larsen (1958) 

found two generations per year i n C.praeusta, Hungerford- (1919) 

showed t h a t the North American species Palmocorixa buenoi has two 

generations per year, and Poisson (1925) claimed t h a t , i n north-west 

France, C . s t r i a t a (Linn.) has several generations per year. 

The existence of only one o v i p o s i t i o n period per season 

(See Figure 25) , the d i s t r i b u t i o n i n time of the f i v e nymphal* 

i n s t a r s (Figures 20 and 21), and the f a c t t h a t the f i r s t t e n e r a l 

adults were found on July 24th and August 15th i n the years 1957 

and 1958 r e s p e c t i v e l y , together w i t h the f a c t that no f u l l y 

developed eggs were found i n the oviducts of the females u n t i l 

the s p r i n g f o l l o w i n g t h e i r emergence, shov/ that C.germari has only 

one generation per year i n Barbrook r e s e r v o i r . 

51. 
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Nymphal instars a s percentages of nymphs caught. 

Instdr. 

29.S 12.6 26.6 10.7 24.7 7.8 21.8 4.9 18.9 2.IO I6.IO 30.I0 
Day and month I9S7. 

Figure,20; 

Nymphal Instars os ptrccntoges of nymphs caught. 

bwior. 

J L J I I L J I L 
12.6 23.6 4.7 18.7 1.8 IS.8 29.8 12.9 2&9 IO.IO 23.10 

Day and month 19581 

Figure, ZL," 



(2) D i s t r i b u t i o n of the adults w i t h i n the r e s e r v o i r ; -

The mean catches of C.germari adults per S.N.S. from 

various sections of the shore are shown i n Tables 30 and 31 f o r the 

years 1957 and 1958. The data show t h a t , during both years, the 

abundance of adults was considerably greater on section A 100 to 

A 300 than on any of the other sections. Also, the abundance 

on section A 100 to A 500 shows d e f i n i t e trends during the course 

of the season w h i l s t the abundance"- on the other sections does not. 

I t i s l i k e l y t h a t the abundance of animals on stopy 

shores w i l l be r e l a t e d , t o some extent, t o the size, shape and 

arrangement of the component^itones. Thus, w i t h i n c e r t a i n l i m i t s , 

a shore of smaller, i r r e g u l a r stones stacked together i n an 

i r r e g u l a r manner w i l l provide more crevices, to give s h e l t e r from 

predators and wave a c t i o n , and a r e l a t i v e l y l a r g e r area of exposed 

stone surface f o r o v i p o s i t i o n , and f o r the grazing of food animals 

than w i l l a shore composed of l a r g e r more regular stones f i t t e d 

together i n a more systematic way. Sections A 100 to A 300 and 

E 130 to A -10 can be used to t e s t t h i s hypothesis so f a r as 

C.germari i s concerned. Section E 130 to A -10 has already been 

described as a length of shore m.ade up of large cuboidal blocks of 

l o c a l sandstone hewn to shape and f i t t e d c l o s e l y together. There are, 

however, crevices up to 2 ^m.^wiSe'^and hO cm. ( l 6 i n . ) deep between 

some of these blocks, w i t h i n which Corixidae and water beetles can 

be observed t o move about. The data i n Table 32 give some i n d i c a 

t i o n of the size of these stone blocks. For compeirison, the 

weights of t h i r t y stones picked up at reindom from section A 100 to 

A 300 have been determined. The density of these stones has been 

52. 



AlOO to A300 B130 to A-10 BIO to C-20 D50 to K 

S.N.S.a per 
aampllng date. 

15 14 12 12 

Date. 

3 . 4.57. 8*0 t 1.34 0.6 10.66 0.8 1 0«59 0*2 1 0.36 

17.4.57. 9«3 t2*11 0«1t0*21 0.4t0»32 0.3 1 0.25 

1.5.57. 10-2 * 3«88 1 . 2 1 0'85 0*8 10.66 0.8 l l ' O e 

15 . 5.57. 11*8 13»80 0*6 10.40 0*1 ±0.02 0.110.18 

29 . 5.57. 6-2 t 2*76 0*5 1 0 .44 0.1 ±0*02 0 . 2 10.36 

12.6.57. 10«2 13.84 2'1 t l . 2 7 1 . 7 il«32 0.7 10-61 

26.6.57. 0 . 4 10.38 3.4 1 1 . 5 4 e .5 2.11 3.74 

10 . 7.57. 0 0»1 10*21 0*7 0.2t0»33 

24 . 7.57. 1.2 t l ' l O 0*3 10.47 1*0 0.3 ±0*38 

7.8.57. 5.4 + 2 .79 2*2 t1.04 3*0 1*9 11«66 

21.8.57. 29 .0 ± 5»16 1.0 1 1*05 2»611'12 1*6 ±1*35 

4.9.57. 20 . 5 i 6»14 2»0 tl«29 4«4 ±0*69 0'8t0.83 

18.9.57. 44»7tl2'83 0*9 11.05 1«6 ± 0*87 0«110*18 

2.10.57. 70*0123'96 2*0 i 1«17 7»6t2«52 1 .2 1 0*84 

16.10.57. 87.0113.21 2.1 i 2«30 2*6 11.07 1*1t0*87 

30.10.57. 98»6120«73 0*6 t0*49 1«3 t 0 « 9 7 0*6 t0*78 

13.11.57. 4.6 1 2 « 2 2 0*9 t 0*57 0«3 t 0*31 1*6 11*64 

24.12.67. 0.6 i0«58 0.6 ± 0 . 9 4 0»4 ±0*57 0*5 1 0*42 

T A B L E . 3 0 . Mean catches of adults per S.N.S.on the 7 a r l o u a Beotiona of 

shore during 1957,together with t h e i r 5% confidence l l m l t a . 

On the dates 12.6.57 to 7.8.57 I n c l u s i v e only 9 S.N.Ss were 

made on s e c t i o n D60 to E. 

On the dates 26.6.57 to 7.8.57 i n c l u s i v e only 12 S.N.S.a 

were made on s e c t i o n AlOO to A300. 

On the dates 10.7.57 to 7.8.57 I n c l u s i v e only 3 S.H.S.s were 

made on s e c t i o n BIO to C-20 and on 26.6.57 only 6 S.N.S.a 

were made. 



AlOO to A300 E130 to A-10 BIO to C-20 D50 to E 

S.N.3.8 per 
sampling date. 

20 14 12 12 

Date. 

20.1.58. 5*0 t 0*73 0*8 tO'lZ 0*9 i 0*09 0'9±0 « e 8 

28»«5 • 58« 8»0i 2*31 0*b t0*43 2*7 t0*03 1*7 ±1'18 
11.4.58. 2 . 9 t l.«29 0*6 t0«54 2*4 tl« 66 1'8 ±1*25 

25.4.58. 9'913'13 0*2 1 0*33 1*3 ±I'OO 0 
0•5 « 58• lO'S i 3 * 0 8 0*9 t0«76 4-5 +3'51 0 ' 7 t 0*73 

23.5.58. 10'3 • 1*90 4*9 11-22 4«5 ±2*79 1*3 i:0'95 
6*6•58* 2'6 t 0*89 2*4 t 0-77 5«3 t 5'18 6*8 t4»61 
4.7.58. 9 . 7±1*02 2«9t 1*34 9*9 t4'06 17«0±13'08 
18.7.58. 4 - 1 t 1 * 3 8 0*6 1:0'61 6'5±3'87 2*7 t l . 7 5 

1.8.58. 3-4 t 1*20 0 1*9 11*12 0.91 0'73 
15.8.56. 2'&t 1.75 0*11 0-15 I'O tl«23 0*3 1 0*31 

29.8.58. 1 0 . 6 t 2 * 0 8 0*4 i:0'29 1*2 1 0*32 2*4 t 1 * 9 2 
12.9.58. 16- l i 4*63 0*9 ± 0'53 2 . 7 j:l.27 1.5 t 2 ' 2 2 

26.9.58. 64-8il2«53 2"6 t 0*97 6.5 ±6*10 1*5 i:0«78 
10.10.58. 74-0il4«13 1*0 *0-67 9'3 ±3*84 3*2 1:2*68 

TABLE.31. Mean catches of a d u l t s per S.N.S. on the various s e c t i o n s of 

shore during 1958,together with t h e i r 5% confidence l i m i t s . 

On 20.1.58. only 15 S.N.S.s were made on s e c t i o n AlOO to A300. 

On 4.7,58,18.7.58 and 1.8.58 only 8 S.N.S.s were made on 

s e c t i o n E130 to A-10. 



Length (cm.] Breadth (cm.) Depth (era.) Volume (cc.) 

97 25 35 85,000 

97 36 38 133,000 

70 44 45 138,000 

52 44 29 62,300 

56 43 35 84,300 

60 38 28 64,000 

77 30 26 60,000 

30 11 26 8,500 

93 33 30 92,000 

75 25 28 52,500 

59 46 27 73,300 

68 30 38 77,600 

42 35 27 39,000 

55 35 31 59,800 

60 65 28 188,000 

58 29 33 50,600 

83 23 28 53,500 

62 23 30 42,900 

40 28 27 30,300 

47 63 27 80,000 

55 65 33 118,000 

39 23 31 27,900 

52 49 30 76,500 

48 22 25 26,400 

121 32 24 93,000 

79 29 35 80,000 

55 40 24 53,000 

102 47 24 115,000 

27 11 28 83,000 

53 27 28 40,000 

Mean volume = 72,900 ± 13,900 CO . 

TABLE.32. Dlmonalona o f 30 stono blocks selected at random frOTi 

section E130 to A-10. 



determined as approximately 2*5 g/cc. emd hence the volumes 

of the stones have been calculated and are shown i n Table 33. 

Comparison of these two Tables shows tha t there i s a considerable 

d i f f e r e n c e i n the mean size of the stones on the two sections of 

shore. Such differences would give r i s e to a large difference 

between the two shore sections i n the number and size of available 

crevices ajid i n the area of exposed stone surface per u n i t area of 

substratum, even i f the shape and arrangement of the stones were 

s i m i l a r on the two shore sections. The observed differences i n 

stone shape and arrangement must f u r t h e r accentuate t h i s e f f e c t . 

Thus the data suggest t h a t the differences i n abundance of C.germari 

between sections A 100 to A 300 and E 130 to A -10 may be a r e s u l t 

of d i f f erences i n the co n s t r u c t i o n of the r e s e r v o i r walls i n those 

two sections. 

The other two sections of shore f o r which abundance data are 

given i n Tables 30 and 31 are, i n one case, sandy shore and, i n the 

other case, a w a l l b u i l t up of stones l a r g e r and more regular than 

those of section A 100 to A 300 and smaller and less regular than 

those of section E 130 to A -10. I n both these cases the amount of 

s h e l t e r provided and the area of exposed stone surface per u n i t area of 

substratum are probably considerably smaller than on section A 100 to 

A 500, and might therefore be expected to give smaller catches of 

C.germari per S.N.S. than the l a t t e r section. 

I t can therefore be seen t h a t the abundance of G.germari 

adults on d i f f e r e n t sections of the shore can be r e l a t e d to the 

p h y s i c a l nature of the substratum on those d i f f e r e n t sections of 

shore. Even so, i t i s important to note th a t C.germari reaches i t s 

53. 



Weight (g.) Volume (cc.) 

2,660 1,073 
276 117 

250 102 

1,610 650 

730 294 

300 124 

454 183 

326 138 
418 169 

1,460 589 

965 389 
722 291 

226 91 

283 114 

173 76 

531 215 

510 206 

156 63 

261 103 
248 100 

2,470 998 

453 176 

219 89 

156 63 

142 57 

163 66 

1,950 786 

965 389 

562 223 

566 228 

Mean volume - 272 ±101 oo. 

TABLE.33. Weights and approximate volumes of 30 stones 

selected at random from section AlOO to A300. 



greatest abundance on p r e c i s e l y t h a t pairt of the shoreline which i s 

sheltered fro'-a wave a c t i o n caused by the p r e v a i l i n g west and south

west winds and t h i s suggests t h a t the frequence with which severe 

v/ave a c t i o n occurs on the various sections of shore may also be 

important i n i n f l u e n c i n g the d i s t r i b u t i o n of C.germari w i t h i n the 

r e s e r v o i r . 

During 1958 the abundance of adult C.germari i n the Ramsley 

and L i t t l e Barbrook r e s e r v o i r s v/as measured i n terms of the mean catch 

per S.N.S. The r e s u l t s are shown i n Table 54 and they show that the 

abundance of the species i n those two r e s e r v o i r s was comparable to the 

abundance on sections E.150 to A -10, B 10 to C -20 and D 50 to E of 

Barbrook r e s e r v o i r (See Tables 50 and 5 1 ) . Ramsley re s e r v o i r has less 

macroflora and less organic m a t e r i a l on the substratum than Barbrook 

r e s e r v o i r , whilst L i t t l e Barbrook r e s e r v o i r has more of both, but 

n e i t h e r of these tv/o r e s e r v o i r s has any section of shore s i m i l a r i n 

c o n s t r u c t i o n to section A 100 to A 50''"> of Barbrook r e s e r v o i r . This 

suggests t h a t , so f a r as C.germari i s concerned, the physical 

s t r u c t u r e of the substratum i s important. 

(5) D i s t r i b u t i o n of the adults at d i f f e r e n t depths :-

V/alton (1945) states that C.germari probably l i v e s i n 

deeper water than most other species and t h a t , i n one water body, 

he found i t t o be very abundant i n water at l e a s t one metre deep. 

Data have been c o l l e c t e d at Barbrook re s e r v o i r which support 

Walton's statements. 

On twelve dates during 1957 net sampling was c a r r i e d out at 

0 '5 m. dept'-i as w e l l as the usual 1*0 m. (5 f t . ) depth. The r e s u l t s 

are set out i n Table 55 and show t h a t , on a l l occasions, the adults 

5^. 



Date Mean catch per S.N.i 5. and 3% confidence l i m i t s Date 

L i t t l e Barbrook Ramsley 

1^.4.58 0-8 * ' 5 1 0-5 •52 

12.5.58 0 '6 +• ' 5 1 0-3 •27 

7.6.58 0*7 ^ 'kS 0*2 •tf •38 

7.7.58 6-9 ± 3 ' 6 l O'k •35 

5.8.58 0.2 jtt- '06 0 

30.8 .58 G'k * 2*69 0 -1 -H- 'Ih 

30.9.58 h'3 jr 1'62 0.6 •09 

21.10.58 1-5 ± '32 1-8 + •09 

Table 3^. Abundance of C.germari adults i n Ramsley amd L i t t l e 
Barbrook r e s e r v o i r s during 1958. Based on 20 S.N.S.s 
at each r e s e r v o i r oft each sampling date. 



Date No. of S.N.S.s 
at 0*5 m. 

Mean catch per S.N.S. wi t h 3% co^jfidence 
l i m i t s where these could be calculated. 

0 '5 m. 1*0 m. 

1.5*57 20 2-6 10*2 j f 5^88 

15*5*57 20 1-9 11*8 4f- 5*80 

29.5.57 20 1*3 6*2 * 2-76 

12.6 .57 20 2-6 10.2 +- 5-84 

21.8 .57 15 2-5 •52 29.0 * 5-16 

4 .9 .57 15 5-7 •59 20*5 +- 6-14 

18.9.57 15 4 ' 7 2-70 44.7 * 12-85 

2.10.57 15 5-1 1.76 70*0 25*96 

16.10.57 15 2-7 *- 1*05 87^0^ * 15-21 

50.10.57 15 1-7 92-5 £ 20-75 

15.11.57 15 0 4-6 + 2-22 

24.11.57 15 O- l l 0 '6 * 0-58 

Table 55. Comparison of the abundance of C^fern?^ri at 0-5 m, 
and 1-0 m. depth on section A 100 to A 500 of 
Barbrook r e s e r v o i r . 



r.le much more abundant at 1*0 m. (3 f t . ) depth than at 0*5 m.(l*5 f t . ) : 

Popham (19^3.a.) studied the depth d i s t r i b u t i o n of C.dorsalis< 

C. f ossarum cind C. d i s t i n c t a i n s i x Lake D i s t r i c t h a b i t a t s . He 

sajnpled a t a range of depths from 0*5 to 5*5 f t . (0'15 to I ' l m.) 

and found that n e a r l y 90% of h i s 1123 specimens were taken at a 

depth of 0*5 f t . (0*15 m.) and that a l l the restif apart from 

3 specimens taicen at 2*5 f t . (0*75 m.) were found a t a depth of l«5ft. 

(0.46 m.). 

During 1958, p a i r s of traps were operated i n various 

depths of water from 0*35 m. (1 f t . ) to 2'33 m. (7 f t . ) between 

the net sampling s t a t i o n s A 200 and A 230. Two traps a t 0*33 m.(1 f t . ) 

s u f f e r e d considerable damage and gave no u s e f u l r e s u l t s but the other 

p a i r s of tra p s were not damaged to any great extent and the t o t a l 

catches of each of these p a i r s of traps during each trapping period 

are shown i n Table 36. Although such trap data must be in t e r p r e t e d 

with considerable r e s e r v e , the r e s u l t s show that C.germari i s 

abundant at depths as great as 2'35 m.(7 f t . ) . The t o t a l catches at the 

va r i o u s depths for the whole trapping season suggest that the 

abundance of adults reaches a maximum at a depth of about I'O m. 

(3 f t . ) and then f a l l s o f f slowly a t greater depths, a t l e a s t u n t i l 

a depth of 2*33 m. (7 f t . ) i s reached. 

Thus, both net and trap sampling give r e s u l t s which 

agree with Walton's statement that t h i s s p e c i e s l i v e s a t greater 

depths than most other B r i t i s h s p e c i e s appear to do. Comparison of 

the net sam-ple data for C g e r m a r i i n Barbrook r e s e r v o i r with 

Popham's r e s u l t s f o r three other species gives a s t r i k i n g i l l u s t r a t i o n 

of t h i s point. 

55. 
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(k) Sex r a t i o s on s e c t i o n A 100 to A 300 :-

The sex r a t i o s i n the trap catches have already been 

considered and p o s s i b l e explajiations of the remarkably high percent

age of males i n the s p r i n g and e a r l y summer trap catches as compared 

to the percentages i n the net samples have already been put forv/ard. 

I t w i l l therefore be assumed here that the sex r a t i o s of the trap 

catches are not a true r e p r e s e n t a t i o n of the sex r a t i o s i n the 

f i e l d and a t t e n t i o n w i l l be concentrated on the net data. 

The net saimple r a t i o s for each of those periods of the 

year when they might have been expected to be f a i r l y s t a b l e , namely 

the s p r i n g to e a r l y summer and the autumn periods, have been 

analysed s t a t i s t i c a l l y . I n each period the r e s u l t s were found 

by a Chi-squared t e s t to be heterogeneous and i t has been necessary 

to omit c e r t a i n samples from each period i n order to obtain 

homogeneity and hence to estimate the o v e r a l l sex r a t i o for that 

period. This procedure i s not very s a t i s f a c t o r y but i t has been 

necessary i n order to obtain an estimate of the sex r a t i o for each 

period. 

The samples of the o l d generation (spring to e a r l y summer) 

a d u l t s for 1957 were scored for sex and the r e s u l t s are shown i n 

Table 37A. The t o t a l numbers of males and females for a l l of the 

ssunples were found and these were taken as representing the expected 

r a t i o of males to females. A Chi-squeired t e s t was then applied to 

the data and i t was found that they were not homogeneous at the 

3% l e v e l of confidence. Examination of the Table shows that the 

daia^.|^^all^^fi§*§ iafefSing dates give s i m i l a r sex r a t i o s but that 

the data for adjacent dates do not. I t seems, i n f a c t , that there 
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(A) 

Date. 3.4.58. 17.4.58. 1.5.58. 15.5.58. 29.5.58. 12.6.58. T o t a l s 

Btalea observed. 55 52 77 61 48 63 356 

Females observed. 65 89 77 115 45 95 486 

T o t a l s . 120 141 154 176 93 158 842 

Males expected. 51 60 65-5 75 39«5 67 

Females expected. 69 81 88'5 101 53'5 91 

Chi-squared. •546 1«857 3*514 4«553 3 •179 «415 

Expected r a t l o : - males: females : 356:486 :: 42*5 :57«5. 

T o t a l Chl-3quared= 14.06 w i t h 5 degrees of freedom. 

Thus P<«02 and the r e s u l t s a r e not homogeneous a t the 5% confidence 

l e v e l . 

(B) 

Data. 3.4.58. 1.5.58. 2 9»5•58• 

Chi-squared. • 533 •058 •269 

Expected r a t i o :- malesrfemales :; 180:187 :: 49:51. 

T o t a l Chi-3quared= 0'86 w i t h 2 degrees of freedom. 

Thus P >»5 and the r e s u l t s a r e homogeneous a t the 5% confidence l e v e l . 

(C) 

Date. 17,4.58. 15.5.58. 12.6.58. 

Chi-squared. 0 •380 .550 

Expected r a t i o :- males:females :: 176:299 :: 37:63, 

T o t a l Chi-squared= 0-94 w i t h 2 degrees of freedom. 

Thus P>«6 and the r e s u l t s a r e homogeneous a t the 5% confidence l e v e l . 

TABLE.37. Old g e n e r a t i o n sex r a t i o s f o r 1957. 



was a f o r t n i g h t l y a l t e r a t i o n between saunples giving a sex r a t i o 

of about 1:1 and samples g i v i n g a marked excess of females. 

Separation of the data i n t o these two groups and Chi-squared 

t e s t i n g w i t h i n each group (Table 37B and C) shows that each of 

these two groups i s homogeneous. The reasons for t h i s r e g ular 

f l u c t u a t i o n i n sex r a t i o remains obscure. 

The old generation data for 1958 are shown i n Table 38A. 

Again, a Chi-squared t e s t shows that the data are not homogeneous 

at the ^% confidence l e v e l . The highest values of Chi-squared 

are given by the sajnples taken on 11.4,58, 25.^.58, 1.5.58 and 

12.6.58. I f these samples are omitted and the value of Chi-

squareid i s r e c a l c u l a t e d (Table 38B) the data are found to be 

homogeneous and give a sex r a t i o of 57 males to k3 females. As the 

data f o r a l l the samples cannot be used to obtain a s t a t i s t i c a l l y 

s a t i s f a c t o r y estimate of the sex r a t i o , the r e s u l t obtained from 

Table 38B has been taken as the most r e l i a b l e estimate a v a i l a b l e 

and has been used i n subsequent c a l c u l a t i o n s for which the sex 

r a t i o during the spring to e a r l y summer of 1958 i s required. 

The sex r a t i o s of the new generation samples for 1957 

and 1958 are shown i n Tables 39A and 'fOA, r e s p e c t i v e l y . The r e s u l t s 

for each of these years are heterogeneous and therefore c e r t a i n 

samples have been omitted i n order to obtain estimates of the 

sex r a t i o s . The data f o r both years give sex ratims f a i r l y c l o s e 

to a 1:1 r a t i o , though the 1957 sample data were found to be 

heterogeneous at the 3% confidence l e v e l when two of the samples 

had been omitted from Table 39B. 

57. 



. 
a H H o H 

ta
 o> 

O 
c-
co 0 H H ti 

o 
(0 . 

CO to CO 04 O H . CO r- O CO . , H 01 H CO O e r- I - l 6 
CO 10 in o 

o 
m . 
, 
10 

to •2 o> to to u , 
10 (0 I-I 10 CM CM CM 
(O • (O lO o 
CO m 
in ID 
in CM CD o CM CO u 
, to 

H 
<D CM CM C» . o 

X) CM iH 
CO iH 
in J3 

CO to in CO t> to -r i - l 
, H CO o a> to 10 H M iH « 

01 M 
iH 
in 

(D . 
10 in to 

m in CM 10 to to o> a> 11 . O to o in I I 
10 H H CM H H . T) , i-i o tl H 

O 
CD § 0 

o in o" . to to 0> to to OJ 
1 in a O H 01 iH OJ 
1 « . CM H • •H o 

a J : 
O c J : 
O 

00 H •0 
•H 

in <d <-l . O a 5" n 0> c in a CM CM a CM o 5 . H 01 . EH o in 
in • in 

03 
in 

in • o . in 
^ to t- o> CO eo • . ^ o 0> O CO I " in H rt H . 11 *> 

CM in a in • • in • 
CO in 3 in in o . 

CO o 
i - l CO 10 m !5 *• 

00 CO to C» t- S o fH . CO H o o 
0 . CO o 

CD x; 
in iH . o> •p r-t CO a 10 to o O o . H in to CM ft B , iH •* O 

(> 
. a 

00 n in o to a> •0 >0 O t- r-4 *j 
.1-1 CM H I - l t - <g r-i iH E a H , o n o 

t. a CO 
in 

o o CO 
in •H ;a a <a 10 00 t-t a CO iH o B 

1 
. 

00 
to in ( 0 

B 
1 an

d 

I o •o •o I - l 
. o . •p o •0 > "9 • a o o S o T3 ( . . 
> o o O V ( . a o a ( . •0 V . o o H o n. o n 0 o. o 3 *> 
x> K a^ o 
0 n O 9 n o 1 a o o 

rH a • 
•-I 

1 
• i 

a 
K 1 

Ma
le

 

Pe
ma

 

To
ta
 

Ma
le

 

Pe
ma

 

J3 o U 

C3 to 10 to t> in 

to 
to 

CM 2 

CO CO 

i5 S 

O 10 
to M 

0) (O 

1 
o 

«4 
o 
s 
o t. 
t3 

lO 

•a o (. 
I 
3 g 

o 
v. in 

. 5 
•0 *J 
t- <a m 

o 

s g 
? I 

6 o 

«4 O 

o. 

10 in 

«H 

a 
( . o 
C 
V 
to 



. 
m 
H CO in to 
0) to H 
•p in O o CM 01 in 
E-< 
b-
in . 
o to lO o> H CM 
i-H <* CO o 8 . to to to • o H o 
to rH 

in • r- . 
o to CO i-t 10 CO to 
H o o to to • . to to to to to • •• E 
(O 

to H CM H o 
H in X) 

ee
 

ee
 

in to h . Oi o> CO 00 o 
o to 1< H to in to in 
H in to CJ> •<ti « •<»< 

• CM o 
CM CM 

es
 

00 es
 

in CO to • 9 . to O to 00 in h 
CM lO to to CM H CM to . lO to to to to • 9 03 lO H •d 

H a 
9 

in H a 
9 

in 
in H o 00 CM H H JS . to H in in a p r4 H lO H H • •H . 9 

a o 
in 9 . . to a> in 01 CO in H 
CO o CM to CM H to 0) CM . CM CM CM CM t e II H CM CM 11 
CM 1 •d CM •• 9 • • ti 

•d •d o 0) 
• o • <D 

> •d p P cr 
u <o o a CO 

> <D * j <0 • u 1 
( . m o p. •H 
O x> « H 9 -d Si • m 0 A <0 ti 9 o 

O X) K S5 +j 0 m . <0 m 3 O H 
(0 m v 9 at 

Q n H H 0) H m P. P 
(D <a 05 d) 1 K O H B •p f-t E= TI W 
cd (D o cd ID Si 
:e EH o 

9 
O 
g 

«-( 

o 

in 
9 
x! p 
p 
as 

I 
9 
to 
o 

•p 
o c 
9 
U 
as 
ta p H 
« 
9 
U 
9 
XI 
•P 

o 
o 

^ V 

si 
E-i 

H 9 
% 

m 
9 
H 
0) 
> in 
9 
X! 9 p Xl 

P 
to 
C 4-> 
•H 0) 
-P 
as 9 iH 3 • 0 
o to • 9 H E c 0 o 9 
O T3 60 
9 in 9 O 
P. •• 9 E 

h o 
X) U x! • C to 
ai CM •P in 

10 o o a> 
C- H c H 
in a . H 9 H b 
o 9 H o 
H U •H 
• H to •P 
o 9 m n 
to X> o 

• • 9 to I, p 
c m a 01 
3 9 X! u 

H p a 
c- 01 p in E H 0 . 9 3 n •<J< m . • • o 9 C 

• o 9 «H 
rH H e •P 

o X! Id 
<H i II p b 

9 
0) 1 •d •d • C 
•P 9 C H 9 (d t . 3 9 to 
•d o as > > Tl H 9 > 
9 •P cr O H 9 
X! 0) 0} O is 
p h 1 • 9 

•ri \/ O • tip T J 3 V C 9 t j (U 9 - to 
4-> -d 
O H P 9 01 "i *H P. *i c B K O si 0 < 6 w EH EH o EH 



. 
0) 
l-l H CM lO 
0) O in in 
P O in in O in a> 
EH 9 
00 c in in in a> 9 
• • • •d o 00 H a> CM to o •H 

rH o CM 01 o CM • . CD in 00 c 
' J ' rH o 1 rH o 
CD . •w. n • 
in in m in m 9 CO . « • to t 3 • o to «3 a> H 9 H to 
rH ai CM o &j • x: <a 
• c~ at M to p > to H in CM H • . •p 9 • CM Si to CM E Si to 00 in O •p in 

in in •d 01 . r- 9 3 •• 
o to o CO to •• 9 0 
H o 00 . L I 9 . a> to CO rH CM <M c p o 
rH H in 9 01 CJ> 
H in to rH 

o o ^ to to 
CO E O • • 
in rH CO o H o 
• o O 9 XI 0! H 
o o o o to O 9 o to H 00 o in tl p 9 I " . 'I' to bO o O H 9 c rH •• XS 9 •d •• 9 C CO CO n in u 0) n in to 9 as 9 
• o 01 C I CJ> rH x! CO H 
o H CO CO • as •p a) in as 

Oi to 00 t- H E »H p . E . H 9 rH o 9 
•in in 3 rH 
• • in 0) . 

00 m to 9 CO 0) 
in H 9 t (H 9 
• H CM to to o to H i> rH 
o at to in to . o> CM 2 o as 
rH to to e i | si e • H rH 11 p CO 1 T3 

9 •d t-
n 1 . • c 0) 

•d o 0) S T3 o 
* 9 . 9 •H 3 •H 

•d > -d •p • + J o* in 9 4 J 
9 9 o •d 0) to o XI as 
> 9 4 > 9 9 h 1 U . L n O P. U • r l v 9 9 XJ 9 a X) x! V TS 

•P 0) O P. 9 3 9 o 9 
0) XI K cr •P • 4-> 
D o CO . 9 CO 0] O rH H p O 

9 ra • 1 9 as 9 9 ta 9 
CO H H m H •rt P. •p 2 > •—' P. 9 as as 9 as X! M O x! 9 B K H fi •p H E w EH H o W 
0) 9 o 01 9 
S EH 

9 
9 
( . 

I M 

V4 
o 
CO 9 
9 
h 
to 
9 
•d 

XI 
P 

CO 

9 
o 
§ 

»H 
« H c o o 
Vi. 
in 
9 

si p 
p 
a 

o 
9 
c 
9 

x: 
9 
a 
a 
+ j 
H 
3 
CO 
9 
U 

P 
•d -d 
2 § 
as 3 in cj" o 
oj • 
J, A 
5 . 
0) q > 
•P 3 9 O X! H 
EH 

CO 
in 
C» 

o 

CO 
o 
«H 
P 
0) 
b 

•P 
0) 
b 
9 
§ 
to 
9 

o 

pa «< 
EH 



The sex r a t i o s during the decline of the old generation 

and emergence of the new generation i n 1958 are shown i n Table kl. 

The data show the general trends i n the sex r a t i o quite c l e a r l y . 

I t can be seen, t h a t , d u r i n g the period when the old generation 

was observed to be decreasing i n abundance,(See Table 48), the 

percentage of males amoijgst: the survivors increased and t h i s shows 

th a t the females died s l i g h t l y e a r l i e r than the males. The sex 

r a t i o s of the new generation adults give no i n d i c a t i o n that there 

i s any di f f e r e n c e i n the time taken by nymphs of each of the sexes 

to reach the a d u l t stage, 

(5) S t r i d u l a t i o n and Copulation. 

Observation of C.germari under f i e l d and aquarium conditions 

has shown that the male generally attempts to copulate w i t h a 

swimming female. The male seizes the female, the two animals 

r i s e together to the water surface and then, e i t h e r the g e n i t a l i a 

are engaged and the copulants swim to the bottom together, or, the 

animals p a r t company and swim away from one another. I t i s therefore 

possible to obtain an approximate idea of the amount of copulation 

t a k i n g place i n the f i e l d by n o t i n g whether many or few such p a i r s 

were observed at the water surface during each day's sampling. 

Such observataons were made during 1958 and the f o l l o w i n g p a ttern 

was observed along section A 100 to A 300 : -

(a) Three p a i r s observed attempting to copulate on 17.4.58 

when the water temperature was 5*0°C, 

(b) Large numbers of p a i r s observed on 23.4,58, 24.4.58, 

25.4.58 and 30.4.58 when the water temperatures were 9^0, 8*0, 9'0 
• 

and 10*5°C r e s p e c t i v e l y . 
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Date Nu&ber 
examined 

Percentage of males. Date Nu&ber 
examined 

Old generation. New generation. IVhole sample. 

20.6.58 105 56 56 

25.6.58 108 66 66 

26.6.58 95 72 72 

4.7.58 194 66 66 

10.7.58 125 45 45 

18.7.58 81 55 55 

24.7.58 77 69 69 

1.8.58 67 85 85 

7.8.58 54 88 88 

15^8.58 51 84 84 

21.8.58 148 96 54 62 

29.8.58 211 100 60 70 

4.9.58 154 100 54 61 

12.9.58 522 56 56 

18.9.58 537 51 51 

^6.9.58 1295 55 55 

B.10.58~ 697 55 55 

Table 4 l . Sex r a t i o s during the decline of the old generation 
and emergence of the new generation i n 1958. A f t e r 
4.9.58 i t was not possible to separate the remnants 
of the o l d generation from the new, so a l l specimens 
were t r e a t e d as new generation m a t e r i a l . 



(c) A f t e r 1.5.58 the number of p a i r s observed decreased 

u n t i l by mid-May they were only seen very occasionally. 

During 1957 very few p a i r s were observed attempting to 

copulate and i t i s therefore important to note that the winter 

of 1956 to 1957 was a very m i l d one and th a t when c o l l e c t i n g began 

on 5^4.57 the water temperature had already reached 10'0°C. 

Larsen (1958) states t h a t the time of p a i r i n g i n water 

bugs depends on the water temperature, and Poisson (1955) states 

t h a t mating does not generally occur at temperatures lower than 

11°C. This would explain the 1958 observations on C.germari and 

would suggest t h a t § temperature?of about 8°C i s required by t h i s 

species before copulating occurs on a large scale. I t would also 

ex p l a i n the f a i l u r e to observe more than a few pairs attempting to 

copulate during 1957, f o r the r e l a t i v e l y high water temperature 

e a r l y i n the year would meein th a t the main copulation period of 

the season would be over by the time observations began. The b e l i e f 

t h a t copulation i s not attempted below a c e r t a i n tempersbire value 

i s f u r t h e r supported by the f a c t that males c o l l e c t e d from the f i e l d 

on 3.5.58 and kept i n j a r s a t 20°C were observed t o s t r i d u l a t e and 

attempt t o copulate, although no such behaviour was occurring i n the 

f i e l d a t t h a t time of the year. 

Thus the present observations on C. germari support the 

view t h a t a c e r t a i n minimum temperature i s required before copulation 

takes place but show tha t the minimum temperature f o r t h i s species 

i s several degrees lower than the 11°C observed i n other species by 

Poisson. 
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The method and f u n c t i o n of s t r i d u l a t i o n i n the Corixidae 

has received a great deal of a t t e n t i o n from a number of w r i t e r s . 

Most modern a u t h o r i t i e s i n c l i n e t o the view of M i t i s (1935) t h a t , 

i n the sub-family Corixinae, the sound i s produced by rubbing a 

f i e l d of pegs on the fore= femur over the sharp edge of the head 

capsule. Males of C.germari s t r i d u l a t i n g i n aquaria have always 

been seen t o make such a movement during sound production. Adult 

males of C.germari, c o l l e c t e d from the f i e l d and kept i n aquaria 

have been observed to s t r i d u i a t e at a l l times of the day but do so 

c h i e f l y at dusk. These males have been observed to s t r i d u i a t e 

w h i l s t swimming as w e l l as when at r e s t . 

S t r i d u l a t i o n occurs only during the part of the year when 

copulation i s t a k i n g place and i t i s therefore almost c e r t a i n to 

have some s i g n i f i c a n c e i n the process of reproduction. I t s exact 

f u n c t i o n , however, i s not very c l e a r . Leston (1955) and Schaller 

(1951) sta t e t h a t the s t r i d u l a t i o n of male Corixidae a t t r a c t s the 

females f o r mating and have found t h a t males r e p l y to a r t i f i c i a l 

sounds or the c a l l s of other males. S i m i l a r l y , Pringle (193^) 

states t h a t the singing of Cicadas serves to assemble l o c a l popul

ations i n t o small groups f o r copulation. I n the present work 

C.germari was observed i n j a r s kept i n the laboratory and the 

s t r i d u l a t i o n of the males was observed to excite other males and to 

cause them t o s t r i d j i l a t e too, but i t d i d not have any noticeable 

e f f e c t on the females. The males showed l i t t l e i n t e r e s t i n 

r e s t i n g females but when they encountered a swimraing female copulation 

was u s u a l l y attempted. Thus i t would appear that the recognition 

and l o c a t i o n of members of the opposite sex i s p r i m a r i l y a.response 

to a v i s u a l stimulus, at l e a s t over distances of a few centimetres, 
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and that the females play a passive part i n the process. I t i s 

possible t h a t s t r i d u l a t i o n may draw animals together from l a r g e r 

distances before v i s u a l r e c o g n i t i o n takes place. Thus, though 

these observations are not necessarily opposed' to the conclusions 

of previous workers, they do suggest that i t would be useful to 

assess the p o s s i b i l i t y t h a t s t r i d u l a t i o r l i n the Corixidae i s 

p r i m a r i l y a means of s o c i a l s t i m u l a t i o n between males. 

(6) The egg and o v i p o s i t i o n . 

The eggs of the Corixidae have been described i n a general 

way by Packard (I898). The number of f u l l y developed eggs i n the 

oviducts of the females of C.germari i n Barbrook r e s e r v o i r during 

the 1957 and 1958 seasons and also the percentages of the females 

c o l l e c t e d i n 1958 that were found to contain such eggs have been 

determined by d i s s e c t i n g sajnples of females c o l l e c t e d from section 

A 100 to A 300. The r e s u l t s are shown i n Tables k2 and k3. The 

f u l l y developed egg w i t h i n the oviduct has a f i r m integument, a 

peduncle, a basal attachment disc and the c h a r a c t e r i s t i c a p i c a l 

micropyle (see photograph I 6 ) ajid can therefore be r e a d i l y 

d i s t i n g u i s h e d from the developing ova. The data i n Table k2 

cleady show an increase i n the mean number of f u l l y developed eggs 

w i t h i n the oviducts throughout the o v i p o s i t i o n period. This shows 

tha t the eggs are c o n t i n u a l l y being developed during the o v i p o s i t i o n 

period and thus the r a t e of change of the mean number of eggs i n the 

oviducts w i l l be r e l a t e d t o the ra t e of egg production and the rate 

of o v i p o s i t i o n i n the f o l l o w i n g way :- I f Sa i s the mean ra t e 

of accumulation of eggs i n the oviducts of the population sampled, 

i d i s the mean r a t e at which eggs are produced w i t h i n the 
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Date. Mesm number of f u l l y developed eggs per female. 

3^4.57 6-8 

17.4.57 9*0 

1.5.57 9-2 

15.5.57 11-3 

29.5.57 10«3 

12.6.57 111. 6 

26.6.57 15*4 

Table 42. Mean number of f u l l y developed eggs per female 
during 1957. A f t e r 26.6.57 the o l d generation 
females died and no eggs were found i n the oviducts 
of the new generation females u n t i l 2.4.58. 



Date. Mean 

eggs 

no. of f u l l y developed 

per female. 

Percentage of females 

containing egga. 
28.3.58 0 0 
2.4.58 0»3 t .59 4 
11.4.58 0«3 t .37 10 

15.4.58 1.8 i .80 51 
17.4.58 1*8 t .69 41 
25.4.58 8»3 tl»26 87 
1.5.58 8»3 11*05 96 
9.5.58 8«9 t l . 2 4 100 
15.5.58 7*7 ti.oo 100 
23.5,58 7«6 tl»59 98 
29.5,58 9«1 ± »99 98 
6.6.58 lO'O 12.01 98 

12.6,58 11«3 t l . l 3 99 
20,6,58 10.2 tl«36 97 
26.6.58 12«0 tl»29 100 
4.7.58 9*2 11-70 95 
10.7.58 10«3 t l . 6 6 95 
18.7.58 9.9 t2.38 86 
24.7,58 5.3 12.05 55 
1.8.58 5.2 1 3«19 45 
5.8.58 1.6 29 

TABLE.43, Mean numbers of f u l l y developed eggs per female and 
percentages of females containing such eggs during 
1958. 



the females and ^o i s the mean rate of o v i p o s i t i o n by the 

population sampled, then :-

= •Sd - 5o 

Thus when Sa i s p o s i t i v e i d ^ 60 

and when i a i s negative hd-

I t must, however, be noted th a t t h i s may not be quite true during 

periods when the o v i p o s i t i o n r a t e i s very low, f o r Poisson (1925) 

states that at low temperatures eggs are retained by the female 

and slowly degenerate. Nevertheless, counts of the f u l l y developed 

eggs i n the oviducts w i l l give a rough measure of the r e l a t i v e rates 

a t which egg production w i t h i n the females and o v i p o s i t i o n go on. 

I t i s c l e a r t h a t during 1957 the mean rate of egg production exceeded 

the mean r a t e of o v i p o s i t i o n throughout the o v i p o s i t i o n period. The 

reasons f o r t h i s w i l l be considered l a t e r . The data f o r the 1958 

o v i p o s i t i o n p e r i o d (Table 45) show that i n the early p a r t of the 

season the rate of egg production exceeded the rate of o v i p o s i t i o n 

so t h a t eggs accumulated i n the oviducts. Later on the mean number 

of eggs i n the oviducts of the females f e l l , showing th a t the rate of 

o v i p o s i t i o n had become greater than the ra t e of egg production. The 

same poi n t i s i l l u s t r a t e d by the percentages of the females examined 

t h a t were found to contain f u l l y developed eggs i n t h e i r oviducts 

(Table 4 5 ) . 

Bemks (1959) has described the egg of C.germari. The egg 

i l l u s t r a t e d i n photograph I 6 i s one dissected out of the oviduct 

of a female and shows the small attachment disc, the micropyle region 
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KEY TO PHOTOGRAPHS l6 and 1?. 

m =- micropyle. 

b =- basal disc, 

c =- cement, 

s = substratum. 

The measurements r e f e r to the length of the integument of the egg 

along i t s longest a x i s , excluding basal disc, cement and substratum. 



Hiotograph.ie. 

rO nra. 

0'95 nm. 





and', the shape of the egg. Each egg i s attached to the substratum by 

a s u b s t a n t i a l q u a n t i t y of brown cement which completely hides t^e 

small basal attachment disc (Photograph 17). The shape of the egg 

i s such t h a t when the egg i s attached to a plane surface the egg 

i s i n c l i n e d at an angle to t h a t surface. 

A f t e r about 8 days at l6°C "the eyes of the i n s t a r 1 nymph 

can be seen through the integument of the egg as a p a i r of small 

reddish spots. Subsequently, the eyes become larg e r and the red 

dorsal abdominal glands and limbs of the nymph can be seen (Photo

graph l 8 ) . 

Banks (1939) found t h a t the eggs of Cgermari hatched i n 

about 20 days but d i d not state at what temperature. I n the present 

work the time talcen to hatch at a number of temperatures was 

determined. Seven j a r s were set up, each containing f o r t y 2 x % inch 

glass specimen tubes h a l f f u l l of water. Water v/as then put i n the 

j a r s u n t i l the water l e v e l i n each j a r coincided w i t h the l e v e l i n 

the tubes. Freshly l a i d eggs c o l l e c t e d from the f i e l d v/ere used i n 

the experiment and one was placed i n each tube. Each j a r was then 

kept at constant temperabire, the temperatures used being 5, 10, 20, 25 

and 30°C. The seventh j a r was kept at f o r seven days and was 

then kept a t 25°C u n t i l hatching occurred. The j a r s t'/ere examine-d 

d a i l y and the number of eggs hatching at each temperature on each day 

was noted. The r e s u l t s f o r the four highest temperatures are 

summarised i n Figure 22, but hatching at 10°C took too long f o r 

d a i l y observations to be continued and i t i s only possible to state 

t h a t at t h a t temperature hatching took between A-6 and 56 days. 

Figure 22 shows that the r e l a t i o n s h i p between hatching time ahd 

temperature i s very roughly l i n e a r . 
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DAYS TAKEN 
TO HATCH. 

DEGREES C. 

Figure,22,' Relationship between tenrperatttre 

and time taken for eggs to hatch. 



Poisson (1933) studied the e f f e c t of temperature on the 

embryonic development of C . l a t e r e i l i s . He found that between 

0 and 9°C embryonic development was arrested and the eggs could be 

preserved f o r 10 t o 12 months i f cooled down i n the early stages 

of development. The eggs of C.germari kept at 5°C f o r seven 

days d i d not show any signs of development, but when the temperature 

was r a i s e d t o 25°C hatching occurred i n 6 to 7 days. Other 

Cgermari eggs kept at 5°C f o r 4 months d i d not show einy signs of 

development during t h a t period. These observations on the eggs 

of G.germso'i agree w i t h Poisson's statements regarding the egg of 

C l a t e a r a l i s . NQW, assuming Figure 22 to approximate to a s t r a i g h t 

l i n e and assuming that the number of degree-days above the threshold 

value required f o r complete embryonic development i s very roughly 

constant at a l l temperatures studied, i t i s possible to calculate 

t h a t the threshold valie i s about 8°C and that between 90 and 120 

degree-days above t h i s temperature are required f o r complete embryonic 

development by C.germari. Ciearly the assumptions made above are not 

s t r i c t l y true and the values used i n the c a l c u l a t i o n are not 

s u f f i c i e n t l y accurate to gin e very r e l i a b l e estimates of the 

threshold value of of the number of degree-days required f o r 

development, but the f i g u r e s derived above do, at l e a s t , give a 

means of estimating very roughly how long the eggs of C.germari 

w i l l take to hatch at any giveh temperature. 

The r e s u l t s so f a r presented show tha t the eggs of C.germari 

can hatch even at the abnormally high temperature of 30°C (See Fig.5). 

Nevertheless, the r e s u l t s obtained suggest that there i s a marked 

f a l l - o f f i n percentage hatching success at temperatures above 20°C 
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and t h a t the optimum temperature, under lab o r a t o r y conditions, 

l i e s between 10 and 20°C. Thus, i n the experiment described 

above, the percentages of eggs hatching successfully were hO, 

'+7'3, 35 and 5 at temperatures of 10, l 6 , 20, 25 and 30°C 

r e s p e c t i v e l y . 

At eclosion the integument of the egg i s s p l i t from the 

micropyle region f o r about h a l f to one-third o^^ength of the egg 

i n t o a series of 6 to 8 p e t a l - l i k e s t r i p s (Photograph 19) and the 

nymph emerges through the space so formed. I n the case of eggs 

hatching i n the l a b o r a t o r y , the nymphs have occasionally been 

observed to be attacked by the fungus Saprolegnia sp. w h i l s t i n 

the process of emerging. This has not been observed i n the f i e l d . 

G r i f f i t h (19^5) found th a t the integument of the egg of R.acuminata 

was s p l i t i n t o four s t r i p s at the a p i c a l end during eclosion. The 

number of s t r i p s i s greater and rather more v a r i a b l e i n the case of 

C.germari aggs. 

Specimens of C.punctata, C.wollastoni and C.sahlbergi kept 

i n j a r s i n the l a b o r a t o r y were found to o v i p o s i t r e a d i l y on a v a r i e t y 

of m a terials i n c l u d i n g dead leaves, small twigs, Elodea sp, 

Juncus effusus sS$§fllf Equisetum stem, f i b r o u s peat and even the glass 

sides/ of the j a r s . Leston (1955) studied C.punctata, C.dorsalis and 

C. f a l l e n i under l a b o r a t o r y conditions aind found that these species 

would o v i p o s i t on pieces of Elodea canadensis and that they usually 

chose pieces more than 2 cm. l o B g . He also found that females of 

C. castanea provided w i t h Elodea and Juncus communis oviposited on 
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both w i t h no suggestion of preference. I n the present work 

ijtj^as found t h a t specimens of germari kept i n j a r s i n the 

la b o r a t o r y would co-vlfpaslt-c on pieces of Chara and on J. ef fusus 

stems, the eggs usually being l a i d at night and placed on concealed 

parts of the p l a n t m a t e r i a l . As a r e s u l t of t h i s , i t was assumed 

tha t C.germari had s i m i l a r o v i p o s i t i o n habits to the other species 

mentioned above. Therefore, i n 19^^"4^^:^"ri¥e®^ bundles of 

J.effusus stem were t i e d t o stones wrapped i n black mosquito 

n e t t i n g , such as was used; on the traps, and were submerged4.n the 

r e s e r v o i r ^ s e f t i o n A 100 to A 300, The bundles of Juneus stem 

were examined at i n t e r v a l s of one week. On 36.^.58 no eggs were 

found on the Juncus bundles, but eggs were found on the traps at 

a l l depths and on the stones used to anchor the Juncus bundles. 

Fx3."--ination of the ordinary stones of the substratum showed that 

eggs had been l a i d on them too, but handfuls of J.bulbosus agg. 

and dead stems of J.effusus and grass from section B 10 to C -20 

were c a r e f u l l y examined without any eggs being found. These observ

ati o n s show tha t although C.germari w i l l l a y eggs on dead or l i v i n g 

vegetation i t shows a marked preference f o r stones. 

On the same data 50 stones from 6«5 (1*5 f t . ) depth were 

c a r e f u l l y removed from the stony bank of section A 100 to A 300. 

The o r i e n t a t i o n of each stone when l y i n g on the bottom was noted and the 

numbers of eggs on d i f f e r e n t parts of each stone were determined. 

The r e s u l t s are summarised i n Table kk. D i v i s i o n of the surface of 

each of a number of i r r e g u l a r stones i n t o the four regions shown i n 

t h i s Table i s a somewhat a r b i t r a r y matter and care must be exercised 
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Total number of eggs. 

Top of stone 

Bottom of stone 

0 
Chi-squared =199 

P < '001 
199 

Overhung sides and crevices 

V e r t i c a l and upv/ard-facing sides 

72 
Chi-squared =26*6 

p <<;^ *001 
22 

Table kk. Parts of stones selected as o v i p o s i t i o n s i t e s . F i f t y 
stones were examiijed and t h i r t y - s e v e n of them had eggs 
on. The f i g u r e s quoted are the t o t a l numbers of eggs 
on the d i f f e r e n t regions of these thir t y - s e v e n stones. 



i n drav/ing conclusions from such data. Nevertheless, i f , as 

seems reasonable, i t i s assumed tha t the top and bottom surfaces 

have about the same area, i t i s possible to compare the t o t a l 

number of eggs on each of these two parts i f the stones by m.eans 

of a Chi-squared t e s t . Such a t e s t has been applied to the <iata 

i n Table kk and shows that s i g n i f i c a n t l y more eggs are l a i d OQ the 

lov/er thsm on the upper surfaces of the stones. The eggs l a i d on 

the sides of the stones have been divided i n t o those l a i d on over

hung sidds or i n crevices and those l a i d on upward-facing or vertical 

surfaces. A Chi-squared t e s t shows that s i g n i f i c a n t l y more eggs 

are l a i d i n the former than i n the l a t t e r places. 

Thus C.germari not only shows a preference f o r stones as 

o v i p o s i t i o n s i t e s but also shows a m.arked preference f o r the concealed 

or dovmward-facing surfaces of those stones. 

The h a b i t of o v i p o s i t i n g i n concealed sind therefore o f j e n 

dark places amon gS^he stones suggest®that, during the o v i p p s i t i o n 

p e r i o d , the females of C g e r m a j i might d i f f e r somewhat from the males 

i n t h e i r response t o i l l u m i n a t i o n . Such an e f f e c t would help to explain 

the high p r o p o r t i o n of males i n t r a p samples taken during the 

o v i p o s i t i o n period. To t e s t t h i s p o s s i b i l i t y a simple experiment 

was performed. A small enamel dish was set up w i t h a 1. cm. ('25 in.) 

t o 1»5 cm ('37 i n . ) l a y e r of Barbrook r e s e r v o i r sand on the bottom 

covered by about 3 cm. ('75 i n . ) depth of water. Twenty females 

of C.germari were placed i n the dish and h a l f the top of the dish 

was shaded by means of a piece of•cardboard. The dish was then placed 
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i n the s u n l i g h t i n such a p o s i t i o n t h a t h a l f of i t was i l l u m i n a t e d 

by the sun and h a l f was shaded. Af t e r 15 minutes the number of 

i n s e c t s i n each h a l f of the d ish was determined. The p o s i t i o n of the 

cardboard was then a l t e r e d so t h a t the halves of the dish under shade 

and; s u n l i g h t were reversed and the experiment was repeated. This 

process was continued f o r f i v e t r i a l s w i t h each sex and the r e s u l t s 

are shown i n Table ^5^. A Chi-squared t e s t showed that there was no 

s i g n i f i c a n t d i f f e r e n c e between the numbecs of males i n each of the 

two halves of the dish but t h a t the females shov/ed a s i g n i f i c a n t 

tendency to p o s i t i o n themselves i n the less b r i g h t l y i l l u m i n a t e d h a l f . 

The rate of o v i p o s i t i o n during 1958 was determined on section 

A 100 to A 300 by placing at a depth of 1*0 m. (3 f t . ) a series of 

f i v e stones of s i m i l a r size and shape each of which was wrapped t i g h t l y 

i n a piece of the blackened n e t t i n g used on the traps. At i n t e r v a l s 

of seven days the stones were examined and a l l eggs l a i d on the stones 

and^ n e t t i n g were removed and counted. The r e s u l t s are shown i n 

Table ^6 and Figure 23. I t i s only reasonable to assume that the 

o v i p o s i t i o n r a t e on these stones at d i f f e r e n t times i n the season i s 

p r o p o r t i o n a l to the rate on section A 100 to A 300 as a whole i f i t 

can be shown tha t even the highest number of eggs recorded per stone 

per week represented a considerably lower egg density than would be 

obtained on a s i m i l a r stone from which the eggs were not p e r i o d i c a l l y 

removed. Sych a s i t e was placed i n the r e s e r v o i r on 30.^.58 and when 

i t was removed on 11.9.58 i t had 5^6 eggs on i t , of which ^33 had 

hatched.. This shows that the number of eggs deposited on the f i v e 

s i t e s during each v;eek was l i m i t e d by the o v i p o s i t i o n rate of 

the animals and not by the egg c a r r y i n g capacity of the s i t e s . Hence 
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T r i a l Males '̂  Females 

Shaded Unshaded Shaded Unshaded 

1 13 7 15 5 
2 13 7 l^f 6 

3 12 8 16 k 

k 9 11 17 3 
3 12 8 13 7 

Totals 59 ^1 75 25 

Chi-squared 3'2'f 25-0 
P r o b a b i l i t y > -05 < ^ -001 

Table 45. 



Date. Number of eggs removed on each date. T o t a l eggs remosed by 

each date as % of the 

seasons t o t a l ^ 6% 

confidence l i m i t s . 

Date. 

1 11 111 Iv V T o t a l s . 

T o t a l eggs remosed by 

each date as % of the 

seasons t o t a l ^ 6% 

confidence l i m i t s . 

26.4.58 0 0 0 0 0 0 0 

1.5.68 20 26 23 23 26 118 2*2 • 2*70 

8.5.68 21 32 71 66 112 302 7.7 • 2*60 

15.5.68 34 60 76 53 75 288 13*0 2*63 

22.5.68 68 40 49 43 38 238 17*4 2*47 

29.5.68 16 31 33 34 53 167 20-4 + 2*42 

5.6.68 40 62 88 49 93 332 26*5 1 2*32 

12.6.58 60 111 128 66 95 460 34*9 A- 2*18 

19.6.58 134 116 136 126 136 646 46'8 * 2*16 

26.6.58 90 129 108 88 117 632 56«5 4- 1»79 

3.7.58 127 131 127 86 103 573 67*1 + 1'66 
10.7.58 170 166 158 119 112 724 80*3 + 1*20 

17.7.58 65 181 89 124 50 509 89»7 + 0*87 

24.7.58 48 69 90 46 69 321 95«5 0«57 

31.7.58 9 34 34 14 52 143 98*2 0«36 

7.8.58 16 11 8 14 15 64 99*4 • 0^21 

14.8.58 3 , 5 2 4 12 26 99>8 + 0*06 

21.8.58 0 0 2 3 4 9 100 

28.8.58 0 0 0 0 0 0 100 

TABLE.46. Numbers of eggs l a i d on f i v e 8 t o n e ^ - ( l to v ) on 

sec t i o n AlOO to A300 during 1958. 
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Figure.23, Oviposition rate on section AlOO to A500 i n 1958. 



the data i n Table k6 can be talcen as a r e l a t i v e measure of the rate 

of f i e l d o v i p o s i t i o n i n 1958. 

Figure 2k shows the mean number of eggs l a i d per s i t e per 

week, the mean number of f u l l y developed eggs per female found i n 

samples of females, and the water temperatures during the 1958 o v i 

p o s i t i o n period. Poisson (1933) states t h a t the onset of o v i p o s i t i o n 

i n the Corixidae i s governed by temperature and that i t w i l l not occur 

at temperatures lower than 9 to 10°C. Figure 24 shows t h a t , although 

the females contained f u l l y developed eggs before the temperafcire 

reaphed 9 to 10°C, no egprs were l a i d u n t i l that teiperature^reached. 

During 1959 o v i p o s i t i o n s i t e s were placed i n the res e r v o i r on 21.4.59 

when the water temperature was 9'0°C. No eg5:s were found on the 

s i t e s on 22.4.59when the v/ater temperature was 9'5°C, but eggs were 

found on 24.4.59 by which time the temperalure had reached 11'0°C. 

Thus these data f o r C.germari agree w i t h Poisson's statements regarding 

the Corixidae i n general. 

(7) F l i g h t ; -

Popham (1943 a) has shown that adult Corixidae are stimulated 

to f l i g h t by high temperatures, overcrowdinggand unsuitable backgrounds. 

He suggests t h a t f l i g h t i s a means of escaping from an unsuitable 

h a b i t a t or of reducing abundance i n an excessively crowded h a b i t a t . 

A s i m i l a r p o i ^ t i s made by Brovm (1954) who, on the basis of l i g h t 

t r a p c o l l e c t i o n s , states that dispersion by f l i g h t takes place c h i e f l y 

i n the spring and the autumn. Brown suggests that the spring 

dispersion i s of overwintered adults and probably occurs before 
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b r e e d i n g , w h i l s t the autumn d i s p e r s i o n i s o f new g e n e r a t i o n a d u l t s 

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

Regarding the c l i m a t i c c o n d i t i o n s r e q u i r e d f o r f l i g h t , 

Popham (1952a, 1952b) s t a t e s t h a t under normal c o n d i t i o n s f l i g h t 

o ccurs a t temperabres lower thsin 15°C and he suggests t h a t no f l i g h t 

o c c urs d u r i n g the w i n t e r months. The f a c t t h a t h o t , s t i l l days 

appear t o s t i m u l a t e C o r i x i d a e t o f l i g h t v/as noted by Macan ( 1 9 3 9 ) . 

Poisson, R i c h a r d and R i c h a r d (1957) c l a i m t h a t the g r e a t e s t amount 

of f l i g h t a c i t i v i t y c o i n c i d e s w i t h l a r g e f l u c t u a t i o n s o f temperature, 

h u m i d i t y , p r e s s u r e and the p r o x i m i t y of storms. These t h r e e workers 

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

and new moons. 

Attempts a t f l i g h t by C.germari were observed a t Barbrook 

on 3 . 1 0 . 5 7 , 2 3 . ^ . 5 8 , 39.^^.58, 1 . 5 . 5 8 , 2 2 . ^ . 5 9 and 2 3 . ^ . 5 9 - The 

water temperatures f o r the l a s t f i v e dates were 9*0, 1 0 ' 5 j 11*0, 

9*5 and 10*0 °C r e s p e c t i v e l y , and on a l l dates the a i r temperature 

was about 20°C. This shows t h a t C.germari w i l l attempt t o f l y v/hen 

the water temperature i s lower than the 15°C p o s t u l a t e d by Popham. 

Each o f the days when a t t e m p t s a t f l i g h t were observed were hot days 

v ; i t h r e l a t i v e l y l i g h t winds. The i n s e c t s were observed e i t h e r 

t o emerge from t h e water onto t h e shore and a t t e m p t to f l y from t h e r e 

or t o a t t e m p t t o f l y from the water s u r f a c e . I t was n o t i c e a b l e t h a t 

d u r i n g s h o r t p e r i o d s when the sun was obscured by c l o u d the animals 

on t h e shore r e t r e a t e d i n t o t h e water and those ofi the water s u r f a c e 

submerged themselves. ( V i g g l e s w o r t h (1950) draws a t t e n t i o n t o 
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t h e i mportance o f i n s o l a t i o n as a means o f r a i s i n g the body temper

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

a l s o t o the f a c t t h a t v/hen i n s e c t s exposed t o d i r e c t i n s o l a t i o n 

are shaded t h e i r body temperature f a l l s r a p i d l y . Such e f f e c t s w i l l 

be p a r t i c u l s i r l y i m p o r t a n t i n the case o f a q u a t i c animals whose body 

te m p e r a t u r e s on emergence from t h e water are u s u a l l y s e v e r a l degrees 

l o w e r than a i r temperatures i n the shade. I n a d d i t i o n , C.germari 

does n o t c a r r y out any p r e l i m i n a r y wing v i b r a t i o n as a means o f r a i s i n g 

i t s body tem p e r a t u r e p r i o r t o f l i g h t . Thus the pause between 

emergence from the water and attempted f l i g h t , which was observed by 

Popham and i n t e r p r e t e d by him as a p e r i o d o f wing d r y i n g , may also.be 

i m p o r t a n t j i n the case of upl a n d s p e c i e s , as a p e r i o d when the. body 

temp e r a t u r e igdbaised by i n s o l a t i o n t o a l e v e l s u f f i c i e n t f o r f l i g h t 

t o occur. A l s o , i f t h i s be the case, then i t i s h i g h l y probable 

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

l a r g e upland water bodies such as Barbrook r e s e r v o i r where the water 

t e m p e r a t u r e s and the n i g h t - t i m e a i r temperatures are l i k e l y t o be 

w e l l below 20°C even d u r i n g most o f the summer. 

Alt h o g g h l a r g e numbers o f C.germari have been observed 

a t t e m p t i n g t o f l y from Barbrook r e s e r v o i r , almost a l l ' o f them f l e w o n l y 

a metre or two b e f o r e f a l l i n g back i n t o the water or onto the shore 

and l e s s than t e n specimens have been observed t o succeed i n f l y i n g away 

from the r e s e r v o i r . T h i s sug.-^ests t h a t f l i g h t from Barbrook r e s e r v o i r 

has a n e g l i g i b l e e f f e c t on the abundance o f C.germari i n the r e s e r v o i r , 

a view which i s supported by t h e f a c t t h a t t h e r e was no d e t e c t a b l e 

<ieicrease i n t h e c a t c h per S.N.S. on the sampling occasion f o l l o w i n g 
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any o f the observed " f l i g h t days" as compared to the c a t c h per S.N.S. 

on t h e sampling o c c a s i o n p r e c e e d i n g each " f l i g h t day". 

The species c o m p o s i t i o n o f catches o f f l y i n g o r immigrant 

C o r i x i d a e have been s t u d i e d by Thomas ( I 9 3 8 ), Brown ( 1 9 5 1 - 2 ) , Leston 

and Gardner ( 1 9 5 3 ) , Leston (195^) and Poisson, R i c h a r d and Richard ( 1 9 5 7 ) . 

The d a t a g i v e n by these w r i t e r s are from v a r i o u s places i n the south 

of England except f o r t h e l a s t t h r e e who worked i n France. Although 

the s p e c i e s c o m p o s i t i o n o f each o f the samples w i l l depend t o some 

e x t e n t on t h e species p r e s e n t and t h e i r r e l a t i v e abundance i n each 

area, and p o s s i b l y a l s o fen t h e r e l a t i v e s u s c e p t i b i l i t i e s of the 

v a r i o u s species t o c a p t u r e i n l i g h t t r a p s , comparison o f the data 

shows t t h a t t h e r e i s a g e n e r a l tendency f o r f i v e species t o predominate 

i n these samples. These s p e c i e s , C . d o r s a l i s , C.praeusta, C . l a t e r a l i s 

and C . s a h l b e r g i , are a l l l o w l a n d species which o f t e n occur i n s m a l l 

w a t e r bodies which are l i a b l e t o be u n s t a b l e as regards water l e v e l 

and changes wrought by man. For s p e c i e s 5 l i v i n g i n such places g r e a t 

m o b i l i t y may be v e r y u s e f u l as a meams of m a i n t a i n i n g or i n c r e a s i n g the 

number o f h a b i t a t s occupied by the species and i n remedying temporary 

e x t i n c t i o n o f the species i n p a r t i c u l a r l y u n s t a b l e water bodies. For 

such s p e c i e s as C,germari iirhich occur c h i e f l y i n l a r g e r , more s t a b l e 

water bodies l a r g e s c a l e d i s p e r s i o n by f l i g h t may be a disadvantage 

owing t o the f a c t t h a t the l a r g e r type of water bodies favoured by t h i s 

s p e c i e s w i l l , i n g e n e r a l , be scarce and hence the p r o b a b i l i t y o f f l y i n g 

i n d i v i d u a l s f i n d i n g a s u i t a b l e h a b i t a t t o l a n d i n w i l l be very s m a l l . 
> 

D u r i n g e a r l y June 1959 a p r e l i m i n a r y experiment was conducted on 

C.germari, C . w o l l a s t o n i and C . s a h l b e r g i i n an attempt t o est i m a t e the 

r e l a t i v e w i l l i n g n e s s o f each o f these species t o f l y . Two t r i a l s were 
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made f o r each s p e c i e s . For each species an enamel d i s h was set 

up c o n t a i n i n g b ottom m a t e r i a l from the h a b i t a t where the specimens 

o f t h a t s pecies were c o l l e c t e d . The dishes were f i l l e d w i t h water 

t o a s t a n d a r d l e v e l and the bottom m a t e r i a l was arranged so as t o 

form a s l o p i n g ramp coming up from the water a t one end of each d i s h . 

Each d i s h was then i l l u m i n a t e d by .means o f a 100 w a t t e l e c t r i c " b u l b 

s h i n i n g o b l i q u e l y o nto t h e water a t the s h a l l o w end o f the d i s h from 

a d i s t a n c e o f 1*5 f t . ( 0 ' 5 m.). I n the f i r s t t r i a l 15 i n d i v i d u a l s o f 

each sp e c i e s were p u t i n t o the a p p r o p r i a t e dishes and the number o f 

specimens r e m a i n i n g i n each d i s h was noted every h a l f hour. The r e s u l t s 

are shown i n Table k?. I n the second t r i a l , 10 i n d i v i d u a l s of each 

s p e c i e s v;ere used. The r e s u l t s are shown i n Table ^ 8 . No specimens 

o f C , g e r m a r i f l e w from t h e d i s h d u r i n g e i t h e r t r i a l and a Chi-squared 

t e s t showed t h a t , i n b o t h t r i a l s , s i g n i f i c a n t l y more specimens of 

C. s a h l b e r g i and o f C . w o l l a s t o n i than o f C.germari f l e w from the dishes. 

T h i s a g a i n suggests t h a t C.germari i s not a . species t h a t f l i e s r e a d i l y , 

though f u r t h e r t r i a l s a t d i f f e r e n t times o f the year would be r e q u i r e d 

i n o r d e r t o pro^e t h i s p o i n t c o n c l u s i v e l y . No p h y s i c a l reason has 

been found f o r the a p p a r e n t l y poor powers of f l i g h t i n t h i s s p e c i e s , 

th e wings are q u i t e well developed and i n the specimens so f a r d i s s e c t e d 

the f l i g h t muscles appeared t o be adequately developed. 

The evidence so f a r a v a i l a b l e t h e r e f o r e suggests t h a t d i s p e r s i o n | 

by f l i g h t i s n o t i m p o r t a n t t o C.germari as a means o f r e d u c i n g excessive 

abundance, though the r e l a t i v e l y s m a l l numbers t h a t do f l y from 

Barbrook- r e s e r v o i r might be a means of e s t a b l i s h i n g the species i n new 
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Time 
( h o u r s ) 

Temperature- (°C.) 
o f water 

C.germari C . w o l l a s t o n i C. s e i h l b e r g i Time 
( h o u r s ) 

Temperature- (°C.) 
o f water 

0 • 16-5 15 15 15 

0-5 17*0 15 Ik 15 

I'O 17-5 15 Ik 15 

1-3 18*5 15 13 1 ^ 

20*0 15 12 12-

2-5 20*0 15 11 12' 

5-0 21*0 15 10 11 

5-5 2 1 ' 0 15 10 10 

22*0 15 10 9 

Table ^ 7 . The numbers o f each o f t h r e e species s t i l l p r esent i n 
the d i s h a f t e r each h a l f hour p e r i o d . The numbers o f 
C.germari which f l e i v and d i d n o t f l y frora the di s h 
d u r i n g t h e f o u r hour p e r i o d were compared w i t h the 
co r r e s p o n d i n g v a l u e s f o r each o f the o t h e r s p s c i e s by 
means o f 2 x 2 c o n t i n g e n c y t a b l e s . The values o b t a i n e d 
v;ere :- C.germari and C . s a h l b e r g i , Chi-squared =• 8*6^ 

and P<C*001; C.germari and C . v f o l l a s t o n i , Chi-squared 
= 6*00 and P < ' 0 0 1 . 



Time 
( h o u r s ) 

Temperature (°C.) 
of water 

C.germari C . w o l l a s t o n i C. s a J i l b e r g i Time 
( h o u r s ) 

Temperature (°C.) 
of water 

0 19-5 10 10 10 

0 . 5 2 0 ' 0 10 10 9 

l-O- 21-0 10 9 6 

1-5 21-0 10 7 5 

2-0 22*0 10 6 4 

2-5 22-5 10 k k 

3'0 22*5 10 3 1 

5-5 22*0 10 3 1 

k'O 22*0 10" 2 1 

Table k8. E x p l a n a t i o n as f o r Table 47 , except t h a t the data f o r 
C.germari and C . s a h l b e r g i gave Chi-squared =• 16*36 and P<ooi, 

the d a t a f o r C.germari and C. w o l l a s t o n i gave Chi-squared 
= 13*30 and P < ; ' 0 0 1 . 



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

t o i t than Barbrook r e s e r v o i r . 

On 3 9 . 4 . 5 8 samples were taken of the specimens a t t e m p t i n g t o 

f l y from t h e r e s e r v o i r . F o r t y - t h r e e specimens were taken from the 

sandy shores a t B, and 35 ( 8 l % ) o f these were found t o be males. 

From the water s u r f a c e on s e c t i o n A 100 t o A 300 s e v e n t y - e i g h t specimens 

were c o l l e c t e d , o f which 57 (47%) were males. A net sampple of 

swimming specimens taken from s e c t i o n A 100 t o A 300 tolzen on 1 . 5 . 5 8 

c o n t a i n e d 222 specimens of which l 4 0 (63%) were males. The sex r a t i o s 

o f these t h r e e samples were t e s t e d by Chi-squared methods which showed th| 

t h a t t h e two samples of i n s e c t s l^^hich attempted t o f l y d i f f e r e d s i g n i f 

i c a n t l y from one another and from the sample of swimming specimens, 

so f a r as sex r a t i o was concerned. 

The females c o l l e c t e d on 3 0 . 4 . 5 8 w h i l s t a t t e m p t i n g t o f l y from 

the water s u r f a c e were d i s s e c t e d and most o f them had f u l l y developed 

eggs i n t h e i r o v i d u c t s . Thus i f they had managed to f l y t o a ne\i 

h a b i t a t they v;ould have been a b l e t o l a y f e r t i l e eggs. 

( 8 ) P a r a s i t e s o f C.germari. 

An i n t e r n a l p a r a s i t e o c c urred commonly i n specimens of 

C.germari from Barbrook, Ramsley and L i t t l e Barbrook r e s e r v o i r s . This 

i s p r o b a b l y a g r e g a r i n e p r o t o z o a n but so f a r i t has not been i d e n t i f i e d . 

T h i s p a r a s i t e has a l s o been found i n o c c a s i o n a l specimens o f C.praeusta , j 

C . w o l l a s t o n i and G. gropinqua from Barbrook r e s e r v o i r and i n a specimen 

of C.venusta from L i t t l e Barbrook r e s e r v o i r , b ut has not been fo u i i d i n 
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C o r i x i d a e from the Duckpool on B i g Moor. A s i m i l a r p a r a s i t e has 

been found i n specim.ens o f C . d i s t i n c t a , C . v / o l l a s t o n i and C . c a r i n a t a 

from u p l a n d r e s e r v o i r s - i n Teesdale, Co. Durham.. 

The cj'sts of this p a r a s i t e can e a s i l y be seen as s p h e r i c a l , 

w h i t e o b j e c t s up t o I'O ram. i n diameter l y i n g i n the haemocoel o f 

the h o s t . Tables k9 and 50 and F i g u r e 25 show the seasonal 

f l u c t u a t i o n i n percentage o f C.gerraari m a t e r i a l f r o r : s e c t i o n A 100 

t o A 300 t h a t c o n t a i n e d these c y s t s . I n 1957 and 1958 none of the 

specimens c o n t a i n e d c y s t s a t the b e g i n n i n g o f the emergence o f the 

new g e n e r a t i o n a d u l t s , though c y s t s were o c c a s i o n a l l y observed i n 

i n s t a r k and 5 nymphs, b u t d u r i n g the w i n t e r and s p r i n g the 

percentage i n c r e a s e d and by e a r l y summer i t reached a v alue of 90 

t o 100%. These f i g u r e s , b e i n g based on counts of o n l y one sta^e 

i n t h e l i f e c,ycle o f the p a r a s i t e , do n o t n e c e s s a r i l y show the 

t r u e i n f e c t i o n r a t e i n the h o s t species and; even i f t h i s p o i n t be 

i g n o r e d t h e r e i s no i n d i c a t i o n t h a t the p a r a s i t e i s d i r e c t l y 

r e s p o n s i b l e f o r the death o f the h o s t , f o r i n I 9 5 8 90 t o lOO^o 

of the h o s t s c o n t a i n e d t h e p a r a s i t e f o r about t h r e e months b e f o r e 

the numbers cf C.germari began t o decrease. Even so, i t i s 

l i k e l y t h a t the h o s t s u f f e r s some l o s s of e f f i c i e n c y from the 

presence o f the p a r a s i t e and t h a t the p a r a s i t e i n f l u e n c e s the 

r a t e o f breakdown o f c o r i x i d m a t e r i a l a f t e r death. 

S e v e r a l s m a l l f i e l d experiments were conducted to examine 

t h e p o s s i b l e e f f e c t s of the p a r a s i t e on the h o s t . I n only 

one case was i t p o s s i b l e to demonstrate any marked 

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

i n g c y s t s and those not containing c y s t s . On 23»k,3B 

s e v e n t y - s i x specimens of C.germari were c o l l e c t e d 
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Date. Percentage containing cysts t 6% confidence limits. 
Old generation. New generation. 

3.4.57. 47 t 26'2 
17.4.57. 42 t 12.6 
1.5.57. 50 t 9'6 
15.5.57. 73 ± 8.2 
29.5.57. 94 ± 5»7 
30.5.57. 94 ± 7*5 
2.6.57. 95 ± 4*4 
26.6.57. 97 ± 4*0 
25.7.57. 0 
7.8.57. 17 t 9»6 
21.8.57. 32 ± 6«5 
4.9.57. 26 ± 6»1 
18.9.57. 29 ± 3«8 
2.10.57. 29 t 5.0 
16.10.57. 27 t 5»5 
30.10.57. 35 t 5'8 
13.11.67. 36 t 6.1 
24.12.57. 46 t 20»7 

TABLE.49. Percentages of specimens containing parasite cysts during 1957. 



Date. Percentage containing c y s t s t 5' > confidence l i m i t s . 

Old generation. Ne* generation. 

20.1.58. 56 i 6'9 

5.5.68. 44 <• 12*2 

28.3.58. 36 I 11-5 

2.4.58. 35 t 13*2 

11.4.58. 42 t 14.0 

15.4.58. 46 t 10-9 

17.4.58. 47 • 9'8 

25.4.58. 61 t 9«8 

1.5.58. 60 t 9-3 

9 9 5•58• 64 t 9'4 

15.5.58. 73 £ 8'8 

25•5.58. 79 t 8'1 

29.5.58. 76 t e'5 

6.6.58. 74 t 8«6 

12.6.58. 91 t 5'7 

20.6.58. 93 ± 5'1 

26.6.58. 96 i 3-9 

4.7.58. 97 i 3'4 

10.7.58. 99 t 2'0 

18.7.58. 99 t 2.0 

24.7.58. 99 t 2'1 

1.8.58. 99 t 2'0 

7.8.58. 100 

ie.8. 5 8 . 98 t 4-3 0 

21.8.58. 100 0 

29.8.58. 98 t 4'3 1 1-9 

4.9.58. 87 t 14'6 2 *- 2*8 

12.9.58. 10 6-0 

18.9.58. 11 6'3 

26.9.58. 11 *- 6'3 

2.10.68. 13 6-7 

10.10.68. 12 6-5 

16.10.58. 18 7.7 

4.11.58. 17 7.7 

29.12.68. 35 9-9 

TABLE.60. Percentages of specimens containing p a r a s i t e c y s t s during 1958. 
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Figure,25, Seasonal tluctuation i n peitjentage of adults containing 

parasite c y s t s . 



from s e c t i o n A 100 t o A 300 w h i l s t a t t e m p t i n g t o c o p u l a t e and 31% 

o f these were found t o c o n t a i n p a r a s i t e c y s t s . When the r a t i o :-

Number o f specimens c o n t a i n i n g c y s t s : number not c o n t a i n i n g c y s t s , 

was compared w i t h s i m i l a r r a t i o s f o r the n e t samples taken on 17.4 .58 

and 2 5 . 4 . 5 8 by means o f 2 x 2 c o n t i n g e n c y t a b l e s , Chi-squareds of 

0*14 and 1*66 ( P > * 7 0 , P > ' 1 0 ) were g i v e n . Thus the p r o p o r t i o n 

o f c o p u l a t i n g specimens c o n t a i n i n g c y s t s d i d not d i f f e r s i g n i f i c a n t l y 

f rom the p r p p o r t i o n i n the n e t samples taken a t the same time o f the 

year. On 30.4 . 58 t h e p r o p o r t i o n o f c y s t - c o n t a i n i n g i n d i v i d u a l s i n 

a sample o f C.germari a t t e m p t i n g t o f l y from the shore a t B was compared 

t o the p r o p o r t i o n in:; the n e t samples taken on 1 . 5 . 5 8 . A Chi-squared 

v a l u e o f 0*51 ( P > *30) v/as g i v e n , thus showing no S i g n i f i c a n t 

d i f f e r e n c e between the two sample r a t i o s . A s i m i l a r comparison 

between a sample o f specimens a t t e m p t i n g t o f l y from the water s u r f a c e 

on sectmn A 100 t o A 300 on 30.4 .58 and the n e t sample f o r 1 . 5 . 5 8 , 

however, g i v e Chi-squared = 3 5 * 1 3 ( P<C*001), which shows a s i g n i f i c a n t 

d i f f e r e n c e between the two sample r a t i o s . I t has thus been shown 

t h a t i n f e c t i o n w i t h the c y s t s o f t h i s p a r a s i t e does not a f f e c t the 

r e a d i n e s s w i t h which C.germari a t t e m p t s t o c o p u l a t e or t o f l y from 

the shore, b u t t h a t i t decreases the r e a d i n e s s w i t h which i t w i l l 

a t t e m p t t o f l y from the water s u r f a c e . O b s e r v a t i o n o f C.germari 

under l a b o r a t o r y c o n d i t i o n s has shown t h a t females c o n t a i n i n g c y s t s 

a r e able t o Day viab-le eggs b u t i t has n o t been p o s s i b l e t o a s c e r t a i n 

whether or n o t t h e p a r a s i t e has any e f f e c t on the number of eggs l a i d 

o r on the p r o p o r t i o n t h a t hatches. 
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The evdrfence a v a i l a b l e sug,H:ests t h a t t h i s p a r a s i t e i s w e l l 

adapted t o i t s h o s t and t h a t i t s e f f e c t s , i f any, on t h e host are 

too s u ^ e t o be r e a d i l y d e t e c t e d by the methods used i n the present 

work. 

The immature stages o f c e r t a i n water m i t e s are f a i r l y common 

e c t o p a r a s i t e s of C o r i x i d a e ( P o i s s o n , 1 9 3 5 ) , (Popham, 1 9 ^ 3 b ) , K i r k a l d y , 

1905 , Lansbury 1955, Soar I9OI., Leston 1955, G r i f f i t h , 19^5) and 

Les t o n (1955) has shown t h a t i n f e c t i o n w i t h these mites decreases the 

chances o f a c o r i x i d i n d i v i d u a l o v e r w i n t e r i n g s u c c e s s f u l l y . These 

m i t e s are not i m p o r t a n t i n t h e water bodies s t u d i e d f o r , o f a l l the 

C o r i x i d a e c o l l e c t e d , o n l y two specimens ( b o t h o f them C.praeusta 

from S t a t i o n D e l t a o f Barbrook r e s e r v o i r s ) were found t o be c a r r y i n g 

such e c t o p a r a s i t e s . 
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n. CHAKGES IN THE ABUWDAHCE OF CGERMA^I THROUGHOUT THE SEASON. 

( 1 ) General c o n s i d e r a t i o n s . 

Section A 100 to A 300 i s the only part of Barbrook 

r e s e r v o i r v;here C.germari i s present i n s u f f i c i e n t numbers for 

seasonal changes i n i t s abundance to be assessed with any accuracy. 

I t has been shown (Tables 30 and 31) that the abundance of the adults 

shows l i t t l e v a r i a t i o n throughout the season on s e c t i o n s of shore other 

than A 100 to A 300 and i t has therefore been assumed that there i s a 

n e g l i g i b l e change i n the abundance of adult C.germari on A 100 to A 300 

as a r e s u l t of movement between shore s e c t i o n s . The r e s u l t s obtained 

tend to j u s t i f y t h i s assumption. Regular estimates of the nymphs 

have not been made on s e c t i o n s other than A 100 to A 300 so t h i s 

assumption does not n e c e s s a r i l y apply to them and, therefore, the net 

estimates of nymph abundance on s e c t i o n A 100 to A 300 may not be a 

r e l i a b l e measure of the number of nymphs produced there. An estimate 

of the t o t a l number nymphs produced during the season by the adults 

on s e c t i o n A 100 to A 500 has therefore been obtained from the o v i -

p o s i t i o n and hatching success data. 

( 2 ) Abundance of the a d u l t s . 

The data us^d are contained i n TabHes 30 and 5 1 and are 

i l l u s t r a t e d i n Fi g u r e s 26 and 2 7 . I t w i l l be seen that i n Figure 

2 6 , which shows the mean catches of adults per S.N.S. +: confidence 

l i m i t s , the abundance of the adu l t s remained f a i r l y steady from 

A p r i l to raid-June i n 1957 and then f e l l off and reached zero on 

1 0 . 7 . 5 7 ' After t h i s the new generation began to appear and a 

maximum abundance value was reached during the l a t t e r h a l f of 

October. Following the attainment of the maximum abundance, the 
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Date. Mean catcli/S.N.S. ± Date. Mean catcii/S .N.3. ± 

5^ confidence l i m i t s . 5% confidence l i m i t s . 

20.1.58. 5-0 - 0»73 1.8.58. 3-4 t 1-20 

28.3.58. 8-0 i 2'31 7.8.58. 1-7 t 0-72 

X 1.4.58. 1>1 £ 0-20 15.8.58. 2-6 t 1'75 

X 11.4.58. 3-0 i 1'29 21.8.58. 7-4 t 2-57 

17.4.58. 8*4 i 2'66 29.8.58. 10'6 t 2*08 

25.4.58. 9'9 ± 3-13 X 4.9.58. 7-7 t 2-30 

1.5.58. 11*1 i 6-08 X 12.9.58. 16*1 t 4-63 

9.5.58. 10«5 i 3.08 18.9.58. 26-9 t S'Bl 

15.5.58. 12'3 ± 1«84 26.9.58. 64-8 i l 2 ' 5 3 

23.5.58. ^ 10-3 £ 1'90 2.10.58. 34«9 t 6'26 

29.5.58. l l ' O t 3-10 8.10.58. 72»7 !:14'8S 

X 6.6.58. 2*7 ^ 0-89 9.10.58. 84-1 i 2«77 

9.6.58. 10«9 t 3»24 10.10.58. 74-0 ri4 . 1 3 

12.6.58. 10-0 t 2-01 11.10.58. 84*0 t l l . 7 7 

X 20.6.58. 5:3 ± 1-86 13.10.58. 86-5 t l 5 . 6 6 

X 23.6.58. 5»4 ± 1'27 14.10.58. 76«5 t l 3 - 6 7 

26.6.58. 4*8 i 1'41 X 15.10.58. 61'5 t l 2 . 2 7 

X 4.7.58. 9'7 i 1-02 X 16.10,58. 48.7 t13-48 

10.7.58. 6*3 i 2«11 20.10.58. 73«0 i 2 0 ' l l 

18.7.58. 4'1 t 1'38 23.10.58. 59-7 i 9-73 

24.7.58. 3'9 t 1-06 4.11.58. 47-5 ± 7-83 

TABLE.51. Moan catches of adults per 3.N.S.on section AlOO to A300 during 1958. 

X denotes dates on which appreciable wave action was observed on 

sec t i o n AlOO to A300 (See Table.2.). 
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catch per S.N.S. f e l l r a p i d l y . The f a l l - o f f i n J u l y coincided with 

the water l e v e l f a l l i n g below the l e v e l of the stony bank on section 

A 100 to A 300 and on the b a s i s of the 1957 data alone i t i s not 

p o s s i b l e to t e l l whether the f a l l i n abundance was due c h i e f l y to 

m o r t a l i t y or to d i s p e r s i o n . The 1958 r e s u l t s , however, suggest 

that m o r t a l i t y i s the main cause of t h i s summer decline i n abundance. 

As the autumn maximum of abundance was reached i n 1957, the number 

of nymphs on s e c t i o n A 100 to A 300 became small and emergence of new 

generation a d u l t s covld be regarded as v i r t u a l l y completed. The 

abundance values f o r 1958 are contained i n Table 51 and are shown 

i n F i g . 27. I n t h i s l a t t e r f i g u r e the 3% confidence l i m i t s are 

omitted from some of the October data for the sake of c l a r i t y . The 

1958 abundance data show a s i m i l a r b a s i c pattern to those of 1957, 

'•.but the old generation abundance f e l l o f f more slov/ly than i n 1957. 

Although the emergence of the new generation began l a t e r i n 1958 

than i n 11957» there was some overlap of the two generations i n 1958 

but none i n 1957. 

I t w i l l be noted, however, that Figure 27 shows c e r t a i n 

dates on which the catch per S.N.S. was remarkably low. These low 

values; were obtained on days when the wind speed and d i r e c t i o n 

(see Table 51) were such as to cause severe v/ave a c t i o n on s e c t i o n 

A 100 to A 500 and i t i s l i k e l y that on such days the c o r i x i d s moved 

down into deeper water, or moved down amongst the stones of the 

substratum and thus became l e s s ascenable to net sampling. No such 

wave a c t i o n occurred on s e c t i o n A 100 to A 300 on any sampling date 

during 1957. 
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I t w i l l a l s o be noted that the decrease i n abundance of 

the o l d generation was i n t e r r u p t e d on ^ . 7 . 5 8 and 10 .7 .58 and t h i s 

may be a s s o c i a t e d with the occurrence of severe floods i n the 

S.Yorkshire and N.E, Derbyshire region op the night of 1 .7 .58 to 

2 . 7 . 5 8 . These floods caused the v/ater l e v e l i n the r e s e r v o i r to 

r i s e about 1*0 m. (3 f t . ) and then to f a l l back about 0 ' 7 m. (2 f t . ) 

v;ithin a period of twelve hours. 

The f a l l V o f f i n abtmdance of the old generation a f t e r 

1 2 . 6 . 5 8 was l a r g e l y a . r e s u l t of mo r t a l i t y f o r , during the period 

of f a l l - o f f , l a r g e numbers of dead and dying C.germari were to be 

seen f l o a t i n g on the water s u r f a c e and others were observed swimming 

e r r a t i c a l l y i n small c i r c l e s near the water surface ais though they 

v/ere l o s i n g the a b i l i t y to coordinate t h e i r movements. No attempts 

at f l i g h t v;ere observed during t h i s period. 

(3 ) Abundance of the eggs. 

The abundance of the eggs on s e c t i o n A 100 to A 300 

during 1958 has feeen estimated i n d i r e c t l y by c a l c u l a t i o n from the 

net sample data for nymphs and adults aind from d i r e c t counting of 

the eggs. 

On 9 . 6 , 5 8 , a day s e l e c t e d because i t was a day v/hen the 

catch per S.N.S. was not l i k e l y to be depressed as a r e s u l t of wave 

a c t i o n , two sdts of 20 S.N.S.s were made v^ith the fine net on s e c t i o n 

A 100 to A 300. The f i r s t s e t of sweeps caught a t o t a l of 48 adults 

and 171 i n s t a r 1. nymphs and the second s e t gave a catch of 50 

a d u l t s and 17^ i n s t a r 1. nymphs. These two s e t s of r e s u l t s agree 

very w e l l and, on the b a s i s of these data, i n s t a r 1. nymphs and 
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a d u l t s were assumed to be present i n a 3*5^1 r a t i o . On the same 

date 20 stones were removed a t random from 1*0 m. (3 f t . ) depth on 

s e c t i o n A 100 to A 300 and 11*6% of these eggs were found to have 

hatched. Nqw i f a l l the samples taken on days when the adult 

catch per S.N.S. was depressed by wave a c t i o n are omitted, i t i s 

p o s s i b l e to combine the catch per S.N.S. data for the 1958 o v i -

p o s i t i o n period and to obtain an estimate of the mean catch of 

ad u l t s per S.N.S. over the whole period. By i n t e r p o l a t i o n on 

Table kG i t i s p o s s i b l e to estimate what percentage of the season's 

eggs had already been l a i d by 9 , 6 . 5 8 . The best estimate of the 

adult sex r a t i o during the 1958 o v i p o s i t i o n period i s Females:Males: 

' f3:57. 

By using these various pieces of information i t i s possible 

to c a l c u l a t e the t o t a l number of ege-s l a i d on se c t i o n A 100 to A 30C 

during 1958 i n terms of coarse S.N.S. equivalents. This can be done 

i n three ways 

C a l c u l a t i o n 1. 

Data used :-

(a) Of the eggs l a i d by 9 . 6 . 5 8 , 11-6% had hatched by that 

date. 
(b) Up to 9 . 6 . 5 8 o v i p o s i t i o n had been going on for kO days. 

( c ) The t o t a l number of o v i p o s i t i o n days i n 1958 was 99. 

(d) Along s e c t i o n A 100 to A 300 on 9 . 6 . 5 8 , nymphs and 

a d u l t s were present i n the r a t i o 3*5 : 1. 

(e) k3% of the a d u l t s present were females. 
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( f ) During the 1958 o v i p o s i t i o n period there were 10 adults 

per coarse S.K.S. u n i t . 

Assumptions made :-

( i ) There was a constant o v i p o s i t i o n r a t e throughout the 

o v i p o s i t i o n period. 

( i i ) There was n e g l i g i b l e m o r t a l i t y of i n s t a r 1. nymphs 

p r i o r to 9 . 6 . 5 8 . 

C a l c u l a t i o n :-

Nymphs per female on 9 . 6 . 5 8 = 3*5 x 100/^3 = 8*lif 

=- Hatched egps ner female 
• by 9 . 6 . 5 8 . 

, . *. Eggs l a i d per female i n kO days - S'lk- x 100/11*6 
- • 

. . Eg,Ts l a i d per female per day up to 9 .6 .58 
= 8'1'f X 100/11*6 X 1/kO 

= 1-75 

. . Total eg'^s per female i n the season 

= 1-75 X 99 X 173 

There were k'3 females per coarse S.N.S. during the 1958 o v i 

p o s i t i o n period. 

. . EgTs l a i d per coarse S.N.S. u n i t i n the season 

=- if.3 X !73 = 7^7. 

Thus the females o v i p o s i t e d a t a mean r a t e of 1*75 ecgs per day 
per female and i n the whole s i a s o n 7^7 egrs were l a i d per coarse 
S.N.S. u n i t . 
C a l c u l a t i o n 2. 

Data used:-

( a ) Of the egis l a i d by 9 . 6 . 5 8,ll - 6 ? ^ had hatched by 9.6.5& 

(b) Along s e c t i o n A IOC to A 300 on 9 .6 .58 nymphs and 

a d u l t s were Tiresent i n the r a t i o 3 ' 5 '• ! • 
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( c ) k3% of the breeding adults were females. 

(d) the breeding adults had an abundance of 10 per coarse 

S.N.S. u n i t . 

(e) 33% of the season's eggs were l a i d by 9 .6 .58 (Derived 

from Table ^6 ) . 

Assumptions made :-

( i ) The r a t e of o v i p o s i t i o n on t h ^ e t covered stones, 

described on page 68, v/as proportional to the ov i p o s i t i o n rate, on 

s e c t i o n A 100 to A 300. 

( i i ) There was a n e g l i g i b l e m o r t a l i t y of i n s t a r 1. nymphs 

p r i o r to 9 . 6 . 5 8 . 

C a l c u l a t i o n s :-

Eggs l a i d per female up to 9 . 6 .58 =: 8*1^ x 100/11*6 

T o t a l eggs l a i d per female during the whole season 

_ 8'lk X 100 X 100 

11-6 X 33 
•213 

T o t a l eggs l a i d i n the season per coarse S.N.S. unit =213xk'3 

=916 

,*, Mean o v i p o s i t i o n r a t e =213/99 = 2*15 eggs per female per day. 

Thus the females ovipos i t e d at a mean r a t e of 2*15 egp:s per female 

per day and i n the whole_season gl6 eggs aere l a i d per coarse S.N.S. 

u n i t . 

C a l c u l a t i o n 3 . 

Data used :-

(a) 8*7 nymphs per f i n e S.N.S. were caught on 9 . 6 . 5 8 . 
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(b) In the samples/taken from 4 . 7 , 5 8 to 12 .9 .58 

( t w i t t i n g 1 5 . 8 . 5 8 ) the t o t a l catches of i n s t a r s 3 , ^ and 5 i n fine 

and coarse nets were i n the r a t i o 1 : 1'9. 

( c ) Of the eggs l a i d by 9 . 6 . 5 8 , 11 •6'/^-had hatched by 

9 . 6 . 5 8 . 

(d) 33% of t'-ie season's eggs had been l a i d by 9 . 6 .58 . 

Assumptions m.aTe :- . 

( i ) The r a t e of o v i p o s i t i o n on the net covered stones 

described on page 6I vjas proportional to the ovi p o s i t i o n r a t e on 

s e c t i o n A 100 to A 300. 

( i i ) The r a t i o of fi n e net catches to coarse net equivalents 

for i n s t a r 1. on 9 . 6 . 5 8 was proportional to the r a t i o for 

i n s t a r s 3 , ^ and 5 between if.7 .58 and 1 2 . 9 . 5 8 . 

( i i i ) There was n e g l i g i b l e m o r t a l i t y i n i n s t a r 1.nymphs 

p r i o r to 9 . 6 . 5 8 . 

C a l c u l a t i o n :-

Number of i n s t a r 1. nymphs per coarse S.N.S. unit on 

9 .6 .58 =: 8*7 X 1*9 

.. . Eg^s per coarse S.N.S. u n i t l a i d during the whole season 

= 8'7 X 1'9 X 100^ 

11-6 X 33 

=: 432 

• , Mean o v i p o s i t i o n r a t e = 432/99 x 4*3 - 1*00 eggs per female 

per day. 

Thus the females ovipos i t e d at a mean r a t e of 1*00 eg?s per female 
per day and Tn the whole season 432 eggs were laid''per coarse 
S.N.S. u n i t . 

Of these r e s u l t s , that given by C a l c u l a t i o n 1 i s re^jected 
on the grounds that i t i s based on the unsound assumption that the 
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o v i p o s i t i o n rate was constant throughout the season. The r e s u l t 

given by C a l c u l a t i o n 3- was r e j e c t e d because i t was i n c o n s i s t e n t 

with other r e s u l t s i n two p a r t i c u l a r s :-

(a) An o v i p o s i t i o n r a t e of I'OOT-eggs per female per day 

i s remarkably low for, as w i l l be shown l a t e r , females kept under 

l a b o r a t o r y conditions w i l l l a y eggs at a r a t e approaching t h i s . 

(b) I t w i l l be shown l a t e r that only about 58% of the eggs 

l a i d produced nymphs. This feeans that i f only k32 eggs are l a i d 
t u t 

per coarse S.N.S. u n i t the maocimum po s s i b l e number of nymphs could 

have been taken by net sampling during 1958 would have been of the 

order of 250 per coarse S.N.S. unit,assuming no nymph mo r t a l i t y 

at a i l took place during the season. I n f a c t mean catfhes of up 

to 300 or 400 nymphs per coarse S.N.S. u n i t were recorded during 

1958. The magnitude of t h i s discfepancy suggests that the r e s u l t 

of C a l c u l a t i o h 3 i s not a reasonable one unless a large movement of 

nymphs from other p a r t s of the r e s e r v o i r to s e c t i o n A 100 to A 300 

i s postulated. 

C a l c u l a t i o n 2 has therefore been assumed to give the most 

r e l i a b l e estimates of mean o v i p o s i t i o n r a t e and t o t a l eggs l a i d during 

the 1958 season, but even these f i g u r e s must be regarded as an under

estimate because they r e s t on the assumption that no m o r t a l i t y occurred 

i n i n s t a r 1. during the few days between the commencement of hatching 

and 9 . 6 . 5 8 . The mean o v i p o s i t i o n rate given by t h i s c a l c u l a t i o n has 

been checked by means of two simple experiments :-

( i ) On 1 4 . 5 . 5 8 fourteen females of C.germari \^rere c o l l e c t e d 

from the r e s e r v o i r and were kept out of doors i n a j a r containing sand, 
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water and 4 i n . (20 cm.) lengths of J.effusus stem. I n eight days 

they l a i d a t o t a l of 78 eggs and hence the mean o v i p o s i t i o n r a t e was 

0*7 eggs-per female per day. 

( i i ) Fpr s e v e r a l weeks s f i e l d experiment was conducted 

i n which a s i n g l e female v/as placed i n each of eight small n e t t i n g 

cages containing stones. The cap;es were then placed i n the r e s e r v o i r 

at a depth of 1*0 m. (3 f t . ) on se c t i o n A 100 to A 300. After a 

number of days the cages were removed and the eggs on the stones 

i n each cage and on the i n s i d e of the n e t t i n g of each cage were removed 

and counted. This process was repeated s i x times over d i f f e r e n t 

periods of from 2 to 15 days, using newly c o l l e c t e d females on each 

occasion. The r e s u l t s are shown i n Table 52. The mean ov i p o s i t i o n 

r a t e f or the whole experiment was I'O eggs per female per day. 

In both of these experiments the conditions were obviously sub-optimal. 

I n the f i r s t the animals lacked t h e i r p r e f e r r e d o v i p o s i t i o n sub

stratum, and m.ay a l s o have been overcrowded and short of food, and i n 

the second experiment the animals were constrained i n cages and could 

not v i s i t the surface to renew t h e i r p h y s i c a l g i l l s . Although only 

two specimens died i n the course of the f i r s t experiment and about 

10% i n the second t h i s alone would case the mean o v i p o s i t i o n r.ate to 

be lower than i n nature and a l s o suggests that the s u r v i v o r s were 

l i v i n g under unsuitable conditions and were probably o v i p o s i t i n g at a 

lov/er r a t e than normal. This therefore shows that the value of 2*15 

eggs per female per day given by c a l c u l a t i o n 2 as the meem ov i p o s i t i o n 

r a t e i s a reasonable one. 
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(4) Abundance of the nymphs :-

The estimates of nymphal abundance for 1958 have been 

shown i n Table 9 and Figure 9 and although these are not very 

r e l i a b l e estimates they do show the approximate abundance of the 

nymphs on s e c t i o n A 100 to A 300, They a l s o show the way i n which 

the abundance changed throughout the season and the bimodality of 

the abundance polygon i n Figure 9 probably r e f l e c t s the bimodality 

of the o v i p o s i t i o n data (See F i g . 2 3 ) . 
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X I I . MORTALITY IN THE VARIOUS STAGES. 

I t has been shown that reasonably r e l i a b l e estimates 

of the r e l a t i v e abundance of the d i f f e r e n t stages of C.germari 

can be obtained and these can a l l be expressed i n terms of the 

coarse net S.N.S. Although t h i s sampling u n i t gives nd) measure 

of the abundance of the stages per unit area of substratum i t 

does give a method of comparing the r e l a t i v e abundance of the 

va r i o u s stashes throughout the season, and hence of measuring the 

m o r t a l i t y i n each stage. 

I f the abundance of the old generation adults per S.N.S. 

i s assumed to be constant for the periods 3 . 4 . 5 7 to 12 .6 .57 and 

2 8 . 3 . 5 8 to 1 2 . 6 . 5 8 , i t i s p o s s i b l e to combine the data for a l l 

sampling dates w i t h i n each of those periods f i t t i n g those dates 

i n 1958 when the catch per S.N.S. vras depressed by v;ave action) and 

obtain estimates of the abundance of the breeding adults i n each year. 

By t r e a t i n g the data for the periods l 6 . 1 0 . 5 7 to 30 .10 .57 and 

8 . 1 0 . 5 8 to 14 .10 ,58 i n a s i m i l a r way i t i s possible to obtain 

estimates of the number of new generation adults produced «atlx year. 

The r e s u l t s are shown i n Table 53 . 

The egg m o r t a l i t y was estimated by d i r e c t counting. Samples 

of eggs were taken on f i v e occasions during 1958 by c o l l e c t i n g 10 

or 20 stones from a depth of I'O m. (3 f t . ) on se c t i o n A 100 to A 300 

and removing a l l the eggs from each stone. The eggs from each sfeone 
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Abundance i n coarse Abundance i n coarse 

• 

S.N.S. units,1957. S.N.S. u n i t s , 1958. 

Breeding a d u l t s . 9'3 + 1*21 lO'O + 0'80 

New generation a d u l t s . 90*0 i 11*85 79'6 + 5*04 

Table 53. Abundance of ad u l t s during 1957 and I958, expressed as 
mean catches per coarse S.N.S. u n i t -ir- y/o confidance l i m i t s . 



The eggs from each stone were theh placed i n a separate tube of 

k% formalin s o l u t i o n . By examining the eggs at a magnification 

of x l 4 under a binocular microscope i t was po s s i b l e to separate 

the eggs i n t o eight categories :-

( i ) "TJneyed" :-

Apparently sound egts which had not reached 

the stage of development at which the eyes of the developing nymph 

could be seen through the integument (Photograph 1" )̂. 

( i i ) "Eyed":-

Apparently sound eggs i n which the eyes of 

the developing- nymph could; be seen through the integument 

(Photograph l 8 ) , 

( i i i ) "Hatched" :-

Eggshells showing the c h a r a c t e r i s t i c s p l i t t i n g 

i n t o 6 to 8 s t r a p - l i k e s t r i p s from the micropyle to about halfway 

between apex and base", which i s caused by the emergence of the n;^h 

(Photograph 1 9 ) . 

( i v ) "Hatching" :-

Eggs c o l l e c t e d w h i l s t the i n s t a r 1. nymph v/as 

i n the process of emerging (Photograph 2 0 ) . In no case was the p a r t l y 

emerged nymph found to have been attacked by fungus as were c e r t a i n 

nymphs which died during emergence i n laboratory c u l t u r e s . Thus 

the eggs belonging to t h i s category would probably have hatched 

s a t i s f a c t o r i l y i f they had been l e f t on the stones i n the r e s e r v o i r . 

(v) "Fungal" :-

Eggs of C.gerraari were attacked by a fungus 
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i d e n t i f i e d as Saprolegnia sp. The fungus f i r s t became obvious when 

i t s zoosporangia protruded from the micropyle region of the egg 

i n a dense t u f t (Photograph 21). At a l a t e r stage the fungus 

disappeared l e a v i n g only a r e l a t i v e l y smooth-edged and s l i g h t l y 

d i l a t e d aperture a t the micropyle end of the integument of the egg 

and, o c c a s i o n a l l y , a few fragments of hyphae or egg; contents within 

the s h e l l (Photograph 22). The aperture made by emerging fungus 

i s e a s i l y d i s t i n g u i s h a b l e from that made by the emerging nymph, for 

i t i s smaller and does not cause s p l i t t i n g of the a p i c a l part of the 

integument i n t o s t r i p s . I t has not been p o s s i b l e to a s c e r t a i n 

whether the fungus a t t a c k s healthy eggs or only those that are 

damaged or i n f e r t i l e . 

( v i ) "Hollow" :-

I t has been noted that females of C.germari 

o v i p o s i t i n g under labora t o r y conditions villi attack t h e i r own eggs 

and that the eggs attacked i n t h i s way ap^^ear to be hollow. 

S i m i l a r eggs have been found i n the f i e l d samples (Photograph 23 ) . 

( v i i ) "Otherwise damaged" :-

A c e r t a i n number of eggs i n each sample 

c o n s i s t e d of damagdd or incomplete s h e l l s . I n some cases the 

micropyle region was s t i l l i n t a c t w h i l s t the si d e s of the integument 

v/ere s p l i t or holed and i n such cases i t was c l e a r that the damage 

occurred before hatching. I n other cases only the basal part of 

the integument remained and i t was not p o s s i b l e to t e l l whether or 

not hatching had taken place before the damaged occurred. 
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KEY TO PHOTOGRAPHS l 8 TO 21. 

e =- eye of nymph. 

d =• d o r s a l abdominal gland of nymph, 

h = head of nymph, 

t = thorax of nymph, 

i = integument of egg. 

c = cement, 

as = a p i c a l s p l i t s , 

s = substratum, 

f = emerging fungus. 

1 = hole l e f t by emergence of fungus, 

m = micropyle. 

p = hole made by s t y l e t s of adult. 

The measurements r e f e r to the length of the integument of the egg 

along i t s longest a x i s , excluding cement, substratum, nymph o r fungus. 



FhotograTji.lS. 0'95 mm* 

Hiotogra-pli.19. 0'94 

Hiotograph.20. 0*93 





HiotograTji,21. 0*86 ran. 

IhotograTai.22. 0»83 nm. 

RiotograT)h,23. 0*86 

m. 

•c. 





( v i i i ) "Deteriorated" :-

In the l a t e r samples eggs were found which 

were i n t a c t but discoloured. I f these eggs were kept i n the 

la b o r a t o r y they d i d not hatch. Presumably these eggs were c l a s s i f i e d 

as "uneyed" i n the e a r l i e r samples. 

An analysis of the egg samples i n t o these various 

categories i s shown i n Table ^k.A. T^e same r e s u l t s are shown as 

percentages i n Table and i l l u s t r a t e d i n Figure 28. By 20.8.58 

a l l but 1% of the eggs had hatched and the data obtained on that 

date have been taken as a measure of the egg m o r t a l i t y f o r the 1958 

season. The smaller sample taken on 17 .9 .58 gave the same r e s u l t and 

t h i s shows that i f any egecs or eggshells do become detached from the 

stones without l e a v i n g any trace t h i s causes l i t t l e or no error 

i n the esti'sate/of egg m o r t a l i t y . 

One hundred apr^arently sound egfrs were c o l l e c t e d from the 

stones on section A 100 to A 300 on 17.7'58 and were kept i n a j a r 

i n the labo r a t o r y u n t i l 30.6.59 to see whether any egg parasites 

emerged from thera. Apart from i n s t a r 1. nymphs, Saprolef^nia sp. , 

and alga, no other organisms were found i r the j a r on any occasion 

when i t was examined. 

The o v e r a l l eg'" m o r t a l i t y cf k2% obtained from these eggff 

counts s'loi^js t h a t , of the ̂ l6 eggs per coarse S.N.S. u n i t l a i d during 

1958, only about 531 hatched. 

From the abundance and m o r t a l i t y values so f a r derived 

i t i s poi^sible,ii=saS by su b t r a c t i o n , to f i n d out the m o r t a l i t y i n 

the nymphs f o r 195^ and also the over-winter loss of adults f o r the 
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299 6.6.5a 

779 9.6.58. 

824 9.75a 
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Figure,28, Analyses of 1958 egg samples,' 



w i n t e r of 1957 to I958. During the spring of 1959 four sets of 

S.N.Ss. were taken on four consecutive days. The r e s u l t s are shown 

i n Table 55 and, i f these data are assumed to be adequate as a 

measure of the abundance of breeding adults during 19591 i t i s 

possible t o make.estimate of the loss of adults during the winter 

1958 to 1959. The causes of egg m o r t a l i t y have been c l a s s i f i e d on 

a percentage basis, but f o r / t h e r o t h e r stages i t has only been possible 

to l i s t the known or suspected causes of m o r t a l i t y without any 

i n d i c a t i o n of t h e i r r e l a t i v e magnitude. 

I t has already been shown that A.nebulosus and A.bipustulatus 

are probably predators on the aduflits and nymphs of C.germari, w h i l s t 

the larvae of these beetles are predators on the nymphs of C.germari 

The protozoan p a r a s i t e cannot be excluded as a possible 

cause of death, though i t i s more l i k e l y to act i n conjunction with 

other f a c t o r s than on i t s own. Wave act.ion i s a m o r t a l i t y f a c t o r , 

f o r large numbers of dead and dying Corixidae can be found cast 

ashore at a l l times of the year on days follov/ing severe wave action 

and i n d i v i d u a l s have occasionally been observed i n shallov/ water 

on a sandy, lee shore attempting to sv/im i n t o deeper v/ater but being 

s t e a d i l y driven nearer the shore by each successive wave. Sudden 

f l u c t u a t i o n s of v/ater l e v e l can also be a cause of death, f o r on 

3.7.58 f o l l o w i n g the floods of the night of 1 to 2.7.58, large 

numbers of c o r i x i d s , many of them dead or dying, were found stranded 

amongst the grass and heather above the water l e v e l . Presumably 

these insects had moved up i n t o the t e r r e s t r i a l vegetation w h i l s t 

i t was covered by fl o o d water and had been l e f f there v/hen the water 

receded. 
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Date, Mean catch of adults per coarse S.N.S. 
+ 3% confidence l i m i t s . 

21.4.59 20-05 +; 2-43 
22.4.59 2r -05 + 4-96 

23.4.59 21'60 5*64 

24.4.59 21'80 4*39 

To t a l . 21'1 + 2-14 

T a b l e _ ^ . Abundance of C.germari adults during the spring of 1959. 



A synthesis of the m o r t a l i t y data f o r C.germari i s given 

i n Table 56. 
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X I I I . THE WTillGHTS OF THE VARIOUS STAGES AMD ESTIMATES OF BIOMASS. 

So f a r t h i s study has been concerned w i t h the abundance and 

m o r t a l i t y of the various stages of C.germari i n terms of numbers of 

i n d i v i d u a l s . Owing to the great differences i n size and weight of 

the d i f f e r e n t stages, such numerical data do not give any measure of 

the weight of l i v i n g m a t e r i a l present at any one time or of the weight 

of t h a t m a t e r i a l l o s t by the species as a r e s u l t of m o r t a l i t y during 

any p a r t i c u l a r period of time. Such information i s useful because 

i t gives a means of comparing the abundance and m o r t a l i t y i n terms 

of a standard u n i t and also because a measure of the weight of l i v i n g 

C.germari materieil present at any given time can be considered to be a 

rough measure of the amount of Hnergy "locked away" i n the form of 

C.germari i n d i v i d u a l s at that time. 

The weight of each of the stages has been determined by 

weighing 10 groups of 25 i n d i v i d u a l s of each stafre. Surface moisture 

was removed from the f r e s h l y k i l l e d animals on a f i l t e r paper and each 

group of 25 i n d i v i d u a l s was placed on a weighed piece of aluminium 

f o i l . The f o i l + insects was then weighed and hence the weight of 

the f r e s h i n sects was determined. This was termed "wet weight". 

The insects were kept on the f o i l and were dried at 105°C u n t i l no 

f u r t h e r loss i n weight occurred. T^e v/eight of the f o i l + dry insects 

was then determined and hence the "dry weight" of the insects. I n 

t h i s way the mean "dry" and "wet" v/eights of groups of 25 i n d i v i d u a l s 

of each stage, together with" 5% confidence l i m i t s , were determined. 
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The r e s u l t s are shown i n Table 37^ and Figures 29 and 30 show the 

mean values f o r a l l stages except the old generation adults. 

Table 57 also shows the mean dry weight of each stage 

expressed as a percenta5e of the mean wet weight. The .mean percentage 

dry matter of the eggs was considerably greater than that of the 

nymphs and t h i s wi.s probably p a r t l y accounted f o r by the f a c t that 

the eggs used were obtained from the oviducts of dissected females 

and such eggs ivould absorb v/ater a f t e r o v i p o s i t i o n (Banks 19^9)» so 

b r i n g i n g t h e i r percentage dry matter value closer to that of the 

nymphs. I n a d d i t i o n , the eggs were probably more he£*ily c h i t i n i s e d 

than the nymphs. The nine samples of teneral adults show that these 

insects have only about h a l f the dry weight of the hardened and 

darkened new generation adults although there i s l i t t l e d ifference 

i n the wet weight. The data also show tha t the m&les of C.germari 

are not as heavy as the females, and t h i s would be expected from the 

r e l a t i v e sizes of the two sexes. 

A s i m p l i f i e d version of tlte abundance data f o r adults and 

nymphs i n 1958 i s shown i n Figure 31' which i s based on data from 

Tables 9» 51 and 53- The abundances shown i n t h i s f i g u r e can be 

converted i n t o biomasses by using the weight data i n Table 57 and 

Figure 32 shows the r e s u l t of using the wet weight data f o r such a 

conversion. Comparison of Figures 31 and 32 shows that although the 

nymphs give the highest numerical abundance of the season ( s t r i c t l y 

speaking the eggs give the highest abundance value, but f o r convenience 

they are omitted from the present discussion) the autumn maximum of r=i?±:": 

adu l t s gives the ^ r e ^ t e ^ ^ t - biomass value of the year. 
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Wet weights of groups of 25 individuals. 

sooh 

M«an wet weight 
of 25 in mg. 

3 0 0 

2 0 0 

l O O 

• 
O Males. 

• Females and nymphs., 

V.) 

- • 

• 
• • - • • 

1 1 1 1 1 I I I 

Egg. 1 2 3 4 5 A d u l t Adu l t . Egg. 1 2 3 4 
tcncrol . 

Stage. 

Figure,29, 



Dry weights of the stoges of C.germari. 

I 6 0 I o Moles. 

I 4 0 —I 

M e a n d r y w e i g h t 
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Figure.30. 



Cotches per S.N.5. 1958. 
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Figure.31. 



Cotches per S.N.S. 1958 as mg. wet weight. 
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The w e i g h t data can a l s o be used t o c o n v e r t the f i g u r e s 

i n Table 56 t o biomasses and the r e s u l t s g i v e n are shown i n Table 58 

where i t has been assumed t h a t the m o r t a l i t y of the nymphs i s evenly 

s^pead over the f i v e i n s t a r s . I f l o s s e s by f l i g h t are assumed 

n e g l i g i b l e then t h i s Table shows v e r y c l e a r l y t h a t the g r e a t e s t 

t u r n o v e r of C.germari m a t e r i a l took place i^> the l a t e summer and 

e a r l y autumn when the l a t e r nymphal i n s t a r s and the new g e n e r a t i o n 

a d u l t s v;ere b e i n g produced, arvd d u r i n g the w i n t e r when the buUc o f 

t h i s m a t e r i a l v/as r e t u r n e d t o the environment as a r e s u l t of 

m . o r t a l i t y amongst the o v e r w i n t e r i n g a d u l t s . 
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stage Wet biomass(mg.) DrjjbiomassCmg. ) 

Produced. Lost. Produced Lost 

Autumn a d u l t s 1957 1429 1271 518 461 
S p r i n g a d u l t s I958 273 273 49 49 
Eggs 1958 109 k6 20 
Wymphs I958 - 1871 - 291 
Autumn a d u l t s I958 1271 937 461 340 

S p r i n g a d u l t s 1959 573 573 103 103 

Table 58. Q u a n t i t i e s of C.germari r e a c h i n g each stape and 
q u a n t i t i e s l o s t i n each stage expressed as mg.v/eight 
per S.K.S. u n i t . 



XIV. APP.POXIMATE ESTIMATES OF THS ABUNDANCE MP BIOMASS DATA 
IN AB.SOLUTE TERMS. 

A t t e n t i o n has been p a i d t o r e l a t i v e v a l u e s o f 

abundance and biomass, expressed i n terms of a somewhat nebulous 

u n i t - the Standard Net Sweep. I t i s c l e a r l y d e s i r a b l e t o o b t a i n 

some i d e a o f the meaning o f these S.N.S. val u e s i n terms of the 

abundance and biomass o f C.germari per un f i t area of subs t r a t i u n . 

An a t t e m p t was t h e r e f o r e made t o es t i m a t e a con v e r s i o n 

f a c t o r f o r t h i s purpose. Examination o f Table 5^A shows t h a t the 

mean number o f eggs per stone l a i d by 2 0 . 8 . 5 8 vias about 8 0 . 

I t i s known t h a t by t h a t date o v i p o s i t i o n had ceased, so t h a t a 

mean v a l u e o f 80 eggs per stone can be co n s i d e r e d to be 

a p p r o x i m a t e l y e q u i v a l e n t t o a value o f 9l6 eggs per coarse S.N.S. 

u n i t (See p. 8 5 ) . I f i t i s th e n assumed t h a t the eggs are o n l y 

l a i d on the stones o f the t o p l a y e r o f the substratum i t i s 

p o s s i b l e t o e s t i m a t e the nui'iber o f egc'-carrying stones per m o f 

subs t r a t u m and hence t o f i n d the mean number of eggs l a i d per m^ o f 

su b s t r a t u m d u r i n g the 1958 season. F o r t y counts of the s u r f a c e 

stones l y i n g w i t h i n a I / I 6 m quadrat were t h e r e f o r e made on 

s e c t i o n A 100 t o A 30O and a mean va l u e o f 2? +- 2*66 stones per 

1/16 per m^ was o b t a i n e d . Thus, r o u g h l y ^35x80 ' ( = 3 ^ , 8 0 0 ) eggs 

were l a i d per m^ o f sub s t r a t u m d u r i n g 1 9 5 8 . T h i s value o f 3 ^ , 8 0 0 

eggs per m^ corresponds t o a va l u e o f 916 eggs per coarse S.N.S. u n i t 

and hence v a l u e s o f a l l stages expressed as coarse S.N.S. u n i t s 

s h o u l d be m u l t i p l i e d by 3 ^ , 8 0 0 / 9 l 6 ('= 3 8 ) t o b r i n g them t o the 
« 
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c o r r e s p o n d i n g v a l u e s per o f substratum. This c o n v e r s i o n \ 

f a c t o r i s c l e a r l y an u n d e r e s t i m a t e , f o r i t r e s t s on the assumption 

t h a t no eggs are l a i d on stones below the l a y e r v i s i b l e when the 

s u b s t r a t u m i s viewed from above. On 2 2 , 5 . 5 9 the water l e v e l i n 

Barbrook r e s e r v o i r had f a l l e n about a metre belov/ top v/ater l e v e l 

t h us exposing s u b s t r a t u m on which o v i p o s i t i o n had a l r e a d y taken place. 

Examination o f stones from t h i s area of banking showed t h a t , a l t h o u g h 

some eggs were l a i d on t h e lower l a y e r s o f stones, the g r e a t m a j o r i t y 

had been l a i d on the stones o f the upper l a y e r o f the substratum. 

Thus, though the c o n v e r s i o n f a c t o r i s an u n d e r e s t i m a t e : - i t seems 

l i k e l y t h a t the e r r o r i n v o l v e d i s r e l a t i v e l y s m a l l and t h e r e f o r e 

the c o n v e r s i o n f a c t o r w i l l , a t l e a s t , show the order of magnitud* 

of the abundance ancB biomass f i g u B s given e a r l i e r i n t h i s work, 

M^st of the abundance and biomass data are summarised i n 

Tables 56 and 5 8 . The values i n these two t a b l e s have therefore 

been c o n v e r t e d to the e q u i v a l e n t values per m̂  of substratum t o g i v e 

some i d e a o f the a b s o l u t e v a l u e s of abundance, m o r t a l i t y and biomass 

shown by C.germari on s e c t i o n A 100 t o A 3 0 0 o f Barbrook r e s e r v o i r . 

Table 5 9 i s derived from Table 56 and shows the numbers o f 
2 

t h e v a r i o u s stages ^'roduced per m o f substratum i n the course of a 
2 

season and the numbers per m o f each stage which d i e d u r i n g a 

season. T^ble 60 i s d e r i v e d from Table 58 and shows the values from 

t h a t t a b l e expressed t o the n e a r e s t gram wei g h t per m^ o f substratum. 

I-t might be c o n s i d e r e d t h a t the v a l u e s g i v e n i n these 

t a b l e s are e x c e s s i v e l y h i g h , b u t Ancona ( 1 9 3 3 ) , on the b a s i s o f 

9 8 . 



s t a g e . Produced. L o s t . 

Autumn a d u l t s 195?. 3,420 3,040 

S p r i n g a d u l t s I958. 380 380-

Eggs 1958 34,808 14,630 

Nymphs I958 20,178 16,454 

Aut'umnadults I958 3,040 2,242 

Spring a d u l t s 1959 798 798 

Table ^ % Approximate numbers o f i n d i v i d u a l s o f each stage 
produced and l o s t i n each stage, expressed as 
i n d i v i d u a l s per m^. 



stage Wet biomass Dry biomass stage 

Produced). Lost Produced Lost 

Autumn a d u l t s 1 9 5 7 5 4 48 20 18 

S p r i n g a d u l t s 1 9 5 8 10 10 2 2 

Eggs 1 9 5 8 4 2" 1 

Nymphs 1 9 5 8 - 7 1 - 1 1 

Autumn a d u l t s 1 9 5 8 48 3 6 18 13 

S p r i n g a d u l t s 1 9 5 9 22 22 4 4 

Table 6 0 . Approximate q u a n t i t y o f each stage produced and 
l o s t d u r i n g the season, expressed i n g. vjeight 

^ per m^ o f substratum. 



o b s e r v a t i o n s by P e n n a f i e l d , s t a t e s t h a t i n Lake Texcoco (Mexico) 

the s t a n d i n g crop of c o r i x i d nymphs may reach a c o n c e n t r a t i o n o f 

2 0 0 , 0 0 0 per m^ o f water. The t o t a l p r o d u c t i o n o f nymphs i n 

Barbrook r e s e r v o i r d u r i n g 1958 a t a depth o f 1*0 m. (3 f t . ) was 

o f t h e o r d e r o f 2 0 , 0 0 0 per m^ o f substratum. Nov/ the number o f 

nymphs per ra^ o f s u b s t r a t u m a t I'O m. (3 f t . ) depth w i l l be equal 

t o t h e c o n c e n t r a t i o n per o f v/ater a t t h a t depth, so t h a t the 

t o t a l annual p r o d u c t i o n o f nymphs i n Barbrook r e s e r v o i r a t 1*0 m. 

depth on s e c t i o n A IOC t o A 3 0 0 i s o n l y about l / l O t h of t'^e s t a n d i n g 

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

nymphs r e c o r d e d i n Barbroojg r e s e r v o i r was the v a l u e o f 300 t o 400 

per S.N.S. ( 1 1 , 0 0 0 - 15 , 0 0 0 per m o f s u b s t r a t u m ) o b t a i n e d on 1 . 8 . 5 8 . 

I n c o n t r a s t , Fopham ( 1 9 5 2 a) counted the numbers o f a d u l t s 

of C . d i s t i n c t a on known areas o f pond bottom and fovnd t h a t i n 

d i f f e r e n t p a r t s o f the pond the number o f i n d i v i d u a l s per m^ o f bottom 

v a r i e d from 0 t o about 1 0 on 1?»S»^« At the corresponding time of 

the y e a r , C.germ.ari a d u l t s on s e c t i o n A 100 t o A 300 of Barbrook 
2 

r e s e r v o i r had a d e n s i t y o f about 3 8 0 per m d u r i n g 1 9 5 8 . Popham's 

data are based" on d i r e c t counts o f the specimens v i s i b l e on the pond 

bottom and may t h e r e f o r e g i v e a v e r y low estimate o f the abundance 

o f C . d i s t i n c t a - w i t h i n t h e pond. I n any case, Barbrook r e s e r v o i r 

c o n t a i n s the most dense p o p u l a t i o n o f C o r i x i d a e known t o the p r e s e n t 

w r i t e r and a 3 8 - f o l d d i f f e r e n c e between the Barbrook e s t i m a t e and the 

f i g u r e s o b t a i n e d by Popham c o u l d w e l l be e x p l i c a b l e s i m p l y i n terms 

of a r e a l d i f f e r e n c e i n the d e n s i t i e s . 

Mundie ( 1 9 5 7 ) s t u d i e d the Chironomidae of s t o r a r e r e s e r v o i r s 

which r e c e i v e d w a t e r from the R^ver Thames and were e u t r o p h i c . I n one 
9 9 . . 



o f h i s r e s e r v o i r s the h i g h e s t e s t i m a t e of s t a n d i n g crop made 

d u r i n g the season v;as a v a l u e o f 40 , 0 0 0 t o 5 0 , 0 0 0 i n d i v i d u a l s per 

m^ a t 1*0 m. depth d u r i n g March. At the same time a valie o f 

3 4 , 0 0 0 i n d i v i d u a l s and 5*25 g. <iry v^^eight per m was o b t a i n e d 

at 6*8w. depth. Comparison o f these data w i t h the f i g u r e s f o r 

C,germari g i v e n i n Tables 59 and 60 shows t h a t though t h e annual 

p r o d u c t i o n o f eggs per m^ by C.germari i s s m a l l e r than the maximum 

s t a n d i n g crop o f Chironomidae r e c o r d e d by Mundie, the a c t u a l biomass 

o f m a t e r i a l ' produced by C.germari per m^ o f bottom i s c o n s i d e r a b l y 

h i g h e r thsui the biomass o f Mundie's maximum s t a n d i n g c r o p . I t must 

be n o t e d , however, t h a t t h i s p o i n t has been somewhat over-emphasised 

by t h e t r e a t m e n t g i v e n above, f o r two reasons. F i r s t l y , comparison 

has been made between t h e s t a n d i n g crop o f chironomid l a r v a e and the 

emnual p r o d u c t i o n o f C.germaxi, though Table 60 shows t h a t t h e 

s t a n d i n g crop o f autumn a d u l t s o f the l a t t e r g i v e s a c o n s i d e r a b l y 

h i g h e r biomass per m than do t h e Chironomidae i n Mundie's r e s e r v o i r . 

Secondly, the f i g u r e s g i v e n f o r C.germari are based on c o l l e c t i n g 

from t h a t p a r t o f the r e s e r v o i r where the species i s most abundant 

and are o n l y a p p l i c a b l e t o the margins o f the r e s e r v o i r , whereas 

Mundie's f i g u r e s are p r o b a b l y a p p l i c a b l e t o the whole margin of h i s 

r e s e r v o i r dovm t o a depth o f a t l e a s t 6*8 m. ( 1 9 f t . ) . Thus the 

abundance aind biomass o f c h i r o n o m i d l a r v a e i n the r e s e r v o i r as a 

whole are p r o b a b l y a good de a l h i g h e r than the comparable f i g u r e s 

f o r C.germari i n Barbrook r e s e r v o i r . 

1 0 0 . 



XV. DISCUSSION. 

I n b o t h 1 9 5 7 and 1 9 5 8 a marked decrease i n c a t c h per S.N.S. 

was observed a f t e r the autumn maximum had been reached. Walton ( 1 9 4 3 ) 

made a s i m i l a r o b s e r v a t i o n f o r s e v e r a l c o r i x i d species and a t t r i b u t e d 

t h e decrease i n abtmdance t o d i s p e r s i o n by f l i g h t . I t i s i n t e r e s t i n g 

to n o t e t h a t the species f o r v/hich Walton g i v e s diagrams t o i l l u s t r a t e 

t h i s autumn f a l l - o f f were C . f a l l e n i , C . n i g r B l i n e a t a , C . l a t e r a l i s and 

C. s a h l b e r g i , a l l s p e c i e s t h a t are v ; e l l knovm f l i e r s (Leston 1 9 5 4 , 

Leston and Gardner 1953 , B^own 1 9 5 1 - 5 2 , Pophara 1 9 5 2 , Poisson, R-ichard 

and R i c h a r d 1 9 5 7 ) . The o p i n i o n has been expressed above .that C.germari 

does n o t f l y v e r y much and s e v e r a l c o n s i d e r a t i o n s suggest t h a t the 

autumn f a l l - o f f o f t h i s species i s not p r i m a r i l y a r e s u l t o f d i s p e r s i o n 

by f l i g h t . No f l i g h t was observed d u r i n g the p e r i o d o f f a l l - o f f i n 

1 9 5 7 o r 1 9 5 8 and, i n b o t h y e a r s , the p o s s i b i l i t y o f f l i g h t t a k i n g 

p l a c e was s m a l l because the f a l l - o f f o c c u r r e d when a i r and water temper

a t u r e s were f a l l i n g and t h e r e was l i t t l e d i r e c t i n s o l a t i o n . I n a d d i t i o n , 

t h e c a t c h e s per S.N.S. f o r t h e autumn o f 1 9 5 7 and the w i n t e r o f 1957 

t o 1 9 5 8 f e l l below t h e v a l u e s o b t a i n e d i n the s p r i n g o f 1 9 5 8 , and 

d i s p e r s i o n by f l i g h t would n o t g i v e an adequate e x p l a n a t i o n of these 

o b s e r v a t i o n s . I t i s t h e r e f o r e l i k e l y t h a t t h e autumn f a l l - o f f i n the 

abundance o f C.germari i n Barbrook r e s e r v o i r i s t o be e x p l a i n e d i n 

terms o f a change i n t h e d i s t r i b u t i o n o f t h i s bug i n t h e r e s e r v o i r i n 

response t o f a l l i n g w ater temperatures o r decreased i l l u m i n a t i o n or 

d a y - l e n g t h . 

Counts o f the number o f f u l l y developed eggs per female 

(Tables 42 and 4 3 ) showed t h a t t h e r a t e o f development o f eggs w i t h i n 

t h e femalesj^xceeded t h e r a t e o f o v i p o s i ^ j ^ ^ i p ^ ^ ^ u g h o u t t h e 1 9 5 7 
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o v i p o s i t i o n period, w h i l s t i n 1 9 5 8 most of the eggs developed 

w i t h i n the females- were l a i d before the d e c l i n e of the old 

generation began. This can be r e l a t e d to the water l e v e l s during 

the tv;o y e a t s . I n 1 9 5 7 the v/ater l e v e l f e l l throughout the o v i 

p o s i t i o n period, u n t i l by 1 0 . 7 . 5 7 none of the stony bank on 

s e c t i o n A 1 0 0 to A 3 0 0 was a v a i l a b l e for o v i p o s i t i o n . I t i s l i k e l y 

that t h i s caused a shorta?'e of s u i t a b l e o v i p o s i t i o n s i t e s and hence 

the females tended to r e t a i n eggs during the l a t t e r part of the 

o v i p o s i t i o n period. In 1 9 5 8 the water l e v e l remained near top v;ater 

l e v e l throughotit the o v i p o s i t i o n period and the r a t e of o v i p o s i t i o n 

exceeded the r a t e of development of eg^s v/ithin the females during 

the l a t t e r part of the o v i p o s i t i o n period, presumably because there 

was no shortage of o v i p o s i t i o n s i t e s during 1 9 5 8 . 

T^e f a l l i n water l e v e l during 1 9 5 7 i s a l s o l i k e l y to have 

caused considerable eg^" m o r t a l i t y . Eggs l a i d on the stones of 

s e c t i o n A 100 to A 5 0 0 and then exposed above water would die through 

d e s s i c a t i o n or as a r e s u l t of the i n s t a r 1 . nymphs hatching onto dry 

land. In s p i t e of t h i s a d d i t i o n a l cause of egg m o r t a l i t y during 

1 9 5 7 as compared to 1 9 5 8 , the numbers of new generation adults 

produced i n the two seasons were very s i m i l a r (Table 5 3 ) . 
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SECTION C. 

ECOLOGICAL REQUIREMENTS OF C.GERMRI, WITH 

REFERENCE TO OTHER SPECIES OF CORIXIDAE. 



XVI. THE D I S T R I B U T I O N OF C.GERMARI, THE C L O S E L Y RELMTED S P E C I E S 

C.gAPINATA AND THE A S S O C I A T E D ST^ECIBS GLAENOCORISA PROPINOUA, 

V7ITH S P E C I A L REFERETTCE TO THE PENNINE REGION. 

Tables 6 l and 62 shovr species analyses of c o r i x i d samples 

from water bodies i n tfte Pennine; region. An attempt i s made to 

examine t.hese r e s u l t s i n the l i g h t of previous records of C.germari, 

C. c a r i n a t a a.nd G. propinqua. 

( 1 ) Survey of the l i t e r a t u r e . 

( i ) General :-

C.germari and C . c a r i n a t a were confused as a s i n g l e 

s p e c i e s u n t i l t h e i r separation by Lundblad ( 1 9 2 5 ) . Hence, records 

published before that date are o f . l i t t l e vahe so f a r as these species 

are concerned. These two sp e c i e s and G.propinqua are gene r a l l y 

regarded as ra t h e r uncommon s p e c i e s and many of the more recent 

accounts of t h e i r h a b i t a t s have been based on small numbers of 

specimens ta'r.en from r e l a t i v e l y few pla c e s . I n addition, many of 

the accounts are of l i t t l e value i n a s s e s s i n g the types of places 

inhabited by these s p e c i e s because they do not include adequate 

descriptions of the h a b i t a t s . Iri' attempting to survey the l i t e r a t u r e 

on t h i s s u b j e c t , one i s therefore faced with the task of bringing 

together many s m a l l portions of informatipn i n t o a s i n g l e statement. 

This i s p a r t i c u l a r l y d i f f i c u l t i n the present instance because, i n 

the case of l i t t l e - k n o w n species,st»d=wJsss i s=as f - the de c i s i o n as to 

which f e a t u r e s of the h a b i t a t are important to the species and which 

are not i s very a r b i t r a r y and the features s t r e s s e d vary from one 

w r i t e r to another. 

Never~theless, the l i t e r a t u r e gives s e v e r a l points on v/hich 

v a r i o u s w r i t e r s agree and an attempt i s made below to present a b r i e f 
1 0 3 . 
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22.4.55 111/285835 1200 1 24 1 26 

22.4.55 111/273832 1360 2 6 1 9 

22.4.55 111/275833 1325 2 3 5 10 
21.5.57 84/992307 1600 20 22 2 44 
23.5.57 84/750358 1900 • 10 4 14 
22.4.55 111/284836 1200 14 3 17 
22.10.56 84/757325 1800 8 2 10 
22.10.56 84/757327 1800 57 6 1 64 
22.4.55 111/273835 1355 2 2 
a.lC.56 84/758328 1800 12 1 13 
8.10.56 84/757325 1800 40 1 4 45 
8.10.56 84/765327 1800 43 43 
22.10.56 84/757326 1800 8 8 
1.11.56 84/753355 1750 6 8 14 
23.5.57 84/753347 1750 1 1 2 
23.5.57 84/751365 1950 5 5 

TABLE.61. Species analyses of samples from Pennine peat pools. 
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summary o f the i n f o r m a t i o n giiven about t h e h a b i t a t s occupied by each of 

the t h r e e s p e c i e s . 

( i i ) C. g e r m a r i . 

a. Size- and depth of \>/ater bodies :-• 

Pearce and Walton (1959), Macan (195̂ )̂ and Pophan (19^9) 

are agreed t h a t C.germari u s u a l l y occupies r e l a t i v e l y l a r g e bodies 

o f vfater. On t h e s u b j e c t o f depth, Macan (I95^a) s t a t e s t h a t t h i s 

s p e c i e s appears t o l i v e i n water bodies of l a r g e s i z e w i t h a s h a l l o w , 

u n i f o r m depth. (Walton (19^3) s t a t e s t h a t t h i s species shows a 

marked p r e f e r e n c e f o r deep water (1 m. or more) and pr o b a b l y l i v e s 

a t g r e a t e r depths than any o t h e r B r i t i s h s p e c i e s , w i t h the p o s s i b l e 

e x c e p t i o n o f C.panzeri. 

b. Base s t a t u s :-

Macan (195^a) s t a t e d t h a t t h i s species i s o f t e n found i n 

b a s e - d e f i c i e n t w a t e r s surrounded by peat , b u t i t a l s o occurs i n 

b a s e - r i c h waters as shown by the f a c t t h a t Walton (19^3) found i t 

t o be abundant i n a ca l c a r e o u s r e s e r v o i r and Macan (195^b) found 

i t t o be the most abundant species i n a calca r e o u s lalce i n I r e l a n d . 

c. A l t i t u d e :-

Bpown (19^8), r e f e r r i n g t o the d i s t r i b u t i o n o f C g e r m a r i 

and C . c a r i n a t a i n S c o t l a n d , s t a t e d t h a t b o t h species are pr o b a b l y 

widespread t h e r e and t h a t they u s u a l l y occur a t a l t i t u d e s o f 

1,000 f t . (300 m.) or more; though r e c o r d s o f C»germari from the 

South o f England suggest t h a t a l t i t u d e i s l e s s i m p o r t a n t t o t h a t 

sp:ecies than t o C . c a r i n a t a . The f a c t t h a t C.germari can occur i n 

q u i t e low l y i n g water bodies was a l s o shown by C r i s p and Heal (1958) 
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who t o o k t h i s s p e c i e s from f o u r I r i s h l a k e s , a l l of them a t an 

a l t i t u d e o f l e s s than 100 f t . (30 m.). 

d. Bottom m a t e r i a l and v e g e t a t i o n :-

Walton (19^3) c l a i m e d t h a t t h i s s p ecies was usually-

found on a h a r d s u b s t r a t u m v^rith l i t t l e or no m a c r o f l o r a . Popham 

(19^9) a l s o r e f e r r e d t o the p a u c i t y of v e g e t a t i o n i n the h a b i t a t s 

o f C.germari and Macan (1957) fo]und t h i s species i n seven S c o t t i s h 

l o c h s a l l o f v/hich Bad bottoms o f stones, g r a v e l , sand or a m i x t u r e 

o f a l l t h r e e . 

e. Wave a c t i o n 

The o b s e r v a t i o n t h a t t h i s species can occur i n q u i t e rough 

water was made by V/alton (19^3). 

f . Bank p r o f i l e :-

Flacan's (I95^a") statement r e g a r d i n g the u n i f o r m i t y 

o f depth shown by t h e h a b i t a t s occupied by C.germari (See a. above) 

suggests t h a t these h a b i t a t s must have r e l a t i v e l y s t e e p l y s l o p i n g 

banks and Macan (1957) drav;s f u r t h e r a t t e n t i o n t o the f a c t t h a t 

t h i s s p e c i e s ap'oears t o p r e f e r water bodies of f a i r l y u n i f o r m depth 

w i t h s t e e p l y s l o p i n g s i d e s . The f i n d i n g s o f C r i s p and Heal (1958) 

agree w i t h those o f Macan on t h i s p o i n t . Furthermore, V/alton (19^3) 

found two v;ater bodies i n v;hich C.germ.ari occurred i n a p p r e c i a b l e 

numbers and, a l t h o u g h he s t a t e s t h a t the o n l y two f e a t u r e s shared by 

these tv/o water b o d i e s were the lov/ value of d i s s o l v e d organic 

m a t t e r and the h a r d bottom, i t i s c l e a r from h i s h a b i t a t descriptions 

t h a t these water b o d i e s b o t h had banks s l o p i n g s t e e p l y down i n t o 

deep v;ater round p a r t , a t l e a s t , o f t h e i r margins. 
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( i i i ) C . c a r i n a t a 

a. Size and depth o f water bodies :-

Brown (19^5) s t u d i e d t h e C o r i x i d a e o f the Faeroe I s l a n d s 

and found o n l y two species - C . c a r i r i a t a and C . w o l l a s t o n i . He 

concluded t h a t C c a r i n a t a \^as g e n e r a l l y found i n the l a r g e r , 

deeper p o o l s w i t h much open water, w h i l s t C. w o l l a s t o n i p r e f e r r e d 

p o o l s w i t h denser v e g e t a t i o n . Macan (195^) s t a t e d t h a t C . c a r i n a t a 

l i v e s i n deeper water than most o f the o t h e r B r i t i s h peat p o o l 

s p e c i e s and he p o i n t e d out t h a t the f i n d i n g s of Macan (1938) agree 

w i t h those o f Brown (19^5) on t h i s p o i n t . 

b. Base s t a t u s :-

T}ie B r i t i s h r e c o r d s o f t h i s species are from base-poor 

u p l a n d v;ater b o d i e s . I n Scandinavia, hov/ever, i t i s a l s o found i n 

l o w - l y i n g p o o l s near the sea ( L u n d l l a n d 1925) and i t i s u n l i k e l y t h a t 

such w a t e r s are base poor. 

c. A l t i t u d e :-

Macan (195^) s t a t e d t h a t , i n B r i t a i n , C . c a r i n a t a i s am 

upla n d s p e c i e s , w h i l s t Brown (19^8) s t a t e d t h a t i n S c o t l a n d i t i s 

u s u a l l y found above 1,000 f t . (300 m.) and expressed the o p i n i o n t h a t 

a l t i t u d e i s p r o b a b l y more i m p o r t a n t t o t h i s species than t o C.germari. 

Lundblad (1925) s t a t e d t h a t , i n Scandinavia, C . c a r i n a t a i s found i n 

upl a n d p o o l s and a l s o i n poo l s near the sea. 

d". Bottom m a t e r i a l and v e g e t a t i o n :-

From the r e f e r e n c e s t o peat p o o l s made by Macan (195^), and 

Brovm (19^5) i t seems l i k e l y t h a t the bottoms of the h a b i t a t s 
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c o n t a i n e d peat b u t no d e f i n i t e i n f o r m a t i o n i s a v a i l a b l e on t h i s 

p o i n t . Macan (lL95t>„ 195M) and Brown (19^5) b o t h s t a t e d t h a t 

C. c a r i n a t a appears t o p r e f e r open v/ater w i t h r e l a t i v e l y l i t t l e 

m a c r o f l o r a . 

e. and f . Wave a c t i o n and Bank p r o f i l e :-

No d e f i n i t e r e f e r e n c e i s made t o these two f e a t u r e s , b ut i t 

seems v e r y l i v e l y t h a t the l a r g e upland h a b i t a t s vihich have been 

d e s c r i b e d f o r C . c a r i n a t a are s u b j e c t t o f a i r l y severe wave a c t i o n . 

( i v ) G.propinqua. 

Very l i t t l e i n f o r m a t i o n i s a v a i l a b l e r e g a r d i n g t h i s s pecies. 

Pearce and Walton (1939) recorded the species from Cheshire and l i s t e d 

o n l y s i x places i n England, Wales and I r e l a n d where i t had then been 

found. Subsequent c a p t u r e s i n B r i t a i n and E i r e have been recorded 

by Walton (19^3), BrOwn (19^5), Brown (19^6), Bpown (19^8), Popham 

(19^9), Macan (195^ a and b ) , Macan (1957), Hanney (1958) and C r i s p 

and Heal (1958). Most o f these r e c o r d s r e f e r o n l y t o s m a l l numbers 

of w ater bodies and are o f t e n based on v e r y s m a l l numbers of specimens, 

so t h a t o n l y a sket c h y p i c t u r e o f the tyj5e o f h a b i t a t occupied by 

G.propinqua can be b u i l t up from them. The f o l l o v / i n g synopsis i s 

based on g e n e r a l statements made by some o f the w r i t e r s l i s t e d above. 

a. Size euid depth o f water bodies :-

Pearce and Walton (1939) and Popham (19^9) s t a t e d t h a t 

t h i s s p e c i e s g e n e r a l l y l i v e s i n l a r g e water b o d i e s , w h i l s t Macan 

(195^ a.) s t a t e d t h a t i t p r o b a b l y i n h a b i t s deeper v/ater them most 

peat p o o l s p e c i e s . 
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b. Base s t a t u s :-

The g e n e r a l i m p r e s s i o n gained from the l i t e r a t u r e i s 

t h a t , i n t h e B r i t i s h I s l e s , t h i s species i s c o n f i n e d t o basd"-poor 

w a t e r s , u s u a l l y peaty. 

c. A l t i t u d e :-

Most o f the h a b i t a t s so f a r recorded have been upland' 

ones, though the presence o f G.propinqua i n a water body near 

Cambridge (Hutchinson 1925) and i n I r i s h bog pools l e s s than 100 f t . 

(30 m.) above sea l e v e l ( C r i s p and Heal 1958) show t h a t i t i s not 

c o n f i n e d t o t h e uplands. 

d. Bottom m a t e f i a l and v e g e t a t i o n :-

Walton (19^3) c o l l e c t e d t h i s species from a p o o l i n 

Somerset and found t h a t i t was c o n f i n e d t o open water. Popham 

(19^9) s t a t e d t h a t the h a b i t a t s occupied by G.propinqua have v e r y 

l i t t l e v e g e t a t i o n . 

e. Wave a c t i o n 

Walton (19k3) s t a t e d t h a t G.propinqua appears t o be l i t t l e 

a f f e c t e d by rough water c o n d i t i o n s . 

f . Bank p r o f i l e :-

C r i s p and Heal (1958) found G.propinqua i n o n l y s i x out o f 

20 water bodies studied on an I r i s h bog. Those s i x were the o n l y ones, 

§ f . t h e twenty examined, t h a t had banks s l o p i n g s t e e p l y ±nt> deep water 

and i t i s t h e r e f o r e l i k e l y t h a t t h i s i s an i m p o r t a n t f e a t u r e o f the 

type o f h a b i t a t occupied by t h i s species. 

108. 



(2) Survey o f t h e C o r i x i d a e o f Pennine water bodies v.dth s p e c i a l 
r e f e r e n c e t o C.geTmari^ C . c a r i n a t a and G.propinqua. 

( i ) General :-

This survey i s concerned c h i e f l y v / i t h upland 

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

water bodies sampled^ by the p r e s e n t a u t h o r . 

As f a r as p o s s i b l e the c o l l e c t i n g was c a r r i e d out i n 

the autumn and s p r i n g , s i n c e CcQrlxld p o p u l a t i o n s can be regarded 

as r e l a t i v e l y s t a b l e d u r i n g those seasons. This was n o t p o s s i b l e 

i n a l l cases. The data used are based on g e n e r a l c o l l e c t i o n s 

o b t a i n e d by hand n e t t i n g a l l round the margin o f each o f the s m a l l e r 

w a t e r b o d i e s and a t as m.any d i f f e r e n t p l a c e s as p o s s i b l e around the 

margin o f each o f the l a r g e r water bodies. P a r t i c u l a r care was 

taken t o ensure t h a t n e t t i n g was c a r r i e d out i n water 1 t o 2 m. 

deep (3 t o 6 f t . ) as w e l l as i n the s h a l l o w s . The amount of time 

a v a i l a b l e f o r c o l l e c t i n g a t each p l a c e v a r i e d c o n s i d e r a b l y and 

hence the t o t a l numbers c o l l e c t e d from each one do not n e c e s s a r i l y 

bear any r e l a t i o n s h i p t o the abundance o f the C o r i x i d a e t h e r e . 

I n a number o f cases s e v e r a l v i s i t s were made to a s i n g l e 

w a t e r body and i n such cases o n l y one sample date i s represented i n 

t h e t a b l e s of r e s u l t s , that date being s e l e c t e d as ojje on which a 

l a r g e sajnple was taken at a time of the year when the population 

could be regarded as being r e l a t i v e l y s t a b l e . 

T^e r e s u l t s are shown i n Tables 6l and 62, where each 

water body i s r e f e r r e d to by a National g r i d reference. To s i m p l i f y 

d e s c r i p t i o n the water bodies have been divided i n t o three general 
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types :- peat pools, t a r n s and r e s e r v o i r s . Each type i s defined 

beldw: 

( l i ) Peat pools :-

Pools from *0005 (•00125 a c r e s ) to '012 ha. ('025 acres) 
i n a r e a , with maximm depths o f 0*5 (1 f t . ) to 2*0 m. (6 f t . ) b u t 

us u e d l y l e s s than l*0m(3 f^.)deep. These pools u s u a l l y have peat 

bottoms b u t , i n some cases, t h e bottom c o n s i s t s p a r t l y o r w h o l l y 

o f c l a y or f i n e l y d i v i d e d mine d e b r i s . Stones, however, were 

r a r e l y found on the bottoms o f these p o o l s . The peat p o o l s are 

o f t e n s i t u a t e d i n v e r y exposed p o s i t i o n s b u t , because o f t h e i r 

s m a l l s i z e , t h e y r a r e l y s u f f e r severe wave a c t i o n . The q u a n t i t y 

o f v e g e t a t i o n p r e s e n t v a r i e s a good d e a l from one p o o l t o another, 

b u t most have a c e r t a i n amount o f Juncus e f f u s u s L., around t h e i r 

margins and some or a l l o f the f o l l o w i n g p r e s e n t :- Sphagnum sp., 

Equisetum limosum L. , Eriophorum a n g u s t i f o l i u m Honck, Potomogeton 

a^tans L., G l y c e r i a f l u i t a n s ( L ) , and mats o f green f i l a m e n t o u s algae. 

Pools o f t h i s t y p e are the most common water bodies i n the Fennines. 

The duckpool on B i g Moor a l s o f a l l s i n t o t h i s c a t e g o r y . 

( i i i ) Tarns :-

Three t a r n s were s t u d i e d but one o f them (83/677077) 

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

The o t h e r tvjo (8V729283 and 8V73650^) are de s c r i b e d below :-

84/73630^ occupies about 1*0 ha. (2.5 a c r e s ) and i s about 0*5 m. 
(1*5 f t . ) deep, w h i l s t 84/729283 has an area of 10 ha. (25 acres) 
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and a deptS.^about 1-0 m. (3 f t . ) . Both of these water bodies have 

• f a i r l y s t e e p l y s l o p i n g margins and r e l a t i v e l y u n i f o r m depth. I n 

both cases the bottom i s of sand w i t h a c o h e r i n g of f i n e l y d i v i d e d 

peat i n most p l a c e s and wit h stones l i t t e r e d about over the bottom. 

N e i t h e r t a r n has any m a c r o f l o r a a p a r t from a narrow m a r g i n a l f r i n g e 

of Eriophorum a U g u s t i f o l i u m at the south end of 8^73^30^. Both of EScse 

jrhese- t a r n s are i n exposed p o s i t i o n s and s u f f e r severe wave a c t i o n . 

( i v ) R e s e r v o i r s :-

I n a d d i t i o n t o the Barbrook, L i t t l e Barbrook and 

Ramsley r e s e r v o i r s , e i g h t e e n Pennine r e s e r v o i r s were s t u d i e d and 

sample analyses from t h i r t e e n of these are giv e n i n Table 62. 

Two o f these l a t t e r r e s e r v o i r s (8V9893^8 and 8V828^68) show 

c e r t a i n d e v i a t i o n s from t h e g e n e r a l d e s c r i p t i o n g i v e n below and 

these p e c u l i a r i t i e s w i l l be d e a l t w i t h i n a l a t e r p a r t of t h i s 

work. 

The South Pennine r e s e r v o i r s s t u d i e d are a l l a s s o c i a t e d 

w i t h water s u p p l y and the N o r t h Pennine ones w i t h m i n i n g a c t i v i t y . 

Both t y p e s of r e s e r v o i r have been c o n s t r u c t e d by b u i l d i n g a w a l l 

a c r o s s a v a l l e y or on a h i l l s i d e so as to r e t a i n the drainage water 

from the s u r r o u n d i n g moorlamd. Thus, i n a l l cases, part or a l l of 

the r e s e r v o i r margin c o n s i s t s of a sandstone w a l l s l o p i n g steeply 

down i n t o 0*5 (1*5 f t . ) to 3*0 m. (9 f t . ) depth of water, below 

which i s a f a i r l y l e v e l bottom o^^and or c l a y which, i n the case of 

a l l but the f i r s t three of the r e s e r v o i r s l i s t e d oh Table 62, i s 
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o v e r l a y e d by from 1 t o 3 cm. (*25 t o '75 i n . ) o f f i n e l y d i v i d e d 

p e a t . I n a l l cases, the bottom i s l i t t e r e d w i t h loose stones. 

These r e s e r v o i r s ware a l l s i t u a t e d i n exposed places and s u f f e r 

severe wave fflction. I n g e n e r a l , they c o n t a i n no m a c r o f l o r a a p a r t 

from o c c a s i o n a l r e s t r i c t e d areas o f G l y c e r i a f l u i t a n s , Juncus 

bulbosus agg., or Potoraogeton natans. The o n l y e x c e p t i o n s are 

L i t t l e Barbrook r e s e r v o i r w i t h i t s e x t e n s i v e m a r g i n a l G l y c e r i a 

beds, 84/787'<-32 which has a steep bank w i t h deep water and a 

sandy botto"'^ a t one s i d e and a g e n t l y s l o p i n g bottom v;i t h much 

mud and an e x t e n s i v e bed of P.natans a t the o t h e r s i d e , and 

8V78O33O which c o n t a i n s a dense bed o f P.natans but has a narrow 

s t r i p o f deep, open water a l o n g one s i d e . 

The South Pennine r e s e r v o i r s are from ^,6 to 2k ha. 

(9 t o 60 a c r e s ) i n area, w h i l s t the North Pennine r e s e r v o i r s are 

g e n e r a l l y r a t h e r s m a l l e r and range i n area from 0*06 t o 3*9 ha. 
( .15 t o 10 a c r e s ) . 

( v ) D i s t r i b u t i o n o f the species between the d i f f e r e n t 
t y p e s o f water b o d i e s . 

An at^'.empt i s wade here t o g i v e a ge n e r a l sumnary o f 

the c o r i x i d faunas o f the d i f f e r e n t types o f water body s t u d i e d and 

t o summarise those f e a t u r e s o f each type o f water bod" v/bich appear 

t o have some b e a r i n g on the c o r i x i d species p r e s e n t i n t h a t t y p e . 

The b u l k o f the C o r i x i d a e c o l l e c t e d from the peat pools 

(See Table 6I) belonged t o two species - C . w o l l a s t o n i and 

C . n i g r o l i n e a t a . A c c o r d i n g t o Macan (195^ a.) these s p e c i e s are 

t y p i c a l o f s m a l l peat p o o l s above the a l t i t u d e o f 1,000 ft.(300 m.). 
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The o t h e r s p e c i e s l i s t e d can p r o b a b l y be regarded as s t r a y s from 

o t h e r h a b i t a t s . The most s t r i k i n g f e a t u r e i s the complet^e absence 

o f C.germari. C . c a r i n a t a and G.propinqua from the peat p o o l samples. 

Species analyses o f the t a r n and r e s e r v o i r samples are 

g i v e n i n Table 62 and by l e a v i n g water bodies 83/677077, 8V9893^8 
and 84/828^68 out o f c o n s i d e r a t i o n f o r the time b e i n g , i t i s p o s s i b l e 

t o draw a number o f g e n e r a l c o n c l u s i o n s . 

The commonest spe c i e s o f the peat p o o l samples, 

C. w o l l a s t o n i , o c c u r r e d i n q u i t e l a r g e niimbers i n the t a r n s and 

r e s e r v o i r s b u t a marked contrasnt betv/een t h e peat pools and the l a r g e r 

water bodies was the s c a r c i t y o f C . n i g r o l i n e a t a and the prominence 

of C.germari, C , c a r i n a t a and G.propinqua i n the samples from the t a r n s 

and r e s e r v o i r s . The d i s t r i b u t i o n of the l a t t e r t h r e e species 

between the i n d i v i d u a l t a r n s and r e s e r v o i r s i s r a t h e r s t r i k i n g , f o r 

C.germari and C . c a r i n a t a were r a r e l y found t o g e t h e r i n any i n d i v i d u a l 

w ater body, C.germari b e i n g c o n f i n e d t o those w i t h a p r e d o m i n a n t l y 

sandy bottom and C . c a r i n a t a t o those w i t h an accumulation of peaty 

m a t e r i a l on t o p o f the sand. G.propinqua was found i n b o t h peaty 

and sandy bottomed water b o d i e s . The p o s s i b i l i t y t h a t C g e r n a r i 

p r e f e r s h a r d and, t h e r e f o r e , presixmably i n o r g a n i c bottoms has 

a l r e a d y been r e f e r r e d t o by Walton (19^3) b u t the occurrence o f t h i s 

s p e c i e s i n peat bottom.ed l a k e s i n E i r e has been demonstrated by 

C r i s p and Heal (1958). Two p o s s i b l e reasons can, however, be put 

forward, to e x p l a i n v/hy, i n the I r i s h l a k e s s t u d i e d by C r i s p and 

Heal, C.germari was found i n water bodies which appear more t y p i c a l 
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o f C . c a r i n a t a . F i r s t l y , the water bodies concerned were a t a 

v e r y low a l t i t u d e and C . c a r i n a t a appears t o be c o n f i n e d t o h i g h 

a l t i t u d e ' s i n the B r i t i s h I s l e s . Secondly, C . c a r i n a t a has not y e t 

been r e c o r d e d from I r e l a n d and may prove t o be absent from the 

I r i s h fauna, i n which case i t i s reasonable t o suppose t h a t the 

c l o s e l y r e l a t e d C.germari would tend t o occur i n c e r t a i n water 

b o d i e s i n I r e l a n d t h a t would be i n h a b i t e d by C . c a r i n a t a i n o t h e r 

p a r t s of the B r i t i s h I s l e s . The r e s u l t s a l s o suggest t h a t 

C.germari p r e f e r s r a t h e r l a r g e r and deeper bodies of water than 

C . c a r i n a t a , f o r the wat e r b o d i e s i n which the former was found range 

from 1*2 t o 2k ha. (3 t o 60 a c r e s ) i n area w h i l s t those i n v/hich 

C . c a r i n a t a was found range from 0*06 t o k'O ha. ('15 t o 10 a c r e s ) . 

F u r t h e r m o r e , the s t o n y banks o f the r e s e r v o i r s c o n t a i n i n g C.germari 

s l o p e down s t e e p l y i n t o 1*0 (3 f t . ) t o k'O m. (12 f t . ) o f water 

w h i l s t , w i t h t h e e x c e p t i o n o f 8V985282 (depth a t v;ater's edge about 

5*0 m. (9 f t . ) ) , the r e s e r v o i r s occupied by C . c a r i n a t a were o n l y 

0-3 ( 1 f t . ) t o 1-5 m. (.k'3 f t . ) deep. 

( v i ) Common f e a t u r e s o f the water bodies occupied by 
C.germari, C . c a r i n a t a and G.propinqua. 

On the b a s i s o f the o b s e r v a t i o n s made a t Barbrook, 

L i t t l e Barbrook and Ramsley r e s e r v o i r s , a t the water bodies l i s t e d i n 

Tables 6l and 62, and the I r i s h l a k e s s t u d i e d by C r i s p and Heal (I958) 
i t i s p o s s i b l e t o g i v e a g e n e r a l sum.tary o f the f e a t u r e s shared by the 

h a b i t a t s i n which these t h r e e species have been found. This survey 

w i l l be made under the same headings as were used i n the survey o f 

the l i t e r a t u r e (pp. IO3-IO8). 
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a. Size and depth o f water bodies :-

The Pennine and I r i s h data show t h a t these species 

o c c u r r e d o n l y i n r e l a t i v e l y l a r g e water b o d i e s . I t i s a l s o cleeir 

t h a t t h e water b o d i e s occupied by these s p e c i e s were g e n e r a l l y 

deeper than the s m a l l peat p o o l s from which these species were 

absent. I t has been shown above (pp. »•»<<. ) t h a t C.germari 

on s e c t i o n A 100 to A 300 of Barbrook r e s e r v o i r i s more abundsmt 

a t l*0m(3 f t . ) t h a n a t 0'5 m.(l'5 f t . ) depth. S i m i l a r l y , 

c o l l e c t i o n s o f C o r i x i d a e from 0*5 (1*5 f t . ) and 1*0 m (3 f t . ) 

depths on a s t e e p l y s l o p i n g bank i n r e s e r v o i r 8^985310 c o n s i s t e d 
almost e n t i r e l y o f C . c a r i n a t a and C . w o l l a s t o n i and comparison o f 

the r e l a t i v e p r o p o r t i o n s o f these two s p e c i e s a t two d i f f e r e n t 

depths by means of a Chi-squared t e s t showed t h a t C . c a r i n a t a 

formed a s i g n i f i c a n t l y l a r g e r p c o p S r t i o n o f t h e c a t c h a t 1*0 m.(3ft.) 

t h a n a t O.5 m. (1*5 f t . ) (See Table 63). Thus, f o r C.germari 

and C . c a r i n a t a , and p r o b a b l y a l s o f o r G.propinqua, ivater depth i s 

an i m p o r t a n t f e a t u r e of the h a b i t a t . Ti->is agrees w i t h the statements 

o f t h e o t h e r w r i t e r s cientioned i n the survey o f the l i t e r a t u r e 

(pp. 103-108). 

b. Base s t a t u s :-

The Pennine water bodies where any o f these t h r e e 

s p e c i e s were found a l l c o n t a i n base-poor w a t e r , b u t the work o f 

Walton (19^3) and o f Macan (195^ b.) showed t h a t C.germ.ari, a t l e a s t , 

can a l s o occur i n b a s e - r i c h w a t e r s . 
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H a b i t a t . Water depth. C , c a r i n a t a . C . w o l l a s t o n i . T o t a l s 

Stony bank 

Stony bank 

1*0 m. 

0*5 m. 

21 

18 

1 

12 

22 

30 

T o t a l s 39 13 52 

Chi-squared - 8*509 P<C '001 
Thus t h e r e i s a s i g n i f i c a n t d i f f e r e n c e between the p r o p o r t i o n s 

o f C . c a r i n a t a and C . w o l l a s t o n i a t the tv/o depths s t u d i e d . 

TABLE 63. The depth d i s t r i b u t i o n o f C . c a r i n a t a and C . w o l l a s t o n i 
on a s t o n y bank i n res=ervoir 84/985310 on 21.11,58. 



c. A l t i t u d e :-

I n t h e absence o f data from low a l t i t u d e r e s e r v o i r s 

f o r comparison w i t h the Pennine da t a , i t i s not p o s s i b l e t o make 

any d e f i n i t e c o n t r i b u t i o n t o our knowledge of the a l t i t u d i n a l 

d i s t r i b u t i o n o f these species on the b a s i s o f the prese n t work. 

d. Bottom m a t e r i a l and v e g e t a t i o n :-

I t has been note d t h a t C.germari tends t o occur i n 

water bodies v ; i t h sandy bottoms, C . c a r i n a t a i n places whBre the 

sand i s o v e r l a y e d by peat and G.propinqua, i n both types o f p l a c e . 

One f e a t u r e common t o a l l the h a b i t a t s where these t h r e e species 

have been found i s , hov/ever, the presence oft" some stony or ro c k y 

m a t e r i a l . The w a l l s o f the Pennine r e s e r v o i r s are made of s t o n e s 

and t h e bottoms o f b o t h r e s e r v o i r s and t a r n s are l i t t e r e d w i t h 

s t o n e s , v i r h i l s t i n the I ^ i s h lal'ces wh'ch c o n t a i n e d C.germari and 

G. p r o p i n q u a the pe a t y banks are i n t e r s p e r s e d \idth areas of exposed 

rock s u r f a c e . The importance o f stones as o v i p o s i t i o n s i t e s f o r 

C,germari has been demonstrated a t Barbrook r e s e r v o i r and casual 

o b s e r v a t i o n s suggest t h a t t h e same a p p l i e s t o C . c a r i n a t a . V/ith 

r e g a r d t o G.propinqua, C r i s p and Heal (1958) found t h a t i f the samples 

f r o m vrater b o d i e s c o n t a i n i n g C.germari and G.propinqua were 

s e p a r a t e d i n t o i n s e c t s c o l l e c t e d from rock s u r f a c e s and i n s e c t s 

c o l l e c t e d f f o m peat s u r f a c e s and i f the p r o i - o r t i o n o f C.germari * 

G.prordnqua t o o t h e r s p e c i e s was compared between the two se t s o f 

sub-samples, then t h e C..R:ermari and G.propinqua formed a s i g n i f i c a n t l y 

h i g h e r p r o p o r t i o n o f the c a t c h from rock than fro.m peat s u r f a c e s . 

C l e a r l y i t was d e s i r a b l e t h a t t h i s process should be re p e a t e d f o r 

G.propinqua and f o r C.p:ermari sreparately and i n A p r i l 1959 the area 
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was r e v i s i t e d and f u r t h e r samples were t a l t e n . On t h a t occasion 

r e l a t i v e l y few C.germari were c o l l e c t e d , b u t G.propinqua was q u i t e 

abundant. The r e s u l t s (Table 6^) show t h a t , r e l a t i v e t o the o t h e r 

s p e c i e s p r e s e n t i n t h e lalces s t u d i e d , b o t h C.germari and G.propinqua 

show a s i g n i f i c a n t p r e f e r e n c e f o r r o c k y s u r f a c e s . Now these r e s u l t s 

and those a l r e a d y p u b l i s h e d were o b t a i n e d a t times o f the year when 

these two spe c i e s were o v i p o s i t i n g o r were j u s t about t o begin 

o v i p o s i t i o n , t hus i n the case o f C.germari t h i s p r e f e r e n c e f o r rock 

s u r f a c e s i s l i k e l y t o be an e x p r e s s i o n o f the o v i p o s i t i o n p r e f e r e n c e 

o f the sp e c i e s . T h i s may a l s o be the case w i t h G.propinqua but t h i s 

s p e c i e s i s l a r g e l y p r e d a t o r y (Walton 19^3) and may f a v o u r rock 

s u r f a c e s as r e s t i n g p l a c e s from which i t can a t t a c k p o t e n t i a l prey 

organisms, though i t i s d i f f i c u l t t o see why rock s u r f a c e s should be 

s u p e r i o r t o peat s u r f a c e s f o r t h i s purpose. 

V/alton (19^3) s t a t e d t h a t G.propinqua i s c b n f i n e d t o open water 

qnd t h i s o b s e r v a t i o n i s supportecb by o b s e r v a t i o n s on t h i s species a t 

Barbrook, Ramsley and L i t t l e Barbrook r e s e r v o i r s (See p p . 3 3 - 3 ^ and 

Tables I'f - 19). C.germari and C. ca r i n a t a - were found b o t h i n open 

water and amo^lgst v e g e t a t i o n b u t the species analyses, o f the samples 

from Barbrook r e s e r v o i r (Tables 1^ and 15) show t h a t a l t h o u g h 

C.germari was p r e s e n t i n t h e densely v e g e t a t e d s t a t i o n D e l t a , the 

p r o p o r t i o n o f o t h e r spp. p r e s e n t t h e r e was much hi£;her than i n the 

r e l a t i v e l y open water o f the r e s t o f the r e s e r v o i r . The same t h i ^ g i s 

shown by Table 65 which compares the p r o p o r t i o n s o f C.gernari and 

C . w o l l a s t o n i i n samples taken from a ddpth o f 1*0 m.(3 f t . ) on a 

s t o n y bank w i t h open water and from a depth o f 0*5 (1*5 f t . ) on a 
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(A) 

Peat Rock T o t a l s 

G.propinqua. 13 67 80 

Other spp.fexcept f o r C.germari). 107 66 173 

T o t a l s 120 133 253 

Chi-squared = k3'S P <Cl*001 

(B) 

Peat Rock T o m s 

C.germari 0 11 11 

Other spp. (except f o r G.propinqia) 107 66 173 

T o t a l s 107 77 184 

Chi-squared = l6*3 P <C.001 

TABLE 64. D i s t r i b u t i o n o f C . g e r n a r i and G . p y i n q u a betv/een rock 
and peat s u r f a c e s i n I r i s h Lakes, A p r i l , 1959. 

(A') G. propinqua. 

( B ) C.germari. 



H a b i t a t Water depth. . C.germari. C , w o l l a s t o n i . T o t a l s 

Stony bank 

Potomogeton bed 

I'O m. 

e'5 m. 

8 

1 

1 

17 

9 

18 

T o t a l s 9 • 18 27 

Chi-squared = 18*75 .001 

Thus t h e r e i s a s i g n i f i c a n t d i f f e r e n c e betv/een the p r o p o r t i o n s 
o f C.germari and C . w o l l a s t o n i i n the two h a b i t a t s s t u d i e d . 

TABLE 65. The d i s t r i b u t i o n o f C.gern.ari and C . w o l l a s t o n i i n 
r e s e r v o i r Sk/7S7'+32 on 11.11.58. 



muddy bottom i n a dense P.natans bed. C»^ermari formed a s i g n i f i c 

a n t l y h i g h e r p r o p o r t i o n of the c a t c h f r o p the former p l a c e than the 

l a t t e r , though t h i s may p a r t l y be a r e f l e d t i o n o f the depth 

p r e f e r e n c e shown by C«p:ermari. S i m i l a r l y , Table 66 compares the 

r e l a t i v e p r o p o r t i o n s o f C . c a r i n a t a and C . w o l l a s t o n i i n the open 

water o f a t a r n and i n a m a r g i n a l f r i n g e of E . a n g u s t i f o l i u m and 

shows t h a t C . c a r i n a t a formed.a s i g n i f i c a n t l y g r e a t e r p r o p o r t i o n o f the 

c a t c h from'-'^open water than from, amongst the v e g e t a t i o n . The 

c o n t e n t i o n t h a t C.germari and C . c a r i n a t a p r e f e r open water i s f u r t h e r 

s u p p o r t e d by the f a c t t h a t m.ost o f the water bodies i n which they 

have been found c o n t a i n r e l a t i v e l y l i t t l e v e g e t a t i o n . 

e. Wave a c t i o n 

The Pennine and I r i s h h a b i t a t s where any of these 

t h r e e s p e c i e s have been found by t h e p r e s e n t v / r i t e r have always 

been r e l a t i v e l y l a r g e water bodies i n exposed places and s u b j e c t 

t o f a i r l y severe wave a c t i o n . 

Walton (19^3) s t a t e s t h a t b o t h C.germari and G.propinqua 

can occur i n wa t e r s s u b j e c t t o severe wave a c t i o n . He a l s o s t a t e s 

t h a t rough v;ater "makes no d i f f e r e n c e " t o G.propinqua and t h a t 

C.germari. i n one o f h i s water b o d i e s , c o u l d be found "abundantly i n 
op 

rough water where the win d was d r i v i n g ^ i i r a v e s h a l f a metre h i g h " . 

The o b s e r v a t i o n s made a t Barbrook r e s e r v o i r , hov/ever, (see Table 51) 

suggest t h a t Walton's remarks about C.germari r e q u i r e some q u a l i f i c 

a t i o n , f o r the Barbrook d a t a do show t h a t C.germari can be found on 

shores s u b j e c t t o severe wave a c t i o n and t h a t the species can be 

c o l l e c t e d t h e r e when such v/ave a c t i o n i s i n o p e r a t i o n , b u t they a l s o 
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Habitat Water C.carinata. C.wollastoni. Totals 
depth. 

Open water. 0*3 m. 6k 3 67 
Eriophorum f r i n g e . 0*5 m. 23 27 50 

T o t a l s . 87 30 117 

Chi-squared = 56*63 P<C*001 

Thus there i s a s i g n i f i c s m t d i f f e r e n c e between the proportions 

of c a r i n a t a and C.wollastoni i n the two h a b i t a t s studied. 

gABLE 66. T^e d i s t r i b u t i o n of C.cari n a t a and C.wollastoni i n 

tarn 8V736304 on 28.10.58. 



show t h a t fev/er specimens than u s u a l can be c o l l e c t e d per u n i t 

e f f o r t under such c o n d i t i o n s . I n f a c t , i t seems t h a t the species 

tends t o a v o i d t h e e f f e c t s o f severe wave a c t i o n by moving i n t o 

deeper water or descending amongst the stones o f the substratum. 

f . Bank p r o f i l e :-

Macan (1957) d i s t i n g u i s h e s between water bodies 

whose bottoms s l o p e g e n t l y from edge t o middle and those v ; i t h s t e e p l y 

s l o p i n g ?nargins and r e l a t i v e l y l e v e l bottoms. These he d e s c r i b e s 

as " t i n - h a t " and " p i l l - b o x " t y p e s r e s p e c t i v e l y . T h i s d i s t i n c t i o n 

appears t o be p a i r f c i c u l a r l y i m p o r t a n t i n d e s c r i b i n g the h a b i t a t s 

o c c u p i e d by C. g e r m a r i , C. c a r i n a t a and G.propinc^ua f o r a l l the water 

b o d i e s i n which any o f these t h r e e species were found by the p r e s e n t 

w r i t e r belonged t o t h e " p i l l - b o x " t y p e . 

( v i i ) Anomalous cases :-

A t t e n t i o n has been p a i d t o the f e a t u r e s common t o 

a l l t h e water bodies where the p r e s e n t v / r i t e r found one or o t h e r 

o f these t h r e e s p e c i e s . There v.'ere, however, c e r t a i n water bodies 

i n v/hich these s p e c i e s were r a r e or absent, even though these 

water b o d i e s f u l f i l l e d some o r most o f the c o n d i t i o n s vjhich appear 

t o be r e q u i r e d by the t h r e e s p e c i e s . I t i s therefoaee necessary 

t h a t some a t t e n t i o n be p a i d t o these water bodies i n an a t t e m p t 

t o see why they s h o u l d be u n s u i t a b l e f o r these t h r e e c o r i x i d s p e c i e s . 

T^ese anomalous cases c o n s i s t o f t h r e e l i s t e d on Table 62.-

83/677077, 8V9893^8 and 8V828"if68 and f i v e o t h e r s i n the South 

Pennine r e g i o n which are n o t i n c l u d e d i n Table 62. The map r e f e r e n c e s 
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o f these l a t t e r f i v e are 111/3207^7, 111/355657, 111/358655, 

111/360655 and 111/26785^. Of these water bodies,83/677077 

can be i m m e d i a t e l y disposed o f on the grounds t h a t i t i s 

t o t a l l y d i f f e r e n t from a l l the o t h e r l a r g e v;ater bodies b e i n g 

s t u d i e d . A l t h o u g h surrounded by moorland, i t i s a h i g h l y 

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

a c c u m u l a t i o n o f raud i n many p l a c e s and beds of Phragmites communis 

T r i n . a t a number o f p o i n t s around i t s margins. Thus i t i s not 

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

c o r i x i d fauna from t>ie r e s t o f t'^e water b o d i e s . 

The remainder o f the anoraalous cases are a l l r e s e r v o i r s 

and can be separated i n t o tv/o groups :- (1) Those where, i n s p i t e 

o f the f a c t V^at a t l e a s t one hour's nettihg/i-fas c a r r i e d out i n 

each case, n e g l i g i b l e numbers o f C o r i x i d a e w e r e c a p t u r e d . 

(2) Those Vv'here reasonable 

s i z e d samples v;ere o b t a i n e d , b u t C.germari, C. c a r i n a t a and 

G.propinqua formed a n e g l i g i b l e p r o p o r t i o n o f the t o t a l c a t c h . 

I t i s i m p o r t a n t t o n o t e , however, t h a t , so f a r as t h e i r s i z e s , 

d epths, bottom p r o f i l e s , s t o n y banks, d e n s i t i e s of v e g e t a t i o n and 

bot t o m m a t e r i a l s are concerned, these water bodies a l l appear 

l i k e l y t o c o n t a i n one or more o f these t h r e e s p e c i e s . 

R e s e r v o i r 111/26785^ i s s i t u a t e d a t an a l t i t u d e o f 

1070 f t . and r e c e i v e s water from r e s e r v o i r s III /259855 and 

111/263855 (See Table 62). The o n l y obvious r e s p e c t i n which i t 

d i f f e r s from the two l a t t e r r e s e r v o i r s i s t h a t l i m e i s added t o 
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i t s w ater. D u r i n g t h r e e v i s i t s i n the summer and e a r l y autumn 

of 195^ no C o r i x i d a e were ever taken from i t . R e s e r v o i r s 

111/355657 and 111/360655 are s m a l l r e s e r v o i r s a t a l t i t u d e s of 

750 and 675 f t . (250 m. and 225 m.) r e s p e c t i v e l y . Both have 

s t e e p l y s l o p i n g s t o n y shores and bottoms o f c l a y w i t h l i t t l e 

v e g e t a t i o n . These two water bodies r e c e i v e water d r a i n i n g from 

farm l a n d and have water pHs. on the a l k a l i n e s i d e of n e u t r a l i t y , 

ŷ̂ hen they were v i s i t e d i n A p r i l 1959 no C o r i x i d a e were found i n 

111/355657 and o n l y a s i n g l e specimen o f C.praeusta was o b t a i n e d 

from 111/360655. 

R e s e r v o i r s 111/3207^7 and III / 358655 are s i m i l a r t o the 

l a s t two mentioned above and are s i t u a t e d a t a l t i t u d e s o f 575 and 

700 f t . (190 and 230 m. ) r e s p e c t i v e l y . V.rhen they were v i s i t e d 

d u r i n g A p r i l 1959, 12 specimens o f C . d o r s a l i s were taken from the 

l a t t e r and 32 specimens o f C . d o r s a l i s t o g e t h e r w i t h two specimens 

each o f C . f a l l e n i and C.praeusta and s i n g l e specimens o f 

C . d i s t i n c t a and C.germari were taken from t h e former. A l t h o u g h 

these r e s e r v o i r s have porti"'-r.s o f steep stony bank a p ' j a r e n t l y 

s u i t a b l e f o r C.germari, C o r i x i d a e wdre scared' or absent i : i these 

areas and the b u l k o f the C . d o r s a l i s m a t e r i a l was c o l l e c t e d from 

p o r t i o n s o f g e n t l y s l o p i n g shore w i t h a c e r t a i n amount o f v e g e t a t i o n 

cover. S i m i l a r r e s u l t s , b u t f o r a d i f f e r e n t species, v/ere 

o b t a i n e d from r e s e r v o i r 8V828^68 (See Table 62). This i s a 

N o r t h Pennine r e s e r v o i r a s s o c i a t e d w i t h a mine which i s s t i l l i n 

o p e r a t i o n . The mine and the r e s e r v o i r are s i t u a t e d i n a v a l l e y 

and the r e s e r v o i r i s s i t u a t e d lower down the v a l l e y than the mine 

and s p o i l heaps. I t seems l i k e l y t h a t the s p o i l heaps a c t as a 

source o f enrichment f o r the drainage water f l o w i n g i n t o the 
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r e s e r v o i r . N e t t i n g on a stone bank s l o p i n g s t e e p l y i n t o 

1*0" (3 f t . ) t o 2*0 (6 f t . ) m. o f water y i e l d e d o n l y 2 specimens 

o f C , d o r s a l i s and s i n g l e specimens o f C.germari and C . n i g r o l i n e a t a , 

b u t n e t t i n g i n g e n t l y s l o p i n g s h a l l o w s (0-25 m. depth) i n s h o r e 

o f a dense bed o f P.natans on a b o t t o m ^ c l a y , sand and mud gave 

6 l C.venusta, 6 C . d o r s a l i s and 1 C . l a t e r a l i s . 

R e s e r v o i r 8V9893'*^8 appesirs t o be a t y p i c a l N o r t h Pennine 

r e s e r v o i r w i t h s t e e p l y sloping stone banks, l i t t l e v e g e t a t i o n and 

a b o t t o m o f f i n e l y d i v i d e d p e a t . Although speciraem^f C. c a r i n a t a 

have been taken t h e r e , t h e most common species i s C . d i s t i n c t a 

g.nd t h i s i s found a t a depth o f about 0*5 m. on the stony banks. 

T h i s r e s e r v o i r i s o n l y about 2*5 m i l e s (k'O Km.) from r e s e r v o i r 

84/985310 and apr)ears v e r y s i m i l a r t o t h a t r e s e r v o i r i n most 

r e s p e c t s . One d i f f e r e n c e between these two r e s e r v o i r s , however, i s 

t h a t 84/985310 r e c e i v e s drainage v/ater from base-poor r o c k s o n l y , 

w h i l s t j u s t u p h i l l o f 84/989348 t h e r e i s a narrow band o f li m e s t o n e 

and t h i s f e a t u r e may serve t o r a i s e the base s t a t u s of the l a t t e r 

r e s e r v o i r . The pH val u e s g i v e n by water samples from these tv/o 

water bodies were 3*9 and 4*6 r e s p e c t i v e l y and t h i s shoi^s t h a t , 

though the water i n 84/989348 may be l e s s a c i d i c than t h a t i n 

84/985310, i t i s s t i l l h i g h l y a c i d i c . 

The r e s u l t s from these v a r i o u s r e s e r v o i r s are d i f f i c u l t 

t o e x p l a i n . I t i s c l e a r t h ? t t h e base s t a t u s o f some, and perhaps 

most o f these anomalous r e s e r v o i r s i s h i g h e r than t h a t o f the o t h e r 

water bodies s t u d i e d , b u t the r e c o r d s of Macan (1954) and 

Walton (1943) shoxv t h a t h i g h base s t a t u s alone does not g i v e an 
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adequate reason f o r the absence o f C.germari. Another p o i n t v;hich 

a r i s e s , however, i s t h a t most o f the water bodies s t u d i e d do not 

c o n t a i n any f i s h , b u t t h a t a l l o f the anomalous water bodies, a p a r t 

f r o m 84/9893^8, c o n t a i n t r o u t sind, i n some cases, minnows as w e l l . 

Walton (19^3) showed t h a t t r o u t w i l l eat C.germari and Popham (19^^) 

showed t h a t , under l a b o r a t o r y c o n d i t i o n s , minnows w i l l a t t a c k 

C o r i x i d a e . Even though t r o u t and C.germari v/ere b o t h p r e s e n t 

t o g e t h e r i n the r e s e r v o i r s t u d i e d by Walton, i t i s p o s s i b l e t h a t i n 

c e r t a i n water b o d i e s the presence of t r o u t might cause the 

e x t i n c t i o n o f C.germari i n those v;ater bodies. I n such x\'ater bodies 

the o n l y C o r i x i d a e l i l c e l y t o be found would be o c c a s i o n a l v i s i t o r s 

from o t h e r h a b i t a t s and species such as C . d o r s a l i s which l i v e i n 

r e l a t i v e l y s h a l l o w water where they are l e s s v u l n e r a b l e t o the 

a t t a c k s o f l a r g e p r e d a t o r s such as t r o u t . 

A f u r t h e r f a c t o r which may be i m p o r t a n t i s the v e r y s m a l l 

amount o f f l i g h t v;hich appears t o be i n d u l g e d i n by C.germari, 

t h i s p r o b a b l y means t h a t the r a t e o f spread o f t h i s species i s 

r e l a t i v e l y lovi and t h e r e f o r e t h a t h a b i t a t s q u i t e s u i t a b l e f o r 

t h i s s pecies may n o t c o n t a i n i t , s i m p l y because the species has 

never svicceeded i n r e a c h i n g these h a b i t a t s i n s u f f i c i e n t numbers 

t o c o l o n i s e them s u c c e s s f u l l y . L i t t l e i s known about f l i g h t i n 

C . c a r i n a t a and G.propingua, b u t , i f they t o o should r r o v e t o f l y 

v e r y l i t t l e , the sane c o n s i d e r a t i o n s w i l l a p p l y t o them as t o 

C.germari. 

Thus v a r i o u s p o s s i b l e e x p l a n a t i o n s o f the anoaalou.s v/ater 

b o d i e s c.n be g i v e n , b u t i n the absence of f u r t h e r i n f o r m a t i o n , 
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these e x p l a n a t i o n s m.ust be regarded as r a t h e r s p e c u l a t i v e ones. 
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X V I I , EXPERIMENTS ON RESPIRATION AND S'7Iir:-'irG. 

The experiments d e s c r i b e d here must be regarded as 

p r e l i m i n a r y i n v e s t i g a t i o n s b u t , though t h e ^ are n o t very c r i t i c a l 

e x p eriments the r e s u l t s are s u g g e s t i v e . The b a s i c p r i n c i p l e o f 

a l l these experiments has been t o tal^e a number o f species o f 

C o r i x i d a e , r e p r e s e n t i n g a f a i r l y wide v a r i e t y of h a b i t a t types, 

and t o compare the performances o f these species i n v a r i o u s 

a c t i v i t i e s r e l a t i n g t o r e s p i r a t o r y and swimming e f f i c i e n c y . The 

spec i e s t h a t have been employed are C.germari, C . c a r i n a t a and 

G.propinqua (deep, open water s p e c i e s ) , C . w o l l a s t o n i (shallov/ 

peat p o o l s ) , C . s a h l b e r g i ( s m a l l pools u s u a l l y w i t h dead' leaves on 

the bottom) and C . d i s t i n c t a ( l a k e s and ponds i n places where a 

c e r t a i n amount o f o r g a n i c m a t t e r accumulates). Not a l l of these 

s p e c i e s have been used i n every experiment, b ut as v;ide a range 

o f s p ecies as p o s s i b l e v/as used i n each. 

The f i r s t experiment on r e s p i r a t i o n v/as a comparison o f 

the s u r v i v a l r a t e s o f d i f f e r e n t species when denied access t o the 

water s u r f a c e . Ten males and t e n females of C«germari v/ere each 

p l a c e d i n 2 X 1 i n c h g l a s s tubes. A piece o f n e t t i n g v/as t i e d 

over t h e mouth o f each tube and the twenty tubes v/ere then submerged 

i n a t r o u g h of w a t e r . Care was feken t o ensure t h a t no bubbles of 

a i r were p r e s e n t i n t h e tubes and the v/ater tem-perature was m a i n t a i n e d 

a t 17°C. The tubes were examined a t i n t e r v a l s and the t o t a l number 

o f dead animals was noted on each occasion. T h i s procedure was 

re p e a t e d u s i n g C. c a r i n a t a , C. s a h l b e r g i , C . w o l l a s t o n i and C. d i s i : i n c t a 
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and the r e s u l t s are shown i n Table 67. I f the times taken f o r 

30% o f the specimens t o d i e are compared betvjeen species then the 

r e s u l t s shov/ t h a t 30% m o r t a l i t y was reached i n l e s s than I 8 hours 

by C. s a h l b e r g i , i n 2k t o k2. hours by C. g e r m a r i and C. c a r i n a t a and 

i n 60 t o 72 hours by C.dii;>ifetincta and C . v / o l l a s t o n i . I n f o r m a t i o n 

about the oxygen t e n s i o n s i n the tubes d u r i n g the experiment and 

the^ oxygen t e n s i o n s experienced by these species i n the f i e l d are 

r e q u i r e d b e f o r e d e t a i l e d c o n c l u s i o n s can be drawn, but the r e s u l t s 

t h a t , under t h e c o n d i t i o n s o f the experiment, t h e r e i s no reason 

t o b e l i e v e t h a t C.germari and C . c a r i n a t a show any s p e c i a l mechanical 

or p h y s i o l o g i c a l a d a p t a t i o n s t o enable them t o s t a y below the water 

s u r f a c e any l o n g e r than some o f the s h a l l o w water species do. Under 

f i e l d c o n d i t i o n s , however, none o f these species are I j i e l y t o s t a y 

belov/ the water s u r f a c e f o r a S l o n g as they were compelled t o do 

i n t h i s experiment and i t i s t h e r e f o r e necessary t o examine n o t o n l y 

t h e t o l e r a n c e l i m i t s shown by the v a r i o u s species but a l s o the 

length o f time t h e y s t a y dow^ when a l l o w e d f r e e access t o the water 

s u r f a c e . For t h i s purpose two j a r s were s e t up f o r each species, 

one containing e i g h t males and one containing eight females. The 

bottom m a t e r i a l placed i n each j a r was c o l l e c t e d from the same 

pla c e as the i n s e c t s kept i n that j a r smd the water temperature 

i n the j a r s was maintained at 17°C. The t o t a l number of surface 

v i s i t s made by the i n s e c t s i n each j a r during each period of h a l f 

an hour was determined over a t o t a l period of three and a h a l f 

hours. Thus fourteen readings were obtained for each s p e c i e s . 
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EoiiTs 
from 
s t a r t . 

C.sahl C . c a r i n  C.germ- C . d i s t  C . w o l l a s t EoiiTs 
from 
s t a r t . 

b e r g i a t a . a r i . i n c t a . o n i . 

18 18 5 2 I 1 

24 18 7 3 1 1 

42 20 15 15 3 3 

60 17 19 8 9 

72 19 20 13 10 

90 20 15 11 

1144 17 16 

168 19 19 

180 20 20 

TABLE 67. T o t a l number o f dead specimens out o f the i n i t i a l 20 

o f each specimens o f each s p e c i e s , a f t e r v a r i o u s time 

i n t e r v a l s , i E x p e r i m e n t conducted a t 20 C. 



The r e s u l t s are summarised i n Table 68 but those o b t a i n e d f o r 

C,wollastonj4iave been o m i t t e d because, at the tempersbure of the 

e x p e r i m e n t , t h i s species spent most of i t s time at or near the 

w a t e r s u r f a c e a t t e m p t i n g to f l y away and hence the number of 

s u r f a c e v i s i t s r e c o r d e d was u n d u l y h i g h . The r e s u l t s show t h a t , 

on average, C.germari and C . c a r i n a t a v i s i t e d the s u r f a c e l e s s o f t e n 

t h a n the two s h a l l o w water s p e c i e s , C . d i s t i n c t a and C . s a h l b e r g i . 

I n t h e case o f C.germari t h i s d i f f e r e n c e i s s i g n i f i c a n t a t the 

5% c o n f i d e n c e l e v e l b u t more data i s r e q u i r e d b e f o r e a d e f i n i t e 

c o n c l u s i o n can be reached r e g a r d i n g the d i f f e r e n c e i n frequency 

o f s u r f a c e v i s i t s between C . c a r i n a t a and the two s h a l l o w water 

s p e c i e s . I t i s t h e r e f o r e h i g h l y probable t h a t C.germari possesses 

some b e h a v i o u r a l a d a p t a t i o n which causes i t t o v i s i t the water 

s u r f a c e l e s s o f t e n than t h e two s h a l l o w water species f o r v/hich 

r e s u l t s have been o b t a i n e d . 

The h o r i z o n t a l swimming speeds o f C.germari, G.provingua 

and C . w o l l a e t o n i were determined a c c o r d i n g t o the method d e s c r i b e d 

by Popham (1953) and at the same time the niunber o f l e g s t r o k e s 

made per minute was determined f o r each s p e c i e s . The experi-ient 

was conducted a t 10°C and t h i r t y e s t i m a t e s of v e l o c i t y and r a t e o f 

s t r i i - . i n g were o b t a i n e d f o r each s p e c i e s . Fvom these data the 

number of l e g s t r o k e s made per metre t r a v e l l e d was c a l c u l a t e d f o r 

each s p e c i e s . The r e s u l t s are summarised i n Table 69 and show 

t h a t b o t h C.germari and G.propinqua- made s i g n i f i c a n t l y l e s s s t r o k e s 

per minute and hence r e q u i r e d l e s s s t r o k e s t o cover a metre than 

the two s h a l l o i v water species d i d . I n o r d e r t o c a r r y the argument 
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Species. Mean number of s u r f a c e v i s i t s per h a l f hour by 
8 i n d i v i d u a l s 

Species. 

Mean v a l u e . 3% confidence i n t e r v a l . 

C.germari 2-06 

5-87 

6*71 

1-859 t o 2-268 

^-146 t o 5-063 

4*667 t o 7*224 

5-556 t o 7.958 

C . c a r i n a t a 

2-06 

5-87 

6*71 

1-859 t o 2-268 

^-146 t o 5-063 

4*667 t o 7*224 

5-556 t o 7.958 

C . d i s t i n c t a 

2-06 

5-87 

6*71 

1-859 t o 2-268 

^-146 t o 5-063 

4*667 t o 7*224 

5-556 t o 7.958 C . s a h l b e r g i 

2-06 

5-87 

6*71 

1-859 t o 2-268 

^-146 t o 5-063 

4*667 t o 7*224 

5-556 t o 7.958 

2-06 

5-87 

6*71 

1-859 t o 2-268 

^-146 t o 5-063 

4*667 t o 7*224 

5-556 t o 7.958 

TABLE 68. Mean number o f s u r f a c e v i s i t s per hour by groups o f 
8 i n d i v i d u a l s o f each species. Based on Ik t r i a l s 
per s p e c i e s a t a temperature o f 17 C. 



6 .prop- C,germ C.sahl C . w o l l a s t 
i n q u a . a r i . b e r g i . o n i . • 

Mean v e l o c i t y ( c m / s e c . ) 

Mean No.of s t r o k e s / s e c . 

Mean No. o f strokes/m. 

3-2+-38 

213 ± 8 - 6 

66-7 

k'Q*' 33 

237+ 7'k 

58*9 

3-1+- -27 

280 + 8 * 6 

89-3 

2-751 *36 

270 +• 8-5 

98*1 

TABLE 69. Mean v a l u e s f o r v e l o c i t y , number o f s t r o k e s per second 
and number of s t r o k e s per metre d u r i n g h o r i z o n t a l 
swimming a t 10°C. Based on 30 t r i a l s per species. 
3% c o n f i d e n c e l i m i t s are shovm. 



f u r t h e r , i n f o r m a t i o n i s r e q u i r e d about the amount of energy 

expended per l e g s t r o k e by each specie s . I f i t i s assumed 

t h a t the amount o f energy used per l e g s t r o k e i s the same f o r 

a l l f o u r s p e c i e s , then i t f o l l o v / s t h a t C.germari and C . c a r i n a t a 

swim more e f f i c i e n t l y t han C . s a h l b e r g i and C v T O l l a s t o n i and are 

t h e r e f o r e b e t t e r s u i t e d t o l i f e i n deep or rough v/ater than the 

two l a t t e r s p e c i e s . Waat the r a s u l t s c e r t a i n l j ? - do show i s t h a t , 

a t t h e temperature o f t h e experiment, C.germari sv/ims s i g n i f i c a n t l y 

f a s t e r than the two s h a l l o w I'/ater species. This i s of g r e a t 

i m p o r t a n c e , f o r i t neans t h a t C.germari w i l l be b e t t e r adapted t o 

l i f e under rough v/ater c o n d i t i o n s than C . s a h l b e r g i and C . w o l l a s t o i i i . 

I t a l s o sugge'^ts t h a t C.germari villi take p r o p o r t i o n a t e l y l e s s t i n e 

over i t s v i s i t s t o the s u r f a c e than C . s a h l b e r g i and C . w o l l a s t o i i do. 

T h i s l a s t T i o s s i b i l i ' t y was t e s t e d by p l a c i n g a number of specimens o f 

C.germari i n an aquarium, w i t h 20 cm. (8 i n . ) depth o f water abo\?c the 

s u r f a c e o f the s u b s t r a t u m . Each time a specimen v i s i t e d the v/ater 

s u r f a c e , the time taken t o make the round t r i p from bottom t o s u r f a c e 

t o b o t tom vras measured. The experiment was conducted a t 15°C and 

t i m e s were n o t r e c o r d e d i n cases where a specimen v i s i t e d the s u r f a c e 

and then swam about the aquarium b e f o r e r e t u r n i n g t o the substratum. 

Twenty r e a d i n g s v/ere o b t a i n e d f o r C.germari and the process was then 

r e p e a t e d f o r C . w o l l a s t o n i and f o r C . s a h l b e r g i . I n each case the 

i n s e c t s used were p r o v i d e d w i t h bottom m a t e r i a l from the places 

where they were c o l l e c t e d . The r e s u l t s are summarised i n Table 70. 

and shov/ t h a t , i n 20 cm. (8 i n . ) depth of wa-ter, C.germari does take 
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C.germari. C, s s i h l b e r g i . C w o l l a s t o n i . 

Mean t i m e ta'-en(sees. ) 6'3 + 1-10 6*7 + .0'99 8*9 f 1.58 

TABLE 70> Mean number o f seconds talcen t o t r a v e l from the 
sub s t r a t u m t o water s u r f a c e and back a^jain f o r the 
pvirpose o f renewing the bubble g i l l . Based on 
20 t r i a l s per species a t 15°C i n 20 cm.(8 i n . ) depth 
o f v;ater. 



l e s s time t o v i s i t the water s u r f a c e and renew i t s bubble g i l l than 

C. s a h l b e r g i or C, w o l l a s t o n i , thou.g;h the d i f f e r e n c e between C. ̂ e r m a r i 

and C,sahiberp:i i s n o t s i g n i f i c a n t . I n a d d i t i o n , i t has been shovm 

t h a t C.p:ermari v i s i t s the s u r f a c e s i g n i f i c a n t l y l e s s o f t e n than the 

two l a t t e r s p e c i e s . Thus^ so f a r as the tiF'e f a c t o r i s concerned, 

C.germarl i s l i k e l y t o be able t o make s u r f a c e v i s i t i n g an economical 

p r o p o s i t i o n a t g r e a t e r depths than C . w o l l a s t o n i a r C . s a h l b e r g i . 
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X V I I I . DISCUSSION. 

I n v e s t i g a t i o n o f the Pennine h a b i t a t s o f C.germari, 

C . c a r i n a t a and G. propinqua shows t h a t the h a b i t a t s of these t h r e e 

s p e c i e s can be t y p i f i e d t o some e x t e n t . I t i s c l e a r t h a t water 

b o d i e s s u i t a b l e f o r o c c u p a t i o n by these species are q u i t e comcon 

i n t h e Pennine r e g i o n , i n the form o f r e s e r v o i r s such as have 

been d e s c r i b e d above. S^ch r e s e r v o i r s are widespread and by no 

means r a r e i n t h e Pennines around the a l t i t u d e of 1,000 ft.(300 m.). 

I t i s t h e r e f o r e l i k e l y t h a t f u r t h e r c o l l e c t i n g i n t h i s re::ion x - ; i l l 

show t h a t these t h r e e species are q u i t e widespread t h e r e . I t i s 

f u r t h e r suggested t h a t the reasons f o r these t h r e e species not 

h i t h e r t o b e i n g well-knovm i n the Pennine r e g i o n are t h a t l i t t l e 

a t t e n t i o n has so f a r been p a i d t o the c o r i x i d faunas o f upland 

r e s e r v o i r s and t h a t inadequate a t t e n t i o n has been g i v e n t o the stony 

banks and deep water where these species are t o be found most e a s i l y . 

On the b a s i s of the i n f o r m a t i o n a l r e a d y o b t a i n e d about the 

b i o l o g y of C.germari and the types of h a b i t a t s i t occupies, i t i s 

now p o s s i b l e to examine the v a r i o u s stages^ i n i t ~ s l i f e h i s t o r y 

t o see what ad;aptations f i t t i n g them f o r t h e i r h a b i t a t are shov/n by 

these stages. 

I t has been shown t h a t C.germari g a e r a l l y l a y s i t s eggs on 

s t o n e s r a t h e r t h a n on dead or l i v i n g v e g e t a t i o n . This behaviour i s 

c l e a r l y o f value t o a species l i v i n g i n p l a c e s s u b j e c t t o severe 

wave a c t i o n , f o r , i n such p l a c e s , eggs l a i d on v e g e t a t i o n are l i a b l e 
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t o s u f f e r d e s s i c c a t i o n as a r e s u l t o f the v e g e t a t i o n b e i n g 

t o r n up and thrown ashore by waves. The stomes of the substratum 

are l i k e l y t o be moved about r e l a t i v e l y l i t H e and are most u n l i k e l y 

t o be c a s t ashore. 

I t i s t h e r e f o r e o f i n t e r e s t t o note the p e c u l i a r form o f 

the C.germari egg, f o r i t i s a r e l a t i v e l y l o n g , narrow egg w i t h a 

v e r y s h o r t p e d i c e l and i t shows b i l a t e r a l symmetry such t h a t , 

when the egg i s a t t a c h e d t o a plane s u r f a c e , the l o n g a x i s o f the 

egg i s i n c l i n e d a t an angle t o t h a t s u r f a c e . Th.e eggs t h a t have 

been d e s c r i b e d f o r o t h e r species o f C o r i x i n a e (Hungerford 19^8, 

Poisson 1933, Packard I898, Walton 19^3) are of a v a r i e t y o f 

shapes b u t are g e n e r a l l y r a d i a l l y s y m m e t r i c a l and t h e i r l o n g axes 

t h e r e f o r e r i s e p e r p e n d i c u l a r l y from the s u r f a c e s t o v/hich they 

are attac^^ed. C l e a r l y , a l o n g , narrow egg i s i d e a l l y s u i t e d t o 

b e i n g l a i d i n c r e v i c e s on s t o n e s , w h i l s t the b i l a t e r a l sym'-.i.etry 

o f the egg of C.germari means t h a t when i t has ^ e n l a i d v / i t h i n a 

c r e v i c e , o r on a plane s u r f a c e , i t s apes' does not stand as f a r 

c l e a r o f the s u r f a c e o f the stone as vjould be the case w i t h a 

l o n g , narrow, r a d i a l l y s y m m e t r i c a l egg. The importance of t h i s 

l a t t e r p o i n t i s t h a t the s m a l l e r the d i s t a n c e t h a t the egg 

p r o t r u d e s beyond the s u r f a c e o f the stone t o which i t i s a t t a c h e d , 

the less, danger t h e r e i s of the egg b e i n g damaged by movern.ent o f 

t h e stones or by t h e s c o u r i n g a c t i o n of wave-driven p a r t i c l e s of 

sand, peat or v e g e t a t i o n . 

Pophara (19^1, 19^3 a, 19^3 b) showed t h a t C o r i x i d a e tend t o 
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mat(fh the c o l o u r shade o f the background on v/hich they were 

r e a r e d and t h a t the a d u l t s s e l e c t a background which matches 

t h e i r own c o l o u r shade. He f u r t h e r showed t h a t , under l a b o r a t o r y 

c o n d i t i o n s , specimens - a t c h i n g t h e i r . b a c k g r o u n d were l e s s s u b j e c t 

t o p r e d a t i o n by f i s h (Popham 19^8) and t o i n f e s t a t i o n by 

e c t o p a r a s i t i c m i t e s (Popham 19̂ +3) than specimens not matching t h e i r 

backgrouhd. I t i s t h e r e f o r e o f i n t e r e s t t o note t h a t C.germari 

which l i v e s on r e l a t i v e l y p a l e , sandy bottoms i s g e n e r a l l y p a l e r 

i n c o l o u r than t h e c l o s e l y r e l a t e d C . c a r i n a t a which occurs i n 

water bodies w i t h peat-covered bottoms. 

The most s t r i k i n g f e a t u r e of the a d u l t s of C.germari 

i s t h e i r a b i l i t y t o l i v e at g r e a t e r depths than most/ither B r i t i s h 

s p e c i e s . T h i s f a c t has two consequences. F i r s t l y , i t has already 

been observed t h a t t M s species i s a b l e t o l i v e on exposed: shores 

i n w a t e r bodies s u b j e c t t o severe wave a c t i o n . The g r e a t e r the 

depth a t which an organism i s able t o l i v e , the smaller are the 

chances of i t being a d v e r s e l y a f f e c t e d by such wave a c t i o n . T h i s 

point i s i l l u s t r a t e d by the f a c t that the Barbrook r e s e r v o i r traps 

a t 0*3 m. depth s u f f e r e d severe damage from wave action, but those 

a t g r e a t e r depths were daimaged r e l a t i v e l y l i t t l e . Secondly,the 

w a t e r bodies u s u a l l y i n h a b i t e d by t h i s species have a l l or p a r t of 

t h e i r margins i n t h e form o f s t e e p l y s l o p i n g banks. I n such a 

p l a c e , a species a b l e t o l i v e o n l y i n r e l a t i v e l y s h a l l o w water would 

o n l y be able t o l i v e i n a r e l a t i v e l y narrow s t r i p round the margin of 

the water body w h i l s t a species such as C.germari t h a t i s able t o 
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l i v e a t g r e a t e r depths v;ould be a b l e t o e x p l o i t a c o r r e s p o n d i n g l y 

broader s t r i p and would t h e r e f o r e be able t o a t t a i n g r e a t e r 

numbers i n the water body as a whole than would a species c o n f i n e d 

to the shallov/s. 

I n o r d e r t o l i v e a t g r e a t e r depths than most ot h e r 

s p e c i e s , C.germari must be, i n sor.e v;ay, more e f f i c i e n t than those 

o t h e r s p e c i e s . Everv time t h a t a c o r i x i d v i s i t s the water s u r f a c e t o 

renew i t s bubble g i l l i t nnst expend t i " i e and energy i n malting the 

j o y r n e y and the g r e a t e r the v;a"ter depth the g r e a t a r w i l l be the 

q u a n t i t i e s of time and energy r e q u i r e d . '''hus i t mig'-it be e:r-oected 

t h a t C.germari w i l l shoiv one or both o f t'-̂ .e f o l l o v ; i n g tj-pes o f 

a d a p t a t i - ^ n : - e i t h e r so:r.e s p e c i a l r e s p i r a t o r y a d a p t a t i o n t h a t w i l l 

enable i t t o v i s i t the s u r f a c e l e s s o f t e n than the s h a l l o w water 

s p e c i e s , or e l s e t h e a b i l i t y t o swim more r a p i d l y and/&r more 

e f f i c i e n t l y t h a n most o f the s h a l l o w water species and so t o expend 

r e l a t i v e l y l e s " t i n e and/or energy i n making i t s l o n g journeys t o 

the s u r f a c e f^an i s expended by the s h a l l o w water species i n t h e i r 

s h o r t e r j o u r n e y s . 

The experiments on r'-.spiration and swimming suggest t h a t 

C. g e r m a r i i ^ b l e t o l i v e a t g r e a t e r depths and i n rougher v/ater than 

c e r t a i n o t h e r s p e c i e s v / i t h which i t has been compared, because i t 
u> 

s^ims more r a p i d l y and p o s s i b l y more e f f i c i e n t l y than those o t h e r 

s p e c i e s . The experiments a l s o show t h a t C.germari v i s i t s the 

s u r f a c e l e s s o f t e n than t h e s h a l l o w v/ater s p e c i e s , but the exact 

mechanism i n v o l v e d i s not c l e a r . Thus, r e s u l t s of p r e l i m i n a r y 
alt 

experiments agree w i t h i n f e r e n c e s from s t u d y o f the habitus o f C._germari. 
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SECTION D. 

GENEPA-L DISCUSSION, SgMFiAP.Y AND REFEHEL^CES. 



XIX. GENEPJVI. DISCUSSION. 

A c o n s i d e r a b l e amount o f work has a l r e a d y been done on 

the B r i t i s h C o r i x i d a e . I t i s t h e r e f o r e necessary t o j u s t i f y y e t 

ano t h e r c o n t r i b u t i o n on t h i s s u b j e c t and the aims of t h i s 

d i s c u s s i o n are t o show the r e l e v a n c e o f the prese n t work t o our 

knowledge o f the C o r i x i d a e as a group and as a component of the 

fauna o f upland water b o d i e s , t o show how such knov/ledge might 

p o s s i b l y be g i v e n p r a c t i c a l a p p l i c a t i o n and t o c o n s i d e r c e r t a i n 

developments of te c h n i q u e t h a t would f a c i l i t a t e our expansion o f 

t h i s knov/ledge. 

I n the p r e s e n t work an attempt was made t o de s c r i b e the 

l i f e h i s t o r y o f C.germari i n q u a n t i t a t i v e terms and t o study c e r t a i n 

a s pects o f the b i o l o g y and d i s t r i b u t i o n o f t h i s s pecies. The 

s t u d i e s o f the b i o l & g y and d i s t r i b u t i o n have not r a i s e d any 

s t a r t l i n g neiv f a c t s b u t have, i n many cases, p r o v i d e d q u a n t i t a t i v e 

evidence i n s u p p o r t of the statements of p r e v i o u s workers on 

C.germari and t h e C o r i x i d a e i n g e n e r a l . This i s i m p o r t a n t because 

some o f the statements p r e v i o u s l y made ap'^ear t o have been based 

on s u t > j e c t i v e evidence and t o have been r a t h e r s p e c u l a t i v e . 

\ The s t u d i e s on abundance and m o r t a l i t y have p r o v i d e d a 

p i c t u r e o f the abundance f l u c t u a t i o n s shown by the species t h r o u g h 

out i t s l i f e h i s t o r y and have enabled some o f the major causes of 

m o r t a l i t y t o be l i s t e d , b u t two seasons' s t u d y are q u i t e inadequate 

f o r the e l u c i d a t i o n o f the mechanism c o n t r o l l i n g the abundance o f 

such an organism. T h e r e f o r e t h i s work cannot be regarded as a 



s t u d y i n " p o p u l a t i o n dynamics" i f t h a t term be taken t o i m p l y 

s t u d y o f the u n d e r l y i n g causes g o v e r n i n g the numbers a t t a i n e d 

by a g i v e n species i n a p a r t i c u l a r h a b i t a t . The work must 

t h e r e f o r e be regarded as a q u a n t i t a t i v e l i f e h i s t o r y s t u d y o f 

C.germari which c o u l d serve as a b a s i s f o r f u t u r e work on the 

p o p u l a t i o n dynamics o f the species or f o r the use of the 

organism as a t o o l f o r sttudy o f the p r i n c i p l e s o f p o p u l a t i o n 

r e g u l a t i o n . Such development o f the work, however, would r e q u i r e 

more i n f o r m a t i o n about the e c o l o g i c a l r e l a t i o n s h i p s betvjeen 

C.germari and the o t h e r animal species a s s o c i a t e d v;ith i t . 

Upland r e s e r v o i r s , such as Barbrook, p r o v i d e a unique o p p o r t u n i t y 

f o r work o f t h i s t y p e because they c o n t a i n r e l a t i v e l y fev/ species 

t h a t reac''^ a p p r e c i a b l e abundance and hence a study of these fev; 

s p e c i a s would p r o v i d e a r e l a t i v e l y comprehensive p i c t u r e of the 

i n t e r p l a y between the major components of the faunas of such 

water bodies. I n order t o do t h i s , mora i n f o r m a t i o n i s r e q u i r e d ' 

about sampling t e c h n i q u e s . 

The p r e s e n t discussi'^n v / i l l t h e r e f o r e be d i r e c t e d tov/ards 

two main ends :- 1. To examine tv/o p o s s i b l e p r a c t i c a l a p p l i c 

a t i o n s o f o-or knov;ledge cf the C o r i x i d a e and thus show the importance 

o f d e t a i l e d i n v e s t i g a t i o n s o f t'^e b i o l o g y and ecology o f i n d i v i d u a l 

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

o f t h e p o p u l a t i o n dynamics o f the C o r i x i d a e . 

2. To d i s c u s s sampling techniques f o r 

free-swimming f r e s h w a t e r organisms, t o assess the value o f those 

used i n t h e p r e s e n t work and t o c o n s i d e r t h e developments o f 
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t e c h n i q u e l i k e l y t o be r e q u i r e d i n f u t u r e work on the C o r i x i d a e . 

P r e v i o u s d e s c r i p t i v e work on the h a b i t a t s of C o r i x i d a e 

show* t h a t each sp e c i e s tends t o occur i n a r e s t r i c t e d range of 

h a b i t a t s . I n view o f t h i s , the widespread occurrence of C o r i x i d a e 

and t h e c l e a r - c u t taxonomy o f t h e B r i t i s h s p e c i e s , i t might be 

expected t h a t these animals would be u s e f u l as b i o l o g i c a l i n d i c a t o r s . 

Macan (1938) demonstrated t h a t C o r i x i d a e i n l a k e bays showed a 

s u c c e s s i o n c o r r e s p o n d i n g t o t h e degree t o which orgaiic m a t t e r had 

accumulated i n t h e v a r i o u s bays. Tj^e species s t u d i e d c o u l d t h e r e f o r e 

be r e g a r d e d as i n d i c a t o r s o f t h e amounts o f o r g a n i c m a t t e r i n l a k e 

bays. I n l a t e r work,(Macau)(1955) showed t h a t species analyses of 

samples from f a i r l y exposed l a k e shores c o u l d be c o r r e l a t e d w i t h the 

p r o d u c t i v i t i e s o f the l a k e s s t u d i e d . I t was, however, necessary t o 

c o n f i n e the c o l l e c t i n g t o exposed shores because, even i n an 

u n p r o d u c t i v e l a k e , species t y p i c a l o f p r o d u c t i v e waters may be found 

i n bays and v e g e t a t i o n stands whose p r o d u c t i v i t i e s are h i g h e r than 

t h a t o f the l a k e i n g e n e r a l . Macan's work has shown t h a t some 

spe c i e s of C o r i x i d a e can be u s e f u l i n d i c a t o r s , b u t our p r e s e n t 

knowledge o f the d i s t r i b u t i o n o f many species i s on a p u r e l y 

d e s c r i p t i v e and somewhat s u b j e c t i v e l e v e l so t h a t i t i s d i f f i c u l t 

t o assess the exact meaning o f the presence or absence of such 

s p e c i e s i n p a r t i c u l a r water b o d i e s . I n such cases, o n l y d e t a i l e d 

s t u d y o f the b i o l o g y of each species and o f the h a b i t a t s i t occupies 

w i l l show e x a c t l y what the presence o f t h a t p a r t i c u l a r species 

a c t u a l l y i n d i c a t e s . Thus, iin t h e s e r i e s of l a k e s s t u d i e d by Macan 

(1955) one or more of the species C . d o r s a l i s ( o r C . s t r i a t a ) , 
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C . s c o t t i , C. f a l l e n i and C.fossarum"occurred on t h e exposed shores 

o f the l a k e s . These f o u r s p e c i e s showed a succession correspond

i n g t o the degrees o f p r o d u c t i v i t y shov/n by the l a k e s , b u t Macan 

no t e d one ano'salous case - i n L.Neagh, the most e u t r o p h i c lal^e o f 

th e s e r i e s , C.germari was the o n l y c o r i x i d species found abundantly 

on t h e exposed shores. T h i s might l e a d t o the c o n c l u s i o n t h a t 

C.germari i s an i n d i c a t o r o f h i g h l y e u t r o p h i c c o n d i t i o n s . I t i s 

knbwn, however, (Macan 195^a, 1954b) t h a t t h i s species a l s o occurs 

i n base-poor w a t e r s so t h a t t h i s e x p l a n a t i o n o f the r e s u l t s i s q u i t e 

i n a d e q u a t e . The pr e s e n t work and t h a t o f Walton (19^3) and 

Macan (1957) suggests t h a t C.germari i s a s s o c i a t e d w i t h s t e e p l y 

s l o p i n g shores, severe wave a c t i o n and sandy s u b s t r a t a w i t h stones. 

The i n f o r m a t i o n g i v e n by Macan and Lund (1954b) and Macan (1955 and 

p e r s o n a l comraunic.-^tion) sho\-js t h a t L.Neagh i s a l a r g e , r e l a t i v e l y 

s h a l l o i v l a k e w i t h v e r y g e n t l y s l o p i n g margins. Macan and Lund (1954b) 

c o l l e c t e d over sandy and st o n y bottoms. T.D.H. Catchpool ( p e r s o n a l 

communication) s t a t e s t h a t the l a k e i s i n an exposed p o s i t i o n and 

s u f f e r s v e r y severe wave a c t i o n . I t i s t h e r e f o r e probable t h a t the 

presence o f C.gerraari i n Lake Neagh i s an i n d i c a t i o n o f so^e, or 

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

T h i s exemp.lifies t h e need f o r g r e a t e r knovjledge of the i n d i v i d u a l 

s p e c i e s o f C e r i x i d a e b e f o r e many o f the species can be used as 

b i o l o g i c a l i n d i c a t o r s . 

The p r e s e n t \\'ork shovjs t h a t C o r i x i d a e are able t o reach 

f a i r l y h i g h p o p u l a t i o n d e n s i t i e s i n c e r t a i n upland water bodies and 

i t has been shown by Macan and Fpost (1948) t h a t t r o u t t e n d t o 
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a v o i d them as f o o d . Thus C o r i x i d a e may be regarded as b e i n g 

o f l e s s v a l u e as p o t e n t i a l f i s h food than c e r t a i n other organisms 

r e s e n t i n upland water ' odies. T h e r e f o r e , i f the abundance of the 

C o r i x i d a e ( i n such v/aters? c o u l d be reduced t h i s might l e a d t o 

g r e a t e r p r o d u c t i o n o f i n s e c t s more u s e f u l as t r o u t food and hence 

t o g r e a t e r p r o d u c t i o n o f t r o u t . To assess t h i s and s i m i l a r p o s s i b 

i l i t i e s , d e t a i l e d q u a n t i t a t i v e i n f o r m a t i o n i s r e q u i r e d abmnit the 

abundance o f C o r i x i d a e and o t h e r organisms i n the water bodies 

concerned and about the f a c t o r s c o n t r o l l i n g the abundance of those 

organisms. 

Any a t t e m p t t o make q u a n t i t a t i v e i n v e s t i g a t i o n s r a i s e s the 

problem o f f i n d i n g a sampling t e c h n i q u e which w i l l enable the 

abundance o f the organism concerned t o be measured. This problem 

i s p a r t i c u l a r l y acute i n the case o f animals such as the C o r i x i d a e , 

which spend most of t h e i r time on the bottom b u t can swim f a i r l y 

r a p i d l y . Experience w i t h the t r a p s i n Barbrook r e s e r v o i r sug::ests 

t h a t a c t i v i t y samplers are of d o u b t f u l v a lue f o r measuring the 

abundance o f such organisms and t h e r e f o r e a grab or net must be 

used. The grab has two disadvantages compared w i t h a pond net-

F i r s t l y , i t cannot be used on hard s u b s t r a t a such as are found i n 

raanj'- u p l a n d r e s e r v o i r s . Secondly, r e l a t i v e l y f a s t - s w i m n i n g 

orgarisms such as C o r i x i d a e and water b e e t l e s w i l l tend t o escape 

from t h e area covered by a grab b e f o r e the grab c l o s e s and the r a t i o 

o f escapes t o c a p t u r e s v;il?. v a r y w i t h the swim^^ing speed o f the 

i n s e c t s whic^^ w i l l , i n t u r n , v a r y w i t h the temperature and thus 

cause seasonal v a r i a t i o n i n saxiipling e f f i c i e n c y . 
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T h i s l a t t e r e f f e c t w i l l a p ply t o a net as v / e l l b u t i s l i k e l y t o be 

l e s s importan.t i n t h a t case, f o r Macan (1949) has shovm t h a t a pond 

n e t i s a more e f f i c i e n t means o f sampling a c t i v e , free-sv/im-^dng 

i n s e c t s than a hand grab i s . I n the p r e s e n t v;ork, n e t s v;ere found 

t o g i v e a s a t i s f a c t o r y measure of the abtindance of C,germari b u t i n 

the course o f the v;ork i t became e v i d e n t t o the present w r i t e r t h a t 

our knowledge o f the mode of o p e r a t i o n o f the p l a n k t o n net and the 

common pond net was v e r y scanty. I t i s t h e r e f o r e suggested t h a t , 

i n o r d e r t o be sure t h a t the accuracy o f q u a n t i t a t i v e r e s u l t s 

o b t a i n e d by n e t sampling i s adequate to a l l o w the p o p u l a t i o n 

dynamics of a free-swimming organism to be s t u d i e d , our knowitedge o f 

t h e exact meaning of those r e s u l t s must be deepened. I n p a r t i c u l a r , 

i t i s i m p o r t a n t t o examine such problems as the r e l a t i o n s h i p between 

mesh s i z e and the s i z e of t h e animals caught; the r e l a t i o n s h i p 

between numbers caught, the swimming speed o f the animals and the 

n e t v e l o c i t y ; t h e r e l a t i o n s h i p between f i l t e r i n g e f f i c i e n c y , n e t 

shape, mesh s i z e and net v e l o c i t y ; and, i n the case o f i n s e c t s such 

app t h e C o r i x i d a e , the r e l a t i v e importance o f the f i l t e r i n g e f f i c i e n c y 

o f the n e t and t h e a b i l i t y o f the n e t t o s t i r up the water and 

r a i s e animals from the bottom t o a p o s i t i o n where they can be 

caught by a subsequent s t r o k e of the n e t . I t would then be p o s s i b l e 

t o o b t a i n some i d e a o f the accuracy o f n e t sampling and of the 

n e t t i n g t e c h n i q u e l i k e l y t o be most e f f i c i e n t i n any g i v e n s i t u a t i o n . 

I t s h o u l d be f a i r l y s t r a i g h t f o r w a r d t o d e v i s e ways of 

o b t a i n i n g i n f o r m a t i o n about the o p e r a t i o n of nets b u t , i n the case 

o f c e r t a i n o o r i x i d s p e c i e s , o t h e r sampling problems a r i s e . The 
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evidence suggests t h a t C.germari f l y ^ r e l a t i v e l y l i t t l e and t h a t 

i t i s j u s t i f i a b l e to ass^ime t h a t l o s s e s from the r e s e r v o i r by 

f l i g h t are n e g l i g i b l e . Wj_th many oth e r species t h i s assumption 

cannot be made and i n s t u d y i n g the p o p u l a t i o n dynamics of such 

s p e c i e s i t w i l l be necessary t o take i n t o account the i n t e r c h a n g e 

o f i n d i v i d u a l s betv/een water bodies. The mercury vapour l i g h t 

t r a p i s the most obvious method o f s t u d y i n g f l i g h t i n C o r i x i d a e 

(Thomas 1938, Leston and Gardner 1953i Leston 195̂ > Poisson, 

R i c h a r d and P i c h a r d 1957) b u t t h i s t e chnique has "iany in:r.dequacies. 

L i g h t t r a p s w i l l miss species t h a t f l y by day and may be s e l e c t i v e 

i n t h e i r a c t i o n by n i g h t . Thus the presence o f a species i n l i g h t 

t r a p c o l l e c t i o n s i s p r o o f t h a t t h a t species does f l y b u t the absence 

o r s ( ? a r c i t y o f o t h e r s p e c i e s i n such c o l l e c t i o n s does n o t give any 

i n d i c a t i o n o f the exter'.t t o which those species do or do not f l y . 

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

and, even i f some means c o u l d be devised t o f i n d out e x a c t l y v/hat 

s p e c i e s i n what p r o p o r t i o n s were i n the a i r a t any g i v e n t i m e , 

the d i f f i c u l t y o f r e l a t i n g these data q u a n t i t a t i v e l y t o f l u c t u a t i o n s 

i n abundance w i t h i n i n d i v i d u a l vfater bodies v/ould s t i l l remain. 

Before i t becomes p o s s i b l e t o study the p o p u l a t i o n dynamics of 

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

f u r t h e r a t t e n t i o n be p a i d t o problems r e l a t i n g t o the measurement 

o f f l i g h t a c t i v i t y i n C o r i x i d a e . 



XX. SUM^IARY. 

General. 

1. The g e n e r a l methods of approach used i n p r e v i o u s work 

on t h e b i o l o g y and ecology o f C o r i x i d a e are reviewed. The present 

work was c h i e f l y an a t t e m p t t o s t u d y the l i f e h i s t o r y o f C p r i x a 

g e r m a r i ( F i e b ) i n a s i n g l e water body between S p r i n g 1957 and 

S p r i n g 1959. 

2. Mpst o f the work was c a r r i e d out a t t h r e e base-poor South 

Pennine r e s e r v o i r s and one peat p o o l , a l l s i t u a t e d a t a l t i t u d e s o f 

about 1,000 f t . (500 m.). 

3. P a r t i c u l a r a t t e n t i o n was p a i d t o Barbrook r e s e r v o i r . This 

r e s e r v o i r occupies 12*9 ha., has st6ep s t o n y s i d e s and a bottom o f 

sand. I t c o n t a i n s l i t t l e v e g e t a t i o n and i s s u b j e c t t o severe v/ave 

a c t i o n . 

4. Twenty-one species o f C o r i x i d a e were found i n the r e s e r v o i r s 

bu t i n Barbrook r e s e r v o i r C.germari formed about 38% o f the m a t e r i a l 

c o l l e c t e d . I n t h e o t h e r two r e s e r v o i r s C.germari showed l e s s 

marked predo"iinance. 

5. TV-e o t h e r animals i d e n t i f i e d fro;n each r e s e r v o i r have 

been l i s t e d . I n Barbrook r e s e r v o i r the main components o f the 

farina are P o t i f e r a , Copepoda, Cladocera, water b e e t l e s , Chirono-

midae and C.germari. 

6. I n Barbrook r e s e r v o i r C.germari i s i n f e c t e d by an 

end o p a r a s i t f f i , p r o b a b l y a g r e g a r i n e Protozoan. The presence of 

t h i s p a r a s i t e has no c l e a r l y marked e f f e c t on the h o s t . 
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Sampling methods. 

1. The abundance of the eggs o f C.germari was measured by 
d i r e c t c o u n t i n g i n the f i e l d . 

2. Net sampling was found t o be a s a t i s f a c t o r y method o f 

measuring the abundance o f the a d u l t s and nymphs. The f i r s t tvio 

nyraphal i n s t a r s were sampled w i t h a net t h a t had 2'̂  meshes per cm. , 

t h e o t h e r swimming stages v / i t h a n e t t h a t had 6 meshes per cm. 

Data from l a b o r a t o r y and f i e l d were used t o r e l a t e the catches i n 

the two n e t s . 

3. A c t i v i t y t r a p s were found u n s a t i s f a c t o r y as a r-ieans of 

measuring the abundance o f C o r i x i d a e i n Barbrook r e s e r v o i r . 

Food and p r e d a t o r s . 

1. C.germari has been observed t o feed.on chironomid l a r v a e , 

s m a l l l u m b r i c i d s and i t s own eggs. F i l a m e n t s of the a l g a , 

M i c r o s p o r a sp., have been found i n the f o r e - g u t s of specimens of 

C. germari.. 

2. Examination o f the f o r e - g u t c o n t e n t s of water b^eetles 

from Barbrook r e s e r v o i r shelved t h a t d u r i n g September the imagines of 

Agabus nebulosus and -"-AVtiipustalatECS feed c h i e f l y on chironomid 

l a r v a e and pupae, c o r i x i d nymphs and s m a l l D i p t e r a . L a b o r a t o r y 

o b s e r v a t i o n s showed t h a t the l a r v a e o f these b e e t l e s a t t a c k 

C o r i x i d a e and c h i r o n o m i d l a r v a e . 
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• L j f e h i s t o r y and d i s t r i b u t i o n w i t h i n t h e r e s e r v o i r . 

1 . C. ,e:ermari has f i v e nymphal i n s t a r s . 

2. I n Barbrook r e s e r v o i r C.germari has one g e n e r a t i o n per 

y e a r . 

3. Net sanipli ns shov/ed t h a t , i n Barbrook r e s e r v o i r , the a d u l t s 

o f C.fferraari were nore abundant on a bank o f r e l a t i v e l y s n a i l 

i r r e ^ i u l a r stones t h a n on banks o f l a r g e r more r e g u l a r stones or on 

g e n t l y s l o p i n g sandy shores. T h i s ciay be p a r t l y due t o the f a c t t h a t 

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

k. Data from n e t ejid t r a p sampling show t h a t the a d u l t s of 

C.germari were more abundant a t 1*0 in. depth than a t 0*5 m. depth 

and t h a t from 1*0 m. t o 2*67 m. the abundance f e l l o f f v e r y l i t t l e . 

5. The sex r a t i o s g i v e n by the n e t samples show v a r i o u s 

i n c o n s i s t e n c i e s b u t suggest t h a t the sex r a t i o i s f a i r l y c l o s e t o 

1:1 t h r o u g h o u t the autumn, w i n t e r and s p r i n g . The o l d g e n e r a t i o n 

males tended to o u t l i v e the o l d g e n e r a t i o n females i n 1958. 

R e p r o d u c t i o n . 

1 . A temperature o f a t l e a s t 8°C appears to be r e q u i r e d b e f o r e 

c o p u l a t i o n takes p l a c e . 

2. L a b o r a t o r y o b s e r v a t i o n s showed t h a t s t r i d u l a t i n g males 

e x c i t e o t h e r males and causG them t o s t r i d u l a t e t o o , S t r i d u l ^ t i o n 

does n o t appear t o have any ef ' f'ect on f e m a l e s . Over d i s t a n c e s o f 

a few c e n t i m e t r e s , males ap-^ear t o respond t o a v i s u a l s t i m u l u s and 
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a t t e m p t t o c o r u l a t e w i t h swimming females b u t not v/ith r e s t i n g ones. 

I t i s suggested t h a t s t r i d u l a t i o n i n C o r i x i d a e may be a means of 

s o c i a l s t i m u l a t i o n betv/een males. 

3» Eggs develop i \ r i t h i n t h e females throughout the oviposi&on 

p e r i o d . 

4. The egg o f C.germari has been d e s c r i b e d by Banks (1939)• 

5. L a b o r a t o r y experiments showed t h a t h a t c h i n g takes about 

15 days a t l6°C and t h a t between 10 and 30°C the r e l a t i o n s h i p 

between h a t c h i n g time and temperature i s r o u g h l y l i n e a r . Belov; 

8°C h a t c h i n g i s i n d e f i n i t e l y suspended. 

6. I n the l a b o r a t o r y , the h i g h e s t percentage hatch v;as giv e n 

between 10 and 20°C. 

7. I n the f i e l d C.germari showed a p r e f e r e n c e f o r stones as 

o v i p o s i t i o n s i t e s and most of the eggs are l a i d on the undersides 

or the stones or i n c r e v i c e s . D u r i n g the o v i p o s i t i o n p e r i o d the 

females shov/ed a tendency t o occupy more p o o r l y i l l u m i n a t e d 

p l a c e s than t h e males. 

F l i g h t . 

I . A t tempts a t f l i g h t by C.germari have b^en observed i n the 

f i e l d b u t v e r y few specimens v/ere observed t o succeed i n l e a v i n g 

t h e r e s e r v o i r . Experiments i n the l a b o r a t o r y shov;ed t h a t C. germari 

was l e s s w i l l i n g t o f l y than C . w o l l a s t o n i or C . s a h l b e r g i . 



Abundance and m o r t a l i t y . 

I . I n 1957 and 1958 the o v e r w i n t e r e d a d u l t s o f C.germari 

gave catches of about 10 per Standard Net Sweep. I n 1958 these 

o v e r v / i n t e r e d a d u l t s produced about 9l6 eggs of which 58fj (531) 

hatched. Of the nymphs produced 80 s u r v i v e d t o beconie a d u l t s i n 

the autumn and 20 of these a d u l t s s u r v i v e d t o breed i n 1959* 

Wave a c t i o n and p r e d a t i o n appeared t o be i m p o r t a n t causes o f 

a d u l t and nymph m o r t a l i t y . Of the eggs, 8%- viere a t t a c k e d by 

fungus, 6% were a t t a c k e d by the a d u l t s , 2k% appeared t o be undamaged 

b u t f a i l e d t o h a t c h and 3% showed damage but the cause o f tie 

dam.age c o u l d n o t be determined. 

2'. The v;et and dry w e i g h t s o f iihe v a r i o u s stages o f C.germari 

were determined and t h e r e l a t i v e abundance d a t a were c o n v e r t e d i n t o 

biomasses. 

2 
3. P r e l i m i n a r y e s t i m a t e s of the number o f eggs per m of 

s u b s t r a t u m d u r i n g 1958 have made i t p o s s i b l e t o con v e r t the r e l a t i v e 
2 

biomass cind abundance dat a i n t o approximate values per ra of 
s u b s t r a t u m . The c a t c h per Standard Net Sweep corresponds r o u g h l y 

2 
t o the number o f C o r i x i d a e per I / 3 8 m . 

D i s t r i b u t i o n and e c o l o g i c a l r e q u i r e m e n t s . 

1 . References i n the l i t e r a t u r e t o the e c o l o g i c a l d i s t r i b u t i o n 

o f C. g e r m a r i , C . c a r i n a t a and G l a e n c o r i s a propinqua have been reviev;ed 

and the p r e s e n t a u t h o r ' s r e c o r d s o f these t h r e e species have been 

c o n s i d e r e d i n the l i g h t o f t h i s r eview. These t h r e e species a l l 
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appear t o p r e f e r r e l a t i v e l y l a r g e deep water bodies i v i t h s t e e p l y 

s l o p i n g banks, some stone p r e s e n t and l i t t l e v e g e t a t i o n . C . g e r nari 

was found i n \\rater bodies v i i t h sandy bottoms, C. c a r i n a t a i n those 

whose botto-'-i.s were o v e r l a i d by peat and G.propinqua v;as found i n 

botVi types of water body. 

2. The a d a p t a t i o n s t o environment shown by C.germari have 

been c o n s i d e r e d . T^e shape of the eg.'̂  i s v ; e l l s u i t e d t o the type 

o f o v i p o s i t i o n s i t e used and the type o f o v i p o s i t i o n s i t e i s i d e a l 

f o r p l a c e s where severe v/ave a c t i o n occurs. The a b i l i t y of 

C.germari t o l i v e a t g r e a t e r depths than most c o r i x i d species 

p r o b a b l y enables i t t o s u r v i v e severe wave a c t i o n . P r e l i m i n a r y 

experiments suggest t h a t C.germari v i s i t s the \-;ater s u r f a c e l e s s 

o f t e n and sivims more r a p i d l y than the s h a l l o w water species 

T h i s p r o b a b l y accounts f o r i t s a b i l i t y t o l i v e a t depths o f 

I'O m. or more. 
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APPENDIX I , 

IDENTIFICATION 0F MATERIAL. 

As f a r g s ^ o s s i b l e , the m a t e r i a l c o l l e c t e d has been 

submitted to competent a u t h o r i t i e s for determination. A l i s t of 

the materiail so examined, together with the names of the a u t h o r i t i e s , 

i s given below :-

Species or Group. 

C o r i x i d a e . 

Coleoptera. 

Acarina. 

Annelida. 

S c i a r i d a e ( D i p t e r a ) . 

Chironomus anthracinus ( D i p t e r a ) . 

Crustacea. 

P l e c o p t e r a . 

T r i c h o p t e r a . 

Algae. 

Fungi. 

Juncus bSlbosus agg. 

Authority. 

Dr. T.T. Macan. 

Dr. J.Balfour-Browne. 

Dr. 0. Evans. 

Mr. S. Prudhoe. 

Mr. P. Freeman 

Dr. J.H. Mundie, 

Dr. W.j.B. Smyly. 

Dr. H.B.N. Hynes. 

Mr. J.P. Leader. 

Dr. G. Leedale. 

Dr. P. Watson. 

Mr. P.E. A l l e n . 

Dr. J . Theodorides k i n d l y agreed to examine the endoparasite of 

C.germari but was unable to do so because a l l the l i v i n g m a t e r i a l 

sen t to him d e t e r i o r a t e d i n t r a n s i t . 



APPENDIX I I . 

STATISTICAL METHODS USED. (Methods recommended by 

Mr. Wellington of the Mathematics 

Department, Durham C o l l e g e s ) . 

I . Normal B i s t r i b u t i o n . 

( i ) ^% confidence l i m i t s of the mean :-

Given a s e t of n samples whose values are , x^, x^, xn 

and whose mean i s x. 

Then x = Cx/n 

And the standard e r r o r of the mean =^ ~'T^/ 

Thus the mean and i t s 3% confidence l i m i t s are given by :-

when t' i s the value of t corresponding to a p r o b a b i l i t y of 0*05 

and n degrees of freedom. This value of t can be obtained from 

t a b l e s but, for most p r a c t i c a l purposes, i t can be assumed that 

where n ^ 30,t =̂  2*0. 

( i i ) To t e s t the s i g n i f i c a n c e of the diff e r e n c e 

between two means :-

Gigen two sample means x, and x̂ ^ , based on n, and n^ samples 

r e s p e c t i v e l y , 

then i f x, - x ^ / ^ ( ^ . - S : . ) * " iC*» - "̂ ^̂  

the d i f f e r e n c e i s s i g n i f i c a n t at the 3% confidence l e v e l . 

(Normed. d i s t r i b u t i o n methods have been used to c a l c u l a t e the 

v a l u e s given i n Tables 4,6,10,29,30,51,32,33,34,35,43,51,53,55, 
57,69 and 70). 





I I . Poisson D i s t r i b u t i o n . 

A s et of samples c o n s i s t i n g of small d i s c r e t e 

numbers approximates to a Poisson d i s t r i b u t i o n but the square 

r o o t s of the numbers w i l l approximate to a normal d i s t r i b u t i o n . 

Given a s e t of small d i s c r e t e numbers 

t, , t j , t j , t n . to f i n d the mean and 3% confidence l i m i t s 

of the mean the values t, , t^^, t^ , t„ . must ^e converted 

i n t o the values s, , s^ , s , s^^., such that s 

Hence f i n d s and i t s standard e r r o r by the normal d i s t r i b u t i o n 

method given above. NQW f i n d the valies of:- (s +: 2x standard 

e r r o r of s . i and :- (s - 2x standard 

e r r o r of s . ) 

- -
These are the 5% confidence l i m i t s of s and s = t . . 

( T h i s method has been used to c a l c u l a t e the values given i n 

Table 68). 

I l l C o r r e l a t i o n and r e g r e s s i o n . 

( i ) C o r r e l a t i o n c o e f f i c i e n t :-

To t e s t f o r c o r r e l a t i o n between two s e t s of values x and y the 

c o r r e l a t i o n c o e f f i c i e n t , r , i s c a l c u l a t e d . When n i s the number 

of X, y p a i r s considered and x, y are the means of x and y 

r e s p e c t i v e l y , then :-



NQW when r = 1 there i s a p e r f e c t p o s i t i v e c o r r e l a t i o n between 

X and y, and when r s -1 there i s a p e r f e c t negative c o r r e l a t i o n . 

To t e s t the s i g n i f i c a n c e of a given value of r i t i s necessary to 

c a l c u l a t e t . 

NQW the p r o b a b i l i t y of the c o r r e l a t i o n being s i g n i f i c a n t can be 

determined by reference to a table of values of t , the table 

being entered a t the n - 2 degrees of freedom l e v e l . 

( i i ) Regression l i n e s :-

I f two s e t s of measurements x euid y appear to be s i g n i f i c a n t l y 

c o r r e l a t e d i t i s p o s s i b l e to c a l c u l a t e approximate values of y 

corresponding to given v a l u e s of x by means of the re g r e s s i o n 

l i n e of y upon x. The formula of the b e s t - f i t t i n g s t r a i g h t l i n e 

i s :-

y - y b (x - x) where b = 1 yx / £x 

Thus the vedue >of y corresponding to a given value of x i s :-

y =: y -t̂  b (x - x ) , 

( C o r r e l a t i o n and r e g r e s s i o n methods have been used on p.25" ) . 

IV. Proportions and percentages. 

I f a sample of n items i s taken and a proportion p 

of those items i s ( f o r exajnple) p a r a s i t i s e d , then the standard 

e r r o r of that proportion i s given by :- y f ^ ' - f V t x 



Hence the 3% confidence l i m i t s of the proportion ~ Jv (1 - p)/n. 

I f i t i s r e q u i r e d to express the proportion as a percentage of n 

then the 3% confidence l i m i t s of the proportion must be m u l t i p l i e d 

by IGO to give the 3% confidence l i m i t s of the corresponding 

percentage. ( T h i s method has been, used to. c a l c u l a t e the values 

given i n Tables 7» H , '̂ 6, k^, 50 and 5*̂ ). 

V. Chi-squared methods. 

( i ) I f a given sample i s sepeurated in t o two or 

more c l a s s e s i t i s p o s s i b l e to t e s t whether or not the number of 

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

l y from a p a r t i c u l a r expected value. This t e s t i s made by 

c a l c u l a t i n g the value of Chi-squared where :-

Chi-squared = (Observed value - Expected value) 

Expected value. 

The p r o b a b i l i t y that the d i f f e r e n c e between the observed and 

expected values i s due to pure chance i s then obtained by 

r e f e r e n c e to a t a b l e of Chi-squared by entering the table at the 

one degree of freedom l e v e l . 

I f P<C0*05 the d i f f e r e n c e i s feken to be s i g n i f i c a n t . 

I n t h i s way a Chi-squared caja be c a l c u l a t e d for 

each c l a s s and these Chi-squareds can then be added to give the 

Chi-squared value of the whole sample. I n Table 37 a value o f 

Chi-squared has been c a l c u l a t e d for each sex on each sampling 

date and by adding these together a t o t a l Chi-squareA for each 

date can be found.,at\4 by adding t h * l i t t e r koj«tK«r a CKi-scjuaired 



value for the whole f a b l e can bd found. I n such a case there 

are N degrees of freedom where N = Number of sampling dates - 1. 

( i i ) 2 x 2 Contingency t a b l e s :-

Given two samples, each of which can be 

separated i n t o two c l a s s e s , i t i s p o s s i b l e to s e t out the r e s u l t s 

i n a contingency t a b l e as represented^below :-

C l a s s A. C l a s s B, T o t a l s . 

Sample 1. a b n^ 

Sample 2. c d n^ 

T o t a l s . n^ 

I t i s then p o s s i b l e to f i n d out whether the r a t i o a : b given by 

sample 1. d i f f e r s s i g n i f i c a n t l y from the r a t i o c : d given by 

sample 2. by using the formula :-

Chi-squared 

Such a t a b l e ha,s one degree of freedom. 

(Chi-squared methods have been used i n Tables 12, 37, 38, 39, 40, 

kh, k3, k7, kS, 63, 6k, 65 and 66). 



APPENDIX I I I . 

THE LENGTHS OF ADULT SPECIMENS OF C.GERMAPI FROM BARBROOK 

RESERVOIR. 

Hungerford (19^8) points out that specimens of 

C.germari examined by him were 7'k mm. long whereas Macan (1939i 

1956) and S t i G h e l (1935) quote ranges of 7*5 - 10*0 and 7*5 -

8*0 mm. r e s p e c t i v e l y f o r t h i s s p e c i e s . 

I n the present work i t became c l e a r that the 

a d u l t specimens of C.germari taken from Barbrook r e s e r v o i r were 

a l s o unusually small and samples of 50 specimens of each sex 

were c o l l e c t e d , k i l l e d and immediately measured by means of a 

low-power ( x7 ) microscope with a micrometer eyepiece. 

The r e s u l t s are shown i n Table A. I t can be seen that the 

length s of SLLI the females examined f e l l w i t h i n the ranges given 

by Macaji amd by S t i c h e l but that about 25% of the males measured 

l e s s than the minimum value quoted by those two workers. 

C l e a r l y , the lengths may vary according to the 

techniques employed by d i f f e r e n t workers, but i n t h i s case i t 

seems more l i k e l y that C.germari shows a r a t h e r abnormaJ. 

( f o r C o r i x i d a e ) amount of v s i r i a t i o n i n s i z e from one habi t a t or 

area to another and that Barbrook r e s e r v o i r i s a habitat which 

produces r e l a t i v e l y small specimens. 



Males. 

Females 

Length i n mm. Frequency 

7-2 - 7-3 2 
7.3 _ 3 
7-4 _ 7.5 7 

7-3 - 7'6 9 

7*6 - 7'7 12 

7*7 - 7-8 7 

7-8 - 7*9 7 

7*9 - 8-0 2 

8'0 - 8*1 1 

7-5 - 7'6 2 

7*6 - 7*7 3 

7-7 - 7t$ 9 

7.8 - 7*9 11 

7*9 - 8-0 7 
8'0 - 8*1 9 
8*1 - 8-2 7 

8-2 - 8*3 1 

8*3 - B'k 1 

TABLE A. D i s t r i b u t i o n of lengths i n samples of male and 

female specimens of C.germari from Barbrook 

r e s e r v o i r . 

tJtuTlOP 


