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1. 

SECTION I . 

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

Ecology has been defined by Odum (1962) as the "study 

of the s t r u c t u r e and f u n c t i o n o f ecosystems". He suggests t h a t 

a great deal o f a t t e n t i o n has been focused on the s t r u c t u r a l , 

d e s c r i p t i v e approach, whereas few studies o f the f u n c t i o n s o f 

ecosystems have been attempted. Odum (1962) f u r t h e r s t a t e s t h a t 

by s t r u c t u r e he means : (a) the composition o f the b i o l o g i c a l 

community, i n c l u d i n g species, numbers, biomass., l i f e h i s t o r y and 

d i s t r i b u t i o n i n space o f populations> (b) the q u a n t i t y and 

d i s t r i b u t i o n o f a b i o t i c m a t e r i a l s such as n u t r i e n t s and water, 

and (c) the range o f co n d i t i o n s o f existence, such as temperature 

and l i g h t . Function was defined as : (a) the r a t e o f b i o l o g i c a l 

energy flow through the ecosystem, i . e . rates o f production plus 

rates p f r e s p i r a t i o n , (b) the rates o f biogeochemical c y c l i n g , 

e.g. n u t r i e n t floWi and ( c ) b i o l o g i c a l or e c o l o g i c a l r e g u l a t i o n . 

The two approaches to the study o f ecosystems are both 

necessary. The s t r u c t u r a l approach serves to describe the 

existence o f organisms and m a t e r i a l s . Odum (1962) and Macfadyen 

(1964) have stressed t h a t , although biomass i n d i f f e r e n t ecosystems 

may be wi d e l y d i f f e r e n t , the energy flow produced may be very s i m i l a r . 

S t r i c t comparisons o f numbers alone are t h e r e f o r e o f l i m i t e d use when 

one wishes to f u l l y understand the working o f ecosystems. The 

f u n c t i o n a l approach, whereby r a t e s of energy flow per u n i t area o f 

h a b i t a t per u n i t time are measured f o r various organisms, w i l l enable 
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s t r i c t comparisons to be made both w i t h i n and between ecosystems. 

Only Watson (1966) has worked on t h i s f u n c t i o n a l approach to woodlice. 

He c a l c u l a t e d t h a t Oniscus a s e l l u s and Po r c e l l i o . scaber ingested 

l O . l l g dry weight per annum, a s s i m i l a t e d 3.025g and egested 7.081g 

dry weight. •-

From these f i g u r e s the i m p l i c i t importance o f woodlice i n 

many t e r r e s t r i a l h a b i t a t s can be judged. Bocock (1963) found t h a t 

Glomeris marginata consumed about 5% o f the t o t a l annual l i t t e r f a l l 

i n woodlands, and woodlice are f a r more abundant (Heeley 1941, 

Cole 1946, Brereton 1957, Sutton 1968). Macfadyen (1963) found t h a t 

earthworms dominate m u l l s o i l types but are p a r t i a l l y replaced by 

isopods i n some cases. 

Woodlice appear to have very few predators, and appear t o be 

g e n e r a l l y d i s t a s t e f u l . Gorvett (1956) showed t h i s d i s t a s t e f u l n e s s to 

r e s u l t from secretions o f the tegumental glands and suggested t h a t 

these glands, which do not occur i n aquatic is©pods, had evolved i n 

t e r r e s t r i a l spe'cies as a defence mechanism. Paris (1963) confirms 

t h a t Carabid b e e t l e s , Salamanders, and Lizards w i l l eat them. The 

present study showed t h a t the w o l f spider Trochosa t e r r i c o l a (Thor.) 

and the harvestman L a c i n i u s ephippiatus (Koch) d i d eat them, but 

Iguanas, hens, r a t s , and mice d i d n o t . 

Woodlice probably make t h e i r g r e a t e s t c o n t r i b u t i o n to energy 

fl o w i n the ecosystem, not as food f o r higher t r o p h i c l e v e l s , but by 

t h e i r p r o d u c t i o n o f a f e c a l s u b s t r a t e , i . e . by the mechanical breakdown 

o f l i t t e r , not so much by being preyed upon by other organisms. 
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Woodlice came onto land t o take over an a v a i l a b l e niche 

i n s p i t e o f the hazards o f d e s s i c a t i o n , and many studies have been 

made o f various aspects o f t h e i r b i o l o g y . I n s p i t e o f t h i s i n t e r e s t , 

very few studies have d e a l t w i t h the po p u l a t i o n ecology o f these 

common organisms. The only comprehensive studies are those by 

Paris & P i t e l k a (1962). Paris (1963) worked on A r m a d i l l i d i u m vulgare 

( L a t r i e l l e ) i n C a l i f o r n i a , Brereton (1956) combined l a b o r a t o r y and 

f i e l d studies to o b t a i n data on P o r c e l l i o scaber. Sutton (1968) 

compared the p o p u l a t i o n dynamics o f Trichoniscus p u s i l l u s and 

P h i l o s c i a muscorum. A l l these studies were made on grassland. 

The present study attempts to compare the ecology o f four 

species o f woodlice i n four d i f f e r e n t h a b i t a t s . This t o p i c was 

chosen because o f the importance o f these organisms i n promoting 

energy flow i n ecosystems and f o r the need o f more knowledge o f 

t h e i r ecology i n the f i e l d . A second f a c t o r i n choosing t h i s study 

i s the f a c t t h a t woodlice o f f e r some unique advantages f o r teaching. 

They are r e a d i l y accessible i n the f i e l d f o r sampling and c o l l e c t i n g , 

even i n urban areas, and they are o f a convenient s i z e f o r observation 

and experimental work. F i n a l l y , a body o f knowledge on other aspects 

o f the b i o l o g y o f t e r r e s t r i a l woodlice, e s p e c i a l l y t h e i r environmental 

physiology, forms a valuable background f o r f i e l d s t u d i e s . 

Because o f the very l i m i t e d time a v a i l a b l e f o r t h i s p r o j e c t 

no r e l i a b l e explanations can be given f o r p o p u l a t i o n s i z e and c o n t r o l . 

The work does, however, p o i n t the way to f u r t h e r research. 
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The study areas 

Samples were taken from four d i f f e r e n t h a l f - a c r e s i t e s . 

These fo u r were chosen f o r t h e i r c o n t r a s t i n g p o s i t i o n s , r e l i e f , 

f l o r a , and s o i l types. 

1. St. Margaret's Churchyard. P l a t e IV. Map reference 259421 

i s i n the centre o f Durham C i t y , a t an a l t i t u d e o f 200 f e e t on 

a S.E. 40 degree slope. The s i t e has a brown e a r t h s o i l p r o f i l e 

o v e r l y i n g g l a c i a l deposits although t h i s i s c o n t i n u a l l y being 

a l t e r e d by the de p o s i t i n g o f rubbish from neighbouring a l l o t m e n t s . 

There i s a t h i c k covering o f v e g e t a t i o n comprising : 

Domin (1960) scale o f 
abundance 

Melandrium dioicum (Wiegel) 

Aethusca cynapium L. 

Rumex acetosa L. . 

Fraxinus e x c e l s i o r L 

Sombucus n i g r a . 

Acer campestre L. . 

D a c t y l i s glomerata L 

Festuca ovina L. 

1 

1 

1 

3 

6 

7 

2 

2 

2. Great High Wood. Pl a t e I . Map reference 275404. This i s 

p a r t o f the U n i v e r s i t y wood on the o u t s k i r t s o f the c i t y a t an 

a l t i t u d e o f 200 f e e t on a E.N.E. 70 degree slope. I t has a brown 

podso l i c p r o f i l e . There was l i t t l e p r e - v ernal v e g e t a t i o n , but a 
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Pl a t e I I F i e l d S t a t i o n 
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f a i r l y t h i c k covering o f a few species i n e a r l y summer comprising : 

Domin scale o f abundance 

Anthoxanthum p u e l l i L 1 

Deschampsoa flexuosa L. ( T r i n . ) 1 

D i g i t a l i s purpurea L. 2 

Dry o p t e r i s d i l a t a t a (Hoffm.) A Gray ... 6 

Melandrium d i o i c i i m (Wiegel) 1 

Mnium ho mum 2 

Acer campestre L 5 

Fagus s y l v a t i c a L 2 

Aesculus hippocastanum L 2 

3. F i e l d S t a t i o n . P l a t e I I . Map reference 274403. This i s p a r t 

o f the U n i v e r s i t y f i e l d s t a t i o n being disused grassland which had 

been grazed by sheep up t o four years ago. I t i s on the opposite 

slope o f Houghall Wood a t an a l t i t u d e o f 150 f e e t on a w.s.w. slope 

o f 60 degrees. I t has a brown e a r t h s o i l p r o f i l e . The v e g e t a t i o n 

forms a t h i c k mat made up of the previous permanent: pasture,grasses 

and p l a n t s t h a t have invaded the area since i t was managed. The 

ground i s uneven w i t h many Cocksfoot tussocks i n t e r l a c e d w i t h runs 

o f the v o l e Microtus a g r e s t i s L 

A c h i l l e a m i l l e f o l i u m L. ... 

Aethusca cynapium L. ... 

B e l l i s perennis L 

D a c t y l i s glomerata L. ... 

Domin. scale o f abundance 

1 

1 

1 



P l a t e I I I Sherburn H i l l Quarry 

P l a t e IV St. Margaret's Churchyard 
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Fagus s y l v a t i c a L. 

Festuca ovina L. 

Cractaegus monogyna L 

Holcus lanatus L. 

Lolium perenne L. . 

Phleum pratense L. 

Flantago lanceolata L 

P o t e n t i l l a erecta L. (Rauschel) 

Rubus spp. L. 

Rumex acetosa L. 

U r t i c a d o i c i a L. 

4. Sherburn H i l l Quarry P l a t e I I I 

Domin. scale o f abundance 

2 

1 

3 

1 

3 

2 

2 

1 

3 

3 

2 

Map reference 334418. 

This i s a disused Magnesium limestone quarry 4 miles east o f Durham 

c i t y , a t an a l t i t u d e o f 450 f e e t , f a c i n g S.S.E. I t has a w e l l - d r a i n e d 

calcareous s o i l g i v i n g a Rendzina s o i l p r o f i l e , w i t h a very r i c h f l o r a 

and fauna. 

A c h i l l e a m i l l e f o l i u m L. 

Cardius crispus L. 

Chloroccum spp. 

Ctenidium moluscum . 

Crataegus monogyna L. 

Festuca ovina L. 

K p e l e r i a g r a c i l i s 

Domin. scale o f abundance 

1 

2 

1 

3 

1 

7 

5 



Domin. scale oil abundance 

Linum catharticum L. 1 

Lotus c o r n l c u l a t u s L. 5 

Plantago lanceolata L 2 

Plantago raaritima L. 3 

Pr u n e l l a v u l g a r i s L. 1 

Rubus f r u t i c o s a L. 3 

Thymus dr u c e i Ronn. 4 

U r t i c a d i o i c a L. 2 

V i c i a cracca L. ... 1 

The Species 

Trichoniscus p u s i l l u s (Brandt, 1833) 

This species e x i s t s i n two forms, one d i p l o i d and b i s e x u a l 

( T r i c h o n i s c u s p u s i l l u s p r o v i s o r i u s , Racovitza) and the other partheno-

genetic and t r i p l o i d ( Trichoniscus p u s i l l u s p u s i l l u s , Brandt.) w i t h 

very few males. Only the l a t t e r form was found which confirms 

Healey (1963) who d i d not f i n d T.p.provisorius n o r t h o f the r i v e r 

Humber, and Vandel (1934) who be l i e v e d t h a t t h i s sub-species only 

occurred as f a r n o r t h as Lancashire. This species measures up to 

4mm. I t i s f a s t moving, very s u s c e p t i b l e to .dsssication, and l i v e s 

deep i n l i t t e r and s o i l i n w i n t e r and during drought. I t i s abundant 

i n moist woodland l i t t e r and grassland. I t has small broods w i t h an 

average o f s i x which are large i n s i z e , being w e l l supplied w i t h y o l k . 

I t has a slow brood development (Healey 1941) and i s the e a r l i e s t species 
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i n the year t o breed. I t s breeding p e r i o d extends longer than 

any other o f the species s t u d i e d . 

P h i l o s c i a muscorum (Scopoli 1963) 

This species measures up t o 10mm and a f t e r Trichoniscus 

i s the next most s u s c e p t i b l e to d e s s i c a t i o n . I t i s most abundant 

i n disused grassland h a b i t a t s . P h i l o s c i a has a r a p i d brood 

development and close succession o f moults. The eggs are l a r g e , 

r i c h l y s upplied w i t h y o l k , but small i n number, w i t h an average 

o f t h i r t e e n . 

Oniscus a s e l l u s (Linne 17 61) 

This i s the l a r g e s t species s t u d i e d , measuring up to 

15mm and i s the most abundant. I t i s found i n moist s i t u a t i o n s , 

e s p e c i a l l y under logs and stones. The development o f the embryo i s 

uniform throughout the breeding season, and the average size brood 

i s t h i r t y . 

P o r c e l l i o scaber ( L a t r i e l l e 1804) Budde-Lund 1908. 

This species d>s equal to Oniscus i n s i z e , reaching 15mm 

i n l e n g t h . I t changes i t s h a b i t a t according to the season, being 

found under logs, stones, and a t the base o f trees i n w i n t e r , and 

beneath loose bark on l i v i n g t r ees i n summer.(Brereton 1957). The 

development o f the embryo i s uniform throughout the breeding season 

and the average size o f brood i s twenty-four. Other species found, 

a l l i n Sherburn H i l l Quarry, were : 



Haplophthalmus mengii (Zaddach) 1884. Only recorded i n two other 

s i t e s i n B r i t a i n ( S u t t o n , personal communication). 

P o r c e l l i o s p i n i c o r n i s (Say 1818). A species r e s t r i c t e d to calcareous 

s o i l s . 

Trichoniscus pygnaeus (Sars 1899). The smallest o f the B r i t i s h 

woodlice. 

The oniscomorph m i l l i p e d e Glomeris marginata ( V i l l i e r s ) i s also very 

common. 
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SECTION I I . 

The importance o f s o i l p r o p e r t i e s as pos s i b l e 
c o n t r o l l i n g f a c t o r s 

The most important s o i l p r o p e r t i e s are those which act 

u n i f o r m l y over a long p e r i o d and thus b r i n g about a d e f i n i t e e f f e c t 

which i n f l u e n c e s s e l e c t i v e l y the fauna. Much has been w r i t t e n 

r e c e n t l y on S o i l Biology (Kevan, 1955; Kuhnett, 1961; Macfadyen, 

1963), and a l l agree t h a t the c o n t r o l l i n g f a c t o r s are temperature, 

moisture content, a i r , and to a lesser e x t e n t , v e g e t a t i o n , Although 

b o t a n i s t s stress the importance o f the pH and mineral s t a t u s as 

c o n t r o l l i n g f a c t o r s , z o o l o g i s t s appear much less concerned. 

I n ecology the general interdependence o f the great complex 

o f f a c t o r s should not be neglected. This can be i l l u s t r a t e d : 

The r e l a t i o n between v e g e t a t i o n and s o i l seems t o be. studied according 

to a set procedure which l o g i c a l l y i s : 

(a) Q u a l i t a t i v e v e g e t a t i o n and s o i l surveys, t o e s t a b l i s h the basic 

trends o f ve g e t a t i o n development and s t a b i l i t y and the r e l a t e d 

general s o i l p r o p e r t i e s . 

(b) The study o f the a v a i l a b l e s o i l n u t r i e n t s and mineral c y c l i n g 

v i a a u t e c o l o g i c a l and d e t a i l e d synecological s t u d i e s . 

Climate > F l o r a 

* SOIL * 

Fauna «• 
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T h i s i s the work pioneered by T a n s l e y (1917) and Braun-Blanquet 

(1932) and i n t o t h i s scheme f a u n a l s t u d i e s should f i t . 

The p r e s e n t study, by d e t a i l e d s o i l a n a l y s i s , attempts 

to see i f the edaphic f a c t o r s a r e p a r t l y r e s p o n s i b l e f o r c o n t r o l l i n g 

p o p u l a t i o n s of woodlice and determining t h e i r c h o i c e of h a b i t a t . 

Methods 

Random samples were taken from the top 5cm of s o i l and 

l i t t e r i n a l l four s i t e s . These samples were a i r - d r i e d and t e s t e d 

by the f o l l o w i n g standard techniques : 

T o t a l N by K j e l d a h l d i g e s t i o n 

Organic C by d i g e s t i o n w i t h potassium dichromate and 

s u l p h u r i c a c i d 

P and K e x t r a c t e d by a mixture of 0.5 M a c e t i c a c i d 

and 0.5 M ammonium a c e t a t e 

Exchangeable Ca determined by l e a c h i n g w i t h n e u t r a l 

N ammonium a c e t a t e 

pH by e l e t r i c meter 

The amount of lime r e q u i r e d to make the land s u i t a b l e 

f o r a g r i c u l t u r a l crops was determined. 

Because woodlice were q u i t e r a r e i n the Great High Wood, 

a d e t a i l e d s o i l p r o f i l e was s t u d i e d i n order to e s t a b l i s h the i n f l u e n c e 

o f s o i l s t r u c t u r e and drainage on the t o p s o i l . Where the woodlice 

mainly l i v e a s o i l p r o f i l e p i t was dug one foot square, twenty in c h e s 

deep w i t h smooth c l e a n s i d e s . 
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D i s c u s s i o n 

The r e s u l t s f o r S t . Margaret's Churchyard a r e probably 

i n f l a t e d because o f c o a l and ashes i n the sample and t h i s would 

i n t e r f e r e w i t h the det e r m i n a t i o n s . 

The r e s u l t s from Great High Wood are the abnormal ones. 

The C : N r a t i o i s u n u s u a l l y high w h i l s t the other s i t e s a r e near 

to the normal of 12 : 1 (Dowdeswell, 1959). The importance o f 

N content probably l i e s i n the f a c t t h a t i t s e r v e s as a n u t r i e n t 

f o r the organisms t a k i n g p a r t i n the decomposition although too 

much could be t o x i c . There i s ample l i t t e r (carbon) from the 

deciduous t r e e s and the i n f l u e n c e of tannins i n the l i t t e r slows 

down composition (Bocock, 1963). The key f a c t o r , however, must 

be the ver y low pH of the s o i l . T h i s slows up m i c r o b i o l a c t i v i t y 

and decomposition and i s enhanced by the high P r e c i p i t a t i o n : 

E v a p o r a t i o n r a t i o on a c o l d , steep, n o r t h - f a c i n g s l o p e . 

Carbonic and other a c i d s i n the s o i l water can be 

n e u t r a l i s e d to some ex t e n t by the s e c r e t i o n s o f the c a l c i f e r o u s 

glands which a r e found i n the bodies o f s e v e r a l s p e c i e s o f woodlice, 

m i l l i p e d e , centipede and earthworm. But the r e must o b v i o u s l y be 

some source o f c a l c i u m i f adequate replenishment o f these glands i s 

to be e f f e c t e d . Great High Wood had the lowest s o i l c a l c i u m content 

of a l l four s i t e s . 

Calcium probably i n f l u e n c e s woodlice i n three ways : 
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(a ) by c o n t r o l l i n g pH 

(b) as an e s s e n t i a l item of d i e t s i n c e a l l s p e c i e s have the 

integument c a l c i f i e d to a g r e a t e r or l e s s e r degree (Heeley, 1941) 

( c ) by e f f e c t i n g p e r m e a b i l i t y of body t i s s u e as c a l c i u m ions have a 

s t r o n g i n f l u e n c e i n c o n t r o l l i n g the passage of s o l u t e s through 

l i v i n g membranes 

I n complete c o n t r a s t Sherburn H i l l Quarry s i t e has a v e r y 

h i g h pH and c a l c i u m content. The l a t t e r r e f l e c t s a balance between 

l e a c h i n g and weathering i n the s o i l . T h i s h a b i t a t has a v e r y 

abundant f l o r a and fauna. A quarry i s normally thought of as having 

a pioneer s u c c e s s i o n but where the fauna i s so abundant i t may a c t to 

h o l d back p l a n t s u c c e s s i o n . 1 

The F i e l d S t a t i o n was grazed by sheep up to 1955. The 

g r a s s l a n d has probably d e t e r i o r a t e d s i n c e as no manure i s being 

r e t u r n e d to the s o i l . The r e s u l t s show t h i s h a b i t a t to have a 

poor n u t r i e n t s t a t u s . 

I t i s i n t e r e s t i n g to note t h a t the h a b i t a t s w i t h most s p e c i e s 

and s p e c i e s abundance were the Quarry and the Churchyard. These s i t e s 

had f r e e drainage, adequate o r g a n i c matter, n e u t r a l to c a l c a r e o u s 

r e a c t i o n , high c a l c i u m content, and good a s p e c t . 

The s o i l p r o f i l e o f Great High Wood shows i t to be a brown 

p o d s o l i c s o i l . Podsols a r e a s s o c i a t e d w i t h : high a c i d i t y , high 

percentage of exchangeable hydrogen, w i t h low percentage exchangeable 

c a l c i u m and the s o i l being wet and c o l d . 
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From these r e s u l t s i t seems q u i t e l i k e l y that the s t r u c t u r e 

and n u t r i e n t s t a t u s of the s o i l s can p a r t l y c o n t r o l the abundance of 

woodlice and p o s s i b l y the i n v e r t e b r a t e s l i v i n g i n them. 
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SECTION I I I . 

Behaviour s t u d i e s 

( a ) The i n t e r a c t i o n of m i c r o - c l i m a t e and d i u r n a l rhythms 

The conquest o f land by arthropods i l l u s t r a t e s a number 

of fundamental p o i n t s o f behaviour i n the response o f the animals 

to s t i m u l i provided by the b i o c l i m a t o l o g i c a l c o n d i t i o n s o f t h e i r 

p h y s i c a l environment. The t e r r e s t r i a l arthropods can be d i v i d e d 

on an e c o l o g i c a l b a s i s i n t o two main groups. The f i r s t i n c l u d e s 

Isopods, Diplopods and Chilopods which i n dry a i r l o s e water 

r a p i d l y by t r a n s p i r a t i o n through t h e i r integuments, C l o u d s l e y -

Thompson (1 9 5 6 ) ; Edney ( 1 9 5 7 ) . Consequently they a r e r e s t r i c t e d 

by r e f l e x behaviour mechanisms to damp, dark h a b i t a t s which they 

l e a v e only a t n i g h t when the temperature f a l l s and the r e l a t i v e 

humidity o f the atmosphere i n c r e a s e s (Cloudsley-Thompson 1952) . 

The second group i n c l u d e s most i n s e c t s and a r a c h n i d s : 

these a r e comparatively independent o f moist surroundings because 

t h e i r integument p o s s e s s e s an impervious l a y e r o f wax which prevents 

d e s s i c a t i o n (Wigglesworth 1950). 

The f o l l o w i n g t r i a l s were c a r r i e d out i n an attempt to 

i n t e r p r e t the d i s t r i b u t i o n o f t e r r e s t r i a l isopods i n terms o f t h e i r 

p s y c h o l o g i c a l responses and b e h a v i o u r a l r e a c t i o n s . 
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M a t e r i a l s and Methods 

Handling. I t was r e a l i s e d t h a t h a n d l i n g c o u l d have 

c o n s i d e r a b l e e f f e c t s upon t h e i r behaviour. The mechanical 

p r e s s u r e , temperature, grease from sweat pores, could a l l be 

i n v o l v e d . The e f f e c t s of such h a n d l i n g could take s e v e r a l 

forms. 

( a ) complete suspension of a c t i v i t y (death f e i g n i n g ) 

(b) temporary i n c r e a s e i n a c t i v i t y (escape response) 

( c ) complex i n t e r a c t i o n w i t h the p h o t i c responses 

Because these f a c t o r s could confound r e s u l t s , animals were put 

i n t o t e s t environments w e l l before commencement of o b s e r v a t i o n s . 

T h i s would, i t was assumed, a l l o w time f o r any h a n d l i n g e f f e c t 

to d i s s i p a t e . 

S u r g i c a l d i s h e s 30x20x4cms were s e t up as shown i n 

F i g s . l and 2. One was covered w i t h a hardboard l i d which has 

a t h i c k l a y e r of cotton wool pasted on the underside i n three 

broad s t r i p s . The s t r i p a t one end only was w e l l moistened w i t h 

water. Twenty woodlice were p l a c e d i n a l i n e i n the c e n t r e of 

the d i s h and the l i d r e p l a c e d . A f t e r one hour, and a t subsequent 

h a l f - h o u r l y i n t e r v a l s , the numbers i n each h a l f o f the d i s h were 

noted. T h i s was repeated f i v e times and the r e s u l t s expressed as 

the percentage showing a p o s i t i v e response. A second v a r i a b l e , 

t h a t of l i g h t , was i n t r o d u c e d ( F i g . 2 ) . I n t h i s design, cotton 

wool was f i x e d to the w a l l s of the d i s h and the d i s h covered w i t h 

a g l a s s p l a t e . The c o t t o n wool on the w a l l s a t one end was w e l l 



( a ) 

X 
Dry Wet 
cotton cotton 
wool wool 

woodlice 

Wet Untreated Dry cotton 
cotton c o t t o n wool and 
wool wool c a l c i u m c h l o r i d e 

G l a s s l i 
Woodlice 

(b) 

F i g s . 1 and 2. Method for i n v e s t i g a t i n g the d i s t r i b u t i o n 
o f woodlice i n humidity g r a d i e n t s 
( a ) i n darkness 
(b) i n l i g h t 
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moistened and the experiment repeated as be f o r e . 

These t r i a l s were c a r r i e d out i n t e s t runs w i t h a l l 

four s p e c i e s and f i n a l l y w i t h Oniscus a s e l l u s and P h i l o s c i a 

muscorum i n l a b o r a t o r y c o n d i t i o n s w i t h a temperature a t 2 0 ° C . 

R e s u l t s T a b l e I I 

( a ) Oniscus a s e l l u s 

Nos. showing Nos. showing 
Environmental % p o s i t i v e n e g a t i v e 

c o n d i t i o n s R.H. response response T o t a l 

Dark/Damp 9 2 7 9 2 1 1 0 0 

Dark/dry 4 4 4 9 6 1 0 0 

Light/damp 7 4 9 8 2 1 0 0 

L i g h t / d r y 6 6 0 1 0 0 1 0 0 

(b) P h i l o s c i a muscorum 

Dark/damp 9 2 9 1 9 1 0 0 

Dark/dry 4 4 4 4 5 6 1 0 0 

Light/damp 7 4 7 4 2 6 1 0 0 

L i g h t / d r y 6 6 6 6 3 4 1 0 0 

D i s c u s s i o n 

These simple choice chamber t r i a l s show t h a t the i n t e n s i t y 

o f the humidity response o f woodlice i s l e s s i n darkness than i n l i g h t . 

The order i n t o which the s e l e c t e d s p e c i e s f a l l i n r e s p e c t o f 

humidity requirements i n nature c o i n c i d e s w i t h t h a t found independently 

by experiments i n d i s h e s i n the l a b o r a t o r y . 

P h i l o s c i a 9 l 7 o , showed a st r o n g e r response than O n i s c u s , 

7 9 % ( X * = 5 . 6 . P = < 0 . 0 2 5 ) . Edney ( 1 9 5 4 ) c o r r e l a t e d s p e c i e s 

abundance w i t h r e l a t i v e humidity and suggested the f o l l o w i n g 

optimum h u m i d i t i e s : 



19. 

T r i c h o n i s c u s p u s i l l u s 8 4 7 0 . P h i l o s c i a muscorum 8 0 7 o. Oniscus a s e l l u s 

P o r c e l l i o scaber 71%. 

These experimental r e s u l t s can be r e l a t e d to the n o c t u r n a l 

a c t i v i t y o f the s p e c i e s . Woodlice were o f t e n to be seen wandering 

i n dry p l a c e s a t n i g h t , and during the day time were found r e g u l a r l y 

under logs, stones, and i n l i t t e r ; dark s i t u a t i o n s where environ

mental c o n d i t i o n s a r e r e l a t i v e l y c o n s t a n t . I f n i g h t f a l l i n v o l v e d 

o n l y a r e d u c t i o n of the f a c t o r s which normally operate to r e s t r i c t 

them to t h e i r day time h a b i t a t s , i t seems u n l i k e l y t h a t they would 

have any reason to leave them. The endogenous d i u r n a l rhythm or 

p h y s i o l o g i c a l " c l o c k " , however, w i l l encourage movement a t n i g h t f a l l 

when they a r e e s p e c i a l l y s e n s i t i v e and e a s i l y d i s t u r b e d . F i e l d 

o b s e r v a t i o n s by B r e r e t o n (1957) on P o r c e l l i o scaber have i n d i c a t e d 

a s h o r t e n i n g i n the a c t i v i t y p e r i o d as days lengthen to midsummer 

and a l s o l a c k of any c l e a r r e l a t i o n s h i p between a c t i v i t y and changes 

i n temperature and humidity. 

The decrease i n the i n t e n s i t y o f the humidity response a t 

n i g h t enables woodlice to walk i n dry p l a c e s where they a r e never 

found a c t i v e by day, and the i n c r e a s e d photo-negative response a f t e r 

they have been c o n d i t i o n e d to darkness ensures t h a t they get under 

cover a t daybreak and thus a v o i d p r e d a t i o n and d e s s i c a t i o n . 

The r e s u l t s show that P h i l o s c i a muscorum i s the most 

s t r o n g l y photo-negative, w i t h Oniscus a s s e l u s next, and the 

p r e l i m i n a r y t r i a l s showed th a t P o r c e l l i o scaber came l a s t . 
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The t r i a l s w i t h T r i c h o n i s c u s p u s i l l u s f a i l e d as the organisms 

d i e d w i t h i n a few minutes due to d e s s i c a t i o n . These r e s u l t s 

a r e i n agreement w i t h Edney ( 1 9 5 4 ) . 

(b) Aggregation i n Woodlice 

I t i s w e l l known that many s p e c i e s o f woodlice from l a r g e 

aggregations under the i n f l u e n c e o f environmental c o n d i t i o n s and a 

number o f b e h a v i o u r a l s t u d i e s have been concerned w i t h t h i s problem 

( A l l e e 1926, Gunn 1937, Walof 1941). A l l e e (1926) was the f i r s t 

to show e x p e r i m e n t a l l y t h a t t h i s behaviour r e s u l t s i n a r e d u c t i o n 

of water l o s s and so may have s u r v i v a l v a l u e . 

There appear to be two types o f aggregation between which 

the e a r l i e r l i t e r a t u r e does not d i s t i n g u i s h , namely "bunching" and 

"grouping". When they bunch, woodlice p i l e up on each other forming 

an aggregation f o r a c o n s i d e r a b l e time. I n the present study 

O n i s c u s a s e l l u s were known to have s t a y e d bunched f o r up to four hours. 

T h i s behaviour i s d e s c r i b e d by A l l e e (1926) who showed t h a t bunching 

produces a drop i n r e s p i r a t o r y r a t e . He a l s o showed that a low 

temperature induced bunching and a high one reduced i t , but th a t 

the r e l a t i v e humidity of a i r a f f e c t s i t even more markedly. 

Edney (1960) s t a t e s t h a t bunching r e s u l t s i n a r e d u c t i o n o f water 

l o s s and i n c r e a s e d s u r v i v a l i n dry a i r and t h a t the mechanism of 

the aggregation i s s t i l l u n c e r t a i n and may be a form of s o c i a l 

behaviour brought about by t h i g m o k i n e s i s . The a q u a t i c A s s e l l u s spp. 
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a r e poor swimmers and f l o o d waters a r e l i k e l y to c a r r y them down

stream. Under these c o n d i t i o n s the animals c l u s t e r together, 

hanging onto the substratum and to each other and so are b e t t e r 

a b l e to r e s i s t the c u r r e n t . A l l i n d i v i d u a l s behave a l i k e and 

t h i s r e s u l t s i n bunching formation without d i f f e r e n t i a t i o n of 

behaviour and without o r g a n i z a t i o n . However, t h i s formation 

i s a p r e l i m i n a r y to s o c i a l o r g a n i z a t i o n and these temporary groups 

may be the f i r s t step towards i t . 

I n grouping, animals come to l i e c l o s e together, 

sometimes w i t h their(fisopods touching or l a t e r a l p l a t e s o v e r l a p p i n g , 

low s h e l t e r such as logs and stones but a l s o i n v e s s e l s i n the 

l a b o r a t o r y . 

cannot p r e s e n t the same advantage s i n c e each k i n d of aggregation may 

occur under low as w e l l as high a i r humidity. I t seems t h a t 

aggregation i s not a d i r e c t humidity response. The r e s u l t s obtained 

by F r i e d l a n d e r (1965) suggest t h a t aggregations may be p a r t l y due to 

the a t t r a c t i o n of mechanical c o n t a c t w i t h each other and show th a t 

O niscus a s e l l u s can d i s t i n g u i s h between d i f f e r e n t s u r f a c e roughness. 

A l l e e r e c o r d s p a r t i a l s u c c e s s i n c o n t r o l l i n g the s i t e o f bunching 

by f i x i n g a r e c e n t l y k i l l e d woodlouse to the f l o o r o f a c o n t a i n e r 

although woodlice do not aggregate around dead bodies. Woodlice 

may w e l l be s e n s i t i v e to chemical s t i m u l i but there i s no evidence 

i n t h i s p a r t i c u l a r i n s t a n c e . Cloudsley-Thompson (1956) showed th a t 

but not n e c e s s a r i l y w i t h antennae i n c o n t a c t . T h i s happens under 

Bunching can reduce water l o s s but i t appears that grouping 
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Oniscus was s e n s i t i v e to chemical s t i m u l u s as they d i s c r i m i n a t e d 

i n favour of water as apposed to one per cent s u c r o s e s o l u t i o n 

u s i n g chemo-receptors i n the t e r m i n a l antennal segments. 

The p r e s e n t study i s an attempt to i n v e s t i g a t e the 

nature and mode of a c t i o n of s t i m u l i which induce aggregation. 

Method 

Specimens of Oniscus a s e l l u s were obtained from 

S t . Margaret's Churchyard on the day of the t e s t s , where they were 

f r e q u e n t l y seen to be aggregated. Specimens o f P h i l o s c i a muscorum 

were c o l l e c t e d from the F i e l d S t a t i o n where they had never been seen 

to aggregate. 

A l l the t e s t s were c a r r i e d out i n 150mm x 75mm c r y s t a l i s i n g 

d i s h e s f l o o r e d w i t h damp f i l t e r paper. T e s t s were made i n l a b o r a t o r y 

c o n d i t i o n s a t 21°C and i n an i l l u m i n a t e d c o l d room a t 10°C. Amputations 

were completed an hour before the t e s t . 

I . Assessment o f Aggregation Behaviour i n d i f f e r e n t c o n d i t i o n s 

The tendency of Oniscus a s e l l u s and P h i l o s c i a muscorum 

to aggregate was measured by p l a c i n g ten animals a t a time i n t o a 

c r y s t a l i s i n g d i s h . At 30 minute i n t e r v a l s over a p e r i o d o f 5 hours 

from 10am to 3pm the number of aggregated animals was recorded. 

Any assemblage of two or more animals i n p h y s i c a l contact was counted 

as an aggregation. A f t e r each r e c o r d i n g the aggregation^were g e n t l y 

d i s p e r s e d w i t h a f i n e damp brmsh. The f o l l o w i n g t r i a l s were completed 



23. 

( a ) C o n t r o l : R.H. 80%. Temperature 21°C. 

(b) R.H. 95%. Temp. 10°C. 

( c ) R.H.100%. Temp. 21°C. 

(d) Normal c o n t r o l c o n d i t i o n s w i t h antennae amputated. 

T h i s d i d not appear to a f f e c t the animals i n any way. 

(e) Chemical s t i m u l i of own k i n d . T h i s t e s t was designed 

to see i f the s p e c i e s were a t t r a c t e d to chemicals 

emanating from them. Two animals were ground up 

wi t h d i s t i l l e d water and the supernatant l i q u i d 

t e s t e d a g a i n s t d i s t i l l e d water by p l a c i n g the l i q u i d 

on one h a l f o f the f i l t e r paper only. There was a 

lcm gap l e f t between the two h a l v e s of f i l t e r paper. 

I I . E f f e c t of p h y s i c a l c o n t a c t s t i m u l i on aggregation. 

P i e c e s of p l a s t i c i n e given a rough s u r f a c e o f g r a v e l and 

measuring 2cm x lcm x lcm were prepared. Four o b s t a c l e s were p l a c e d 

around the s i d e s of a c r y s t a l i s i n g d i s h and one i n the c e n t r e . The 

t e s t was c a r r i e d out as f o r I above. 
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R e s u l t s 

T able I I I . Aggregation experiments 

( i ) P h i l o s c i a muscorum 

Conditions 

( a ) C o n t r o l . Normal animals a t 85% R.H. 21°C. 

(b) 1007<> R.H. 21°C. normal animals ... 

( c ) 95% R.H. 10°C. normal animals ... 

(d) Animals w i t h antennae amputated a t 85% R.H. 21 C. 

T o t a l woodlice aggregated 
out of 100 

7 

0 

10 

0 

21°C. 
( e ) Normal animals w i t h o b s t a c l e s i n d i s h . 85% R.H. 

( f ) Choice H2O/supernatant ... 

0 

0 

( i i ) O niscus a s e l l u s 

C o nditions 

T o t a l woodlice 
aggregated out 

of 100 

( a ) C o n t r o l . Normal animals a t 85% 

R.H. 21°C. 

(b) 100% R.H. 21°C. normal animals 

( c ) 95% R.H. 10°C. normal animals 

(d) Animals w i t h antennae amputated 
a t 85% R.H. 21°C. 

( e ) Normal animals w i t h o b s t a c l e s i n 
d i s h . 85% R.H. 21°C. 

( f ) Choice ^ O / s u p e r n a t a n t 

94 

88 

73 

71 

70 

67 

4.3 

14.0 

39.0 

39.02 

46.44 

0.05 

0.001 

0.001 

0.001 

0.001 
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D i s c u s s i o n 

I t appears from these r e s u l t s t h a t c o n s i d e r a b l e aggregation 

o c c u r s i n Oniscus a s e l l u s under a l l c o n d i t i o n s . I n P h i l o s c i a muscorum 

th e r e was no s i g n i f i c a n t aggregation a g r e e i n g w i t h f i e l d o b s e r v a t i o n s . 

As P h i l o s c i a i s nore s u s c e p t i b l e to d e s s i c a t i o n than Oniscus (Edney ISTU. 

i t would be to i t s advantage to aggregate. Aggregation has evolved 

f o r the advantage o f the group, y e t i n s p i t e o f i t s g r e a t e r need f o r 

a h i g h e r humidity, P h i l o s c i a appears to have l o s t the advantages 

which occur i n most isopods o f an e s s e n t i a l l y a q u a t i c group. T h i s 

mechanism, when c a r r i e d over to t e r r e s t r i a l h a b i t a t s , h e l p s i n a v o i d i n g 

the p e r i l o f e x c e s s i v e water l o s s . Low humidity i s an e c o l o g i c a l 

c o n d i t i o n under which aggregation, w i t h subsequent r e d u c t i o n o f water 

l o s s by evaporation, has a s u r v i v a l v a l u e . The aggregation i s not 

p r i m a r i l y a humidity r e a c t i o n as O n i s c u s , even i n 100 per cent 

s a t u r a t e d a i r , were 87 per cent aggregated, and a t 85 per cent 

s a t u r a t i o n caused only a 7 per cent r i s e . 

The f a c t t h a t a n t e n n a e - l e s s Oniscus ( r e s u l t d) aggregated 

l e s s than normal ones suggests t h a t the antennae c o n t a i n some o f the 

sense organs which a r e s e n s i t i v e to s t i m u l i a s s o c i a t e d w i t h aggregation. 

C l o u d s l e y Thompson (1956) showed t h a t s e n s i t i v i t y to humidity i s not 

c o n t r o l l e d from the antennae. I n f a c t no humidity r e c e p t o r s have 

been i d e n t i f i e d . T a c t i l e r e c e p t o r s account f o r r e s u l t ( e ) where 

Oniscus was induced to aggregate around o b s t a c l e s . The presence o f 

the o b s t a c l e s i n c r e a s e d the t o t a l number of aggregations because the 
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woodlice were no longer dependent on each o t h e r ' s bodies f o r 

rough s u r f a c e s to aggregate a g a i n s t . 

R e s u l t ( f ) , where both s p e c i e s had a c h o i c e between 

l i q u i d e x t r a c t of crushed animals or d i s t i l l e d water, g i v e 

c o n f l i c t i n g r e s u l t s . Qniscus appeared a g i t a t e d a t f i r s t and 

took some time to aggregate w i t h a consequent lower aggregation 

than any of the other t r i a l s . A f t e r the f i r s t t*o h a l f - h o u r l y 

counts i t d i d not move onto the supernatant s i d e a g a i n . I n 

P h i l o s c i a the animals seemed to p r e f e r the supernatant s i d e . 

T h i s i s most i n t e r e s t i n g and needs to be followed up i n f u t u r e 

work. 
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SECTION I V . 

Feeding t r i a l s 

Much has been w r i t t e n about the omnivorous h a b i t s o f isopods 

(Heeley 1941, B r e r e t o n 1956, Gere 1956, P a r i s 1963. However, only 

P a r i s , Heeley (1963) and Watson (1966) have attempted food p r e f e r e n c e 

experiments. P a r i s ' and Watson's work i s important because they 

conducted p r e l i m i n a r y experiments to e l i m i n a t e foods not eaten i n 

the f i e l d . From those foods most r e a d i l y eaten they were a b l e to 

l i s t a t a b l e o f p r e f e r e n c e by conducting l a b o r a t o r y experiments 

where the numbers feeding on each food were compared. Watson 

f u r t h e r conducted h i s r e s e a r c h under near n a t u r a l c o n d i t i o n s and 

out of 40 foods t r i e d found t h a t Oniscus a s e l l u s and P o r c e l l i o s c a b e r 

p r e f e r r e d U r t i c a sp. and Onopordum sp. Of the foods a v a i l a b l e a l l the 

y e a r round i n the h a b i t a t , Querus sp. and Acer sp. were most p r e f e r r e d . 
/ 

The advantage of Heeley's work i s t h a t the age a t which l e a v e s become 

p r e f e r r e d was e s t a b l i s h e d f o r T r i c h o n i s c u s . T h i s was found to be 

Ash and Sycamore l e a v e s which were decomposing and which were s i x 

months o l d . Macfadyen (1961) emphasised the need f o r more food 

p r e f e r e n c e s t u d i e s on s o i l i n v e r t e b r a t e s so t h a t ' b o t t l e - n e c k s ' i n 

the energy flow p i c t u r e might be r e c o g n i s e d . 

I n the p r e s e n t work a t attempt i s made to e s t a b l i s h which 

of the twelve most common foods found i n the four h a b i t a t s the four 

s p e c i e s p r e f e r r e d . 
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Temporary s l i d e s were made of f a e c a l p e l l e t s i n order to 

confirm what the animals were e a t i n g and how much they a l t e r e d the 

food consumed. 

Methods 

Leaves of Quercus p e t r e a , Acer pseudo-platanus, Fugus 
i 

s y l v a t i c u s and A e s c u l u s hippocatanum were c o l l e c t e d i n nylon bags 

and l a b e l l e d . These were p l a c e d i n l i t t e r and l i g h t l y covered 

over u n t i l they were r e q u i r e d f o r use the f o l l o w i n g A p r i l . I n A p r i l 

f r e s h green l e a v e s of these t r e e s and F r a x i n u s e x c e l s i o r were c o l l e c t e d , 

as was the c a l c i f u g e moss Mnium hordum, the g r a s s D a c t y l i s glomerata 

and the a l g a e Pleurococcus spp. and Chlorococcum spp. The l e a v e s were 

a i r - d r i e d f o r 24 hours i n a w e l l v e n t i l a t e d room. D i s c s 2cm i n 

diameter were cut w i t h a cork borer from each of the l e a v e s s e l e c t e d 

f o r the experiment and were then thoroughly wetted w i t h d i s t i l l e d water. 

P e t r i d i s h e s f l o o r e d w i t h moist f i l t e r paper were used f o r the 

experiments. Four d i f f e r e n t l e a f d i s c s were then p l a c e d i n each d i s h 

and these were repeated f o r a l l four s p e c i e s . A d u l t animals were 

c o l l e c t e d from the f i e l d the p r e v i o u s day and s t a r v e d f o r 20 hours. 

F i v e animals were p l a c e d i n each d i s h . Dunger (1958) c r i t i c i s e d 

t h i s method, p r e v i o u s l y used by D r i f t (1950) and Gere ( 1 9 5 5 ) , as 

s t a r v i n g could induce i n c r e a s e d feeding a c t i v i t y . However, as 

the feeding t r i a l l a s t e d f o r seven days, i t was thought t h a t the 

e r r o r would be s l i g h t . The t r i a l s were kept i n an i l l u m i n a t e d 

c o l d room a t 10°C, R.H. 95%, which was c o n s i d e r e d to be as near 

n a t u r a l c o n d i t i o n s as p o s s i b l e . During the t h i r d day of the t r i a l 



h o u r l y counts were made to e s t a b l i s h the number of animals on 

the l e a v e s . At the end of the week the number of f a e c a l p e l l e t s 

on the le a v e s was counted and the percentage of l e a f d i s c s eaten 

was e s t a b l i s h e d . T a b l e 4 summarises the r e s u l t s obtained. 
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From these r e s u l t s i t can be deduced t h a t d i f f e r e n t 

s p e c i e s o f woodlice have food p r e f e r e n c e s : w i t h a l l s p e c i e s 

e a t i n g new Moss and o l d Horse chestnut and Sycamore, whereas 

some foods d i d not appear to be touched. A second t r i a l was 

c a r r i e d out i n c r y s t a l i s i n g d i s h e s w i t h the sevenmost p r e f e r r e d 

foods i n them. The number of animals was doubled to 10 per d i s h . 

The t r i a l , o t h e r w i s e , was run as before. 

T a b l e V. Feeding T r i a l s 

cu 
u 

cu 4-) 4J 
P 

Q o C a a & cu u CU 4J 
cd cd <n co CO CO CO 

t i S O O > u <u •o H Q) & CO 
co cu <u O J3 I - I O X ! CU el r-l o 
<tj c C/> O w a Sfl O o B O d o o S 
b b b b b b b 

T r i c h o n i s c u s 6 2 4 2 4 7 7 
p u s i l l u s X X y y 

P h i l o s c i a 28 4 7 13 3 3 30 
muscorum y 95% X X X y 

O n i s c u s 8 8 12 2 31 36 
a s e l l u s y 80% y y 100% y y y y 

P o r c e l l i o 46 4 2 4 26 
s c a b e r 7 95% X X X y 

Micro photographs were taken of p a r t s of f a e c a l pe 

of woodlice ( P l a t e s 5, 6, 7, 8) and these show q u i t e c l e a r l y t h a t 

woodlice a l t e r the food t h a t has passed through the gut v e r y l i t t l e . 

The food has not been s u b j e c t e d to d i g e s t i v e p r o c e s s e s f o r long as 

p a r t o f the food i s s t i l l green i n the p e l l e t , and n u c l e i , which 

ar e e a s i l y broken down, are c l e a r l y v i s i b l e . I t appears t h a t 

woodlice feed on s o f t c e l l u l o s e m a t e r i a l as t r a c h e i d s and vegetable 
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f i b r e s a r e l e f t and not woody m a t e r i a l . From the feeding t r i a l s 

and these photographs, moss seems to be a f a v o u r i t e food. 

The f o l l o w i n g p l a n t remains are c l e a r l y v i s i b l e and 

the f o l l o w i n g p a r t s can be i d e n t i f i e d . 

P l a t e 5. L e a f of moss, l a t e r a l root, t r a c h e i d , v a s c u l a r t i s s u e 

P l a t e 6. L e a f of moss showing t h i n c e l l w a l l s w i t h n u c l e i v i s i b l e 

P l a t e 7. A l g a l spores and fungal lymphae'"" ^ 

P l a t e 8. Root t i p or bud s c a l e s . T r a c h e i d 

I n p l a t e s 5, 7, 8, humus and g r i t a r e d i s c e r n i b l e . 

More work needs to be done on t h i s s u b j e c t and i t should not be 

d i f f i c u l t to c o n s t r u c t a key f o r f a e c a l p e l l e t a n a l y s i s . Chemical 

t e s t s would show i f m a t e r i a l was l i g n i n , c u t i n , or c e l l u l o s e . 

Animals could be c o n f i n e d i n d i s h e s on one food type and t h e i r f a e c e s 

a n a l y s e d and t h i s would help to confirm a n a l y s i s of p e l l e t s from n a t u r e . 

D i s c u s s i o n 

I t i s f e l t t h a t l i t t l e s i g n i f i c a n c e can be given to the 

number of animals on l e a f d i s c s , or the number of f a e c a l p e l l e t s , 

a s the animals appear to use the l e a f d i s c s as r e s t i n g p l a c e s . 

The r e s u l t s given i n T a b l e IV were used to e l i m i n a t e the 

foods not eaten and the second t r i a l used to determine the order of 

p r e f e r e n c e , T a b l e V. The most popular foods f o r a l l four s p e c i e s 

were F r a x i n u s e x c e l s i o r , Mnium hordeum and Horse c h e s t n u t . There 

was some v a r i a t i o n i n order of p r e f e r e n c e . Oniscus a s e l l u s p r e f e r r e d 

Sycamore. The r e s u l t s are c o n t r a r y to Healey (1968) and Watson (1966) 

who found t h a t o l d l e a v e s were p r e f e r r e d although f r e s h green m a t e r i a l 



Micro-photograph of f a e c a l p e l l e t 
o f woodlice showing l e a f o f moss, 
l a t e r a l root, t r a c h e i d , v a s c u l a r t i s s u e . 

Micro-photograph of f a e c a l p e l l e t o f 
woodlice showing p l a n t c e l l w a l l s w i t h 
n u c l e i . 
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P l a t e V I I . Micro-photographs of f a e c a l p e l l e t 
of woodlice showing a l g a l spores 
and fungal lyaphae. 

P l a t e V I I I . Micro-photograph of f a e c a l p e l l e t 
o f woodlice showing root t i p or 
bud s c a l e s , t r a c h e i d . 
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was attempted. P a r i s & P i t e l k a (1962) suggested A r n a c K i l 1 i d i u m 
v u l g a r e may f u n c t i o n as a g r a z i n g animal as w e l l as a scavenger i n 
g r a s s l a n d . T h i s c o u l d c e r t a i n l y be the c a s e w i t h P h i l o s c i a muscorum 
which were f r e q u e n t l y found amongst g r a s s t u s s o c k s . 

P r e f e r e n c e could be r e l a t e d to the toughness of the l e a v e s . 

Oak and Beech have v e r y t h i c k c u t i c l e s whereas Ash and Horse c h e s t n u t , 

which were p r e f e r r e d , have r e l a t i v e l y t h i n c u t i c l e s and decompose 

more r a p i d l y . Healey (1963) suggests t h a t woodlice may have a sense 

o f t a s t e and t h i s c o u l d i n f l u e n c e a choice of food. 

There i s a need f o r more r e s e a r c h to see i f food i s a 

f a c t o r a f f e c t i n g p opulation numbers. There was no evidence i n t h i s 

study t h a t animals were s h o r t of food. They appear to u t i l i s e what 

i s a v a i l a b l e . I n Sherburn Quarry, f o r example, woodlice a t e the 

o n l y food a v a i l a b l e on the quarry w a l l , namely Chlorococcum sp. 

B r e r e t o n (1956) says t h a t P o r c e l l i o scaber p r e f e r s Pleurococcus sp. 

on t r e e s , but i n the t r i a l s P leurococcus was ignored and Mnium 

nordeum, which grows a t the base of t r e e s , was r e a d i l y e aten. 

The c o n c l u s i o n which must be drawn seems c l e a r : where a f a v o u r i t e 

food i s a v a i l a b l e isopods u t i l i s e i t as a p r i n c i p a l food source, 

but i n i t s absence they t u r n to other d i e t a r y items. The v e r y 

d i v e r s i t y of t h e i r d i e t i s probably p a r t of t h e i r s u c c e s s s t o r y . 



SECTION V 

Po p u l a t i o n s t u d i e s 

P r e v i o u s p o p u l a t i o n s t u d i e s have been made on s e v e r a l 

s p e c i e s o f woodlice. Hatchet (1947) s t u d i e d a pop u l a t i o n o f 

C y l i s t i c u s convexus and was concerned to f i n d the age-composition 

o f the pop u l a t i o n and to i n v e s t i g a t e breeding b i o l o g y . B r e r e t o n 

(1957) made a thorough study of s e v e r a l s p e c i e s but e s p e c i a l l y 

P o r c e l l i o scaber and i n c l u d e d day and n i g h t a c t i v i t y s t u d i e s . 

P a r i s (1962) and P a r i s & P i t e l k a (1963) worked on A r m a d i l l i d i u m 

v u l g a r e and a s s e s s e d the r o l e s of food, enemies and weather i n 

popu l a t i o n r e g u l a t i o n . T h e i r views a r e s i m i l a r to Andrewartha & 

B i r c h (1954) who s t a t e t h a t weather i s the primary p o p u l a t i o n 

r e g u l a t i n g f a c t o r , whereas B r e r e t o n favours competition as the 

main r e g u l a t i n g f a c t o r . V i e w s j e x p r e s s e d by Milne (1962) who 

considered t h a t i n t r a s p e c i f i c competition i s the only p e r f e c t l y 

r e g u l a t i n g process, coming i n t o a c t i o n a t high d e n s i t i e s when the 

u l t i m a t e c a p a c i t y o f an environment was exceeded. 

Healey (1963) working on T r i c h o n i s c u s p u s i l l u s succeeded i n 

determining both d e n s i t y and d i s t r i b u t i o n o f t h i s s p e c i e s w i t h 

most o f the a d d i t i o n a l m a t e r i a l needed f o r a l i f e - t a b l e . 

The d e s i r a b i l i t y of a d d i t i o n a l r e s e a r c h on the po p u l a t i o n 

ecology o f woodlice d e r i v e s , i n p a r t , from the abundance and hence 

the importance of these organisms i n many t e r r e s t r i a l h a b i t a t s . 
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The p r e s e n t study attempts to determine the abundance of 

four common s p e c i e s o f woodlice i n four d i f f e r e n t h a b i t a t s from 

w i n t e r through to e a r l y summer and to c a l c u l a t e the biomass, egg 

production and growth of the p o p u l a t i o n s . An a l l n i g h t o b s e r v a t i o n 

was made i n Sherburn Quarry i n an attempt to work out a c t i v i t y p a t t e r n s 

of woodlice on the quarry w a l l . 

Methods 

( a ) Sampling 

I n the Great High Wood and the F i e l d S t a t i o n sampling was 

based on a g r i d system and u s i n g random numbers drawn from a box. 

The f i e l d s t a t i o n had a metre square g r i d o f seventy 6" x 6" t i l e s 

l a i d out, and ten of these were sampled on each o c c a s i o n . The 

woodland was l a i d out i n metre squares by means of s t r i n g s . I n 

the quarry and churchyard there were abundant stones a v a i l a b l e , 

and ten of these were sampled randomly on each o c c a s i o n . As they 

were sampled, a spot of p a i n t was put on the stone to a v o i d r e 

sampling on another o c c a s i o n . The ten sample u n i t s taken on each 

date were cores of s o i l , l i t t e r and l i v i n g p l a n t m a t e r i a l taken 

w i t h a t h i n w a l l e d s t e e l c y l i n d e r o f 4" diameter and to a depth of 

4". Thus there were 123 cores to the square metre. The sampling 

i n t e r v a l was about 21 days during the season of growth and reproduction, 

w i t h longer i n t e r v a l s i n the c o l d e r months. Woodlice found on the 

underside of stones and logs were c o l l e c t e d by hand or by pooter. 
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(b) E x t r a c t i o n 

Samples were brought back to the l a b o r a t o r y i n canvas 

bags and s o r t e d by hand on a s p e c i a l l y c o n s t r u c t e d white topped 

t a b l e and under s t r o n g i l l u m i n a t i o n . The animals were k i l l e d 

and p r e s e r v e d i n 70% a l c o h o l (Edney 1954). During p r e l i m i n a r y 

surveys T u l g r e n funnels were used f o r e x t r a c t i o n but these crude 

e x t r a c t o r s were found to be l e s s e f f i c i e n t than hand s o r t i n g 

although the l a t t e r method i s tedious and time-consuming. 

N e i t h e r method i s v e r y a c c u r a t e but hand s o r t i n g was used 

c o n s i s t e n t l y f o r samples from a l l four s i t e s . 

( c ) Examination 

Numbers of eggs i n the brood pouches were counted 

u s i n g a microscope and d i s s e c t i n g n e e d l e s . Head width measurements 

of the animals e x t r a c t e d were taken by the use of a microscope w i t h a 

micrometer e y e p i e c e . They were p r e f e r r e d to body-length measurements 

because these can v a r y between wide l i m i t s depending upon the 

c o n t r a c t i o n o f the body a t death ( S u t t o n 1968) 1 micrometer u n i t 

= 0.5mm. 

(d) Biomass 

The t o t a l c a t c h of each s p e c i e s from each h a b i t a t was 

washed w i t h d i s t i l l e d water, having been k i l l e d i n a l c o h o l , allowed 

to dry f o r 2 minutes on f i l t e r paper, and then weighed on a balance 

a c c u r a t e to O.Olmg. 
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( e ) Climate 

On each sampling date the r e l a t i v e humidity and temperature 

were recorded f o r each h a b i t a t (Appendix T a b l e 5) and r e l e v a n t 

i n f o r m a t i o n from the U n i v e r s i t y Observatory monthly r e t u r n was 

e x t r a c t e d (Appendix T a b l e 6 ) . The p r e v a i l i n g c l i m a t i c c o n d i t i o n s 

a r e g r e a t l y a m e l i o r a t e d i n a woodland and the i n s u l a t i n g e f f e c t o f 

l i t t e r on the s o i l i s w e l l known ( D r i f t 1951). T h i s i s why micro

c l i m a t e s t u d i e s are more important than g e n e r a l c l i m a t i c c o n d i t i o n s . 

R e s u l t s 

( a ) P o p u l a t i o n s t u d i e s 

D e n s i t y - The numbers c o l l e c t e d , given as t o t a l e x t r a c t e d 

from 10 core samples, are given i n T a b l e s I - I V . E s t i m a t e s o f 
2 

d e n s i t y are a l s o given i n T a b l e s I - IV as numbers/m , to a i d comparison 

w i t h e s t i m a t e s f o r other i n v e r t e b r a t e s . Numbers f o r P h i l o s c i a a r e 

comparable w i t h those of Sutton (1968) and those f o r P o r c e l l i o 

to those of B r e r e t o n ( 1 9 5 7 ) , but the numbers f o r T r i c h o n i s c u s a r e 
2 

f a r below those of Sutton whose numbers rose to over 2000/m . Those__. 
co u l d p o s s i b l y be due to i n f e r i o r e x t r a c t i o n t e c h n i q u e s . P h i l o s c i a 

was the l e a s t common of the four s p e c i e s w i t h d e n s i t i e s ranging from 
2 - 2 

12m - 132m , although i n hand se a r c h e s i t was e a s i l y seen because 

o f i t s markings, r a p i d movements and l e s s r e t i r i n g h a b i t s . 

P o r c e l l i o had a l l disappeared from l i t t e r by the end of June and 

was l a t e r f r e q u e n t l y found under bark on t r e e s and under loose 
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stones on the quarry w a l l . This i s i n agreement w i t h Brereton (1957) 

who r a r e l y found P o r c e l l i o i n l i t t e r or moss i n summer. There are no 

comparative f i g u r e s f o r Oniscus. This large animal was very common 
2 

w i t h d e n s i t i e s up t o 756m . The d i f f e r e n c e i n biomass between 

Trichoniscus and P o r c e l l i o / P h i l o s c i a i s much less than i n p o p u l a t i o n 

d e n s i t y , because o f the much greater s i z e o f the l a t t e r . Comparison 

o f d e n s i t y and biomass f i g u r e s show t h a t the s i z e s t r u c t u r e o f the 

p o p u l a t i o n was changing since the two d i d not r i s e and f a l l t o g e ther. 

This i s p o s s i b l y due to the change i n growth o f populations and i s 

discussed i n the next s e c t i o n . 

Size s t r u c t u r e and biomass - The head w i d t h measurementSj 

shown as a percentage o f the t o t a l number sampled ( F i g s . 3 - 6) 

show an upward progression through the size.classes i n Trichoniscus 

and t h i s , i t i s assumed, must represent growth. The animals being 

small i n w i n t e r , g r a d u a l l y i n c r e a s i n g i n siz e i n May and June, w i t h 

young woodlice appearing i n J u l y . I t i s d i f f i c u l t t o e x p l a i n the 

changes i n the other species. Oniscus appears to decrease i n s i z e 

i n e a r l y summer and then increases l a t e r . This could be due t o 

m o r t a l i t y o f o l d e r a d u l t s and t h i s could also apply to P h i l o s c i a . 

I t would be an advantage i f l a b o r a t o r y and f i e l d r a i s e d woodlice 

could be marked, then measured and weighed monthly, i n order t o 

acquire more conclusive r e s u l t s . 

Climate - The c l i m a t e appears t o have a considerable 

e f f e c t on the animals, e s p e c i a l l y the small T r i c h o n i s c u s . The 
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s t a r t o f the year was unusually m i l d (Appendix Tables 5 & 6) but 

February and March were both c o l d and wet. I n March the temperature 

was 4°F. below normal and there were 27 ground f r o s t s . This seems 

to have d r i v e n Trichoniscus deeper i n t o the s o i l and l i t t e r because 

there was a drop i n the numbers found a t t h i s time ( F i g . l i ) ~ " w h i c h 

shows i t s e c o l o g i c a l f l e x i b i l i t y by v e r t i c a l m i g r a t i o n . 

The other outstanding f e a t u r e was the very dry warm 

p e r i o d i n J u l y when the r a i n f a l l was the lowest f o r f i v e years. 

This appears to have had a p a r t i c u l a r l y dramatic e f f e c t on Trichoniscus 

( F i g . I ) and Oniscus (see F i g . l v ) e s p e c i a l l y i n the quarry which i s 

normally w e l l drained and dry. 

The warmest and d r i e s t h a b i t a t was the f i e l d s t a t i o n 

(see Table 5 i n the Appendix) but i t i s d i f f i c u l t to f i n d any 

c o r r e l a t i o n w i t h populations o f woodlice t h e r e . 

Response to more profound seasonal changes i s shown by 

the f a c t t h a t i n w i n t e r a l l species were scarce and are only found 

i n c r e v i c e s , holes and deep i n the s o i l i n a s e m i - l e t h a r g i c s t a t e . 

Embryo pr o d u c t i o n - The breeding season, defined as 'the 

p e r i o d d u r i n g which females w i t h brood pouches occur 1 (Sutton 1968) 

i s shown as f a r as po s s i b l e i n F i g s . 3-6 where t o t a l embryo p r o d u c t i o n 

i s given. Trichoniscus breeds e a r l i e s t i n the year and occupies the 

l a r g e s t developmental p e r i o d w i t h i n the brood pouch w h i l s t those 

species breeding l a t e r , P o r c e l l i o and Oniscus, occupy a s h o r t e r 



F i g . I I I . 

Embryo pr o d u c t i o n , density (per /123 m ) and size d i s t r i b u t i o n 

o f Trichoniscus p u s i l l u s i n each sample f o r four h a b i t a t s . 

Size classes are given i n micrometer u n i t s . The number i n each 

s i z e class i s shown as a percentage o f the sample t o t a l (mm - 100%) 



in 
CD 

CS1 

CM 

I D 

i 

i 
i 
i 

o en op r*. u) in o s to in 
-Q -n sessDp azis 
UJ CL 



F i g . IV. 

Embryo pr o d u c t i o n , d e n s i t y (per /123 m ) and size d i s t r i b u t i o n 

o f Oniscus a s e l l u s i n each sample f o r two h a b i t a t s . Size classes 

are given i n micrometer u n i t s . The number i n each size class i s 

shown as a percentage o f the sample t o t a l (mm ~ 100%) 
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F i g . V I . 

Embryo pro d u c t i o n , density (per /123 m ) and s i z e d i s t r i b u t i o n 

o f P h i l o s c i a muscorum i n each sample f o r two h a b i t a t s . Size 

classes are given i n micrometer u n i t s . The number i n each s i z e 

class i s shown as a percentage o f the sample t o t a l (mm - 100%) 
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F i g . V. 

Embryo pro d u c t i o n , d e n s i t y (per /123 m ) and size d i s t r i b u t i o n 

o f P o r c e l l i o scaber i n each sample f o r two h a b i t a t s . Size classes 

are given i n micrometer u n i t s . The number i n each s i z e class i s 

shown as a percentage o f the sample t o t a l (mm - 100%) 
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developmental p e r i o d and hence the l a t t e r tend to "catch up" w i t h 

the e a r l i e r breeding species. P h i l o s c i a which normally breeds 

l a t e s t i n the year occupies the s h o r t e s t t o t a l breeding p e r i o d as 

they only produce one brood,in the year, which develops r a p i d l y , 

and so they complete t h e i r breeding season a t approximately the 

same time as the other species-which produce two broods per year 

(Heeley 1941). Trichoniscus has a small brood s i z e w i t h an 

average o f s i z compared w i t h the other species (Oniscus 30, 

P o r c e l l i o 14, P h i l o s c i a 13), but the eggs are l a r g e r i n s i z e and 

r i c h e r i n y o l k . This small brood s i z e i s counteracted by the f a c t 

t h a t i t i s the e a r l i e s t i n the year to breed and i t s breeding a c t i v i t y 

extends over a longer season than the o t h e r s , 

(b) Night a c t i v i t y study 

During f i e l d work i n Sherburn H i l l Quarry i t was observed 

t h a t there were a number o f woodlice under small rocks and i n crevices 

on the quarry w a l l . This p o p u l a t i o n was sampled and was found to be 

made up o f three species, namely : P o r c e l l i o scaber, P o r c e l l i o 

s p i n i c o r n i s and Oniscus a s e l l u s . P. s p i n i c o r n i s i s r e s t r i c t e d t o 

calcareous s o i l s and can, t h e r e f o r e , be s a i d to be a c a l c i c o l e 

( Sutton pers.comm.). Brereton (1956) found t h a t P o r c e l l i o scaber 

l e f t woodland l i t t e r , i t s w i n t e r h a b i t a t , and spent the summer i n 

tr e e s feeding on the algae, Pleurococcus spp. Night observations 

were undertaken on 10th June t o e s t a b l i s h the a c t i v i t y p a t t e r n and 

populations o f the species on the quarry w a l l . 
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Method 
2 2 

Two quadrats l/4m and %m were marked on the quarry w a l l 
w i t h " S t i c k t i g h t " a t a h e i g h t o f 4 f . and l O f . r e s p e c t i v e l y i n order 

2 
to r e s t r i c t the movements o f woodlice i n these areas. The %m 

2 

quadrat i n c l u d e d a large area o f b i r d droppings. A t h i r d l/4m 

quadrat was e s t a b l i s h e d around an area o f algae and a l l animals 

w i t h i n the quadrat removed i n order to e s t a b l i s h i f the algae 

grew more abundantly i n the absence o f woodlice. During the 

n i g h t observations the temperature and r e l a t i v e h u midity were 

recorded. Woodlice a c t i v i t y was recorded every 45 minutes throughout 

the n i g h t from 10 p.m. - 4 a.m. A t o r c h w i t h a ye l l o w f i l t e r was 

used f o r o b s e r v a t i o n a l work and t h i s d i d not appear t o a f f e c t the 

animals. 

At 11.30 p.m. 51 woodlice were marked w i t h a spot o f quick 

d r y i n g p a i n t i n order t o e s t a b l i s h the t o t a l p o p u l a t i o n using the 

L i n c o l n Index method ( B a i l e y 1951, Southwood 1966). The same time 

the f o l l o w i n g n i g h t animals were recaptured. 10 woodlice were marked 

w i t h a spot o f green p a i n t i n an attempt to e s t a b l i s h distance t r a v e l l e d 

and t o see i f woodlice r e t u r n e d to the same c r e v i c e . 

Results 

FigureVIIshows the r e l a t i v e h u m i d i t y , temperature, hours 

o f darkness and a c t i v i t y o f woodlice i n the quadrat. By 10.30p.m. 

i t was q u i t e dark and 13 woodlice were observed on the b i r d droppings 

i n the la r g e quadrat. They were motionless and appeared t o be 



F i g . V I I . 

Nocturnal a c t i v i t y o f woodlice i n two quadrats i n Sherburn H i l l 

quarry c o r r e l a t e d w i t h R.H. and temperature. 
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g r a z i n g . By 12.03 a.m. 108 animals were recorded and t h i s was the 

maximum number observed a c t i v e t h a t n i g h t . This i s c o n t r a r y to 

Brereton (1957) who recorded the peak o f a c t i v i t y f o r P o r c e l l i s scaber 

as 11 p.m. There was a r a p i d r i s e i n humidity up t o t h i s time. 

By 4.15 a.m. there were no woodlice to be seen and i t was r e a l l y 

l i g h t . 

Using the L i n c o l n Index method o f p o p u l a t i o n e s t i m a t i o n 

51 woodlice were marked on the f i r s t n i g h t , 78 were recaptured a t 

the same time the f o l l o w i n g n i g h t , o f which 14 were marked. The 

p o p u l a t i o n was estimated as being : 

14 

On the t h i r d successive n i g h t at 11.30 p.m. a l l the animals v i s i b l e 

were caught w i t h the f o l l o w i n g r e s u l t s : 

2 

Species Density %m 

Oniscus a s e l l u s 8 

P o r c e l l i o scaber 32 

P o r c e l l i o s p i n i c o r n i s 62 T o t a l 103 

Discussion 

From these r e s u l t s i t appears t h a t l i g h t " t r i g g e r s o f f " 

the behaviour response o f woodlice to become a c t i v e a t n i g h t and 

seek s h e l t e r at dawn, although a c t i v i t y probably increases w i t h 

the r i s e i n humidity. However, under c o n d i t i o n s o f s u i t a b l e R.H. 

woodlice are q u i t e a c t i v e i n l a b o r a t o r y c o n d i t i o n s . 
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I t i s i n t e r e s t i n g to note t h a t Oniscus a s e l l u s i s able to 

climb t o a h e i g h t o f l O f . and a l l the animals were young males. 

P o r c e l l i o scaber appears to move upwards i n summer i n a quarry as 

i t does i n a wood (Brereton 1957) as no animals were found on the 
2 

quarry f l o o r a f t e r 23rd May, and 32 were found i n %m on the w a l l 

on 10th June. P . s p i n i c o r n i s , which i s r e s t r i c t e d t o calcareous s o i l , 

was the most abundant on the w a l l but was never found on the f l o o r . 

The food the woodlice appeared t o be e a t i n g was b i r d droppings and 

the green algae Chlorococcum spp. The patch o f algae i n the t h i r d 

quadrat, from which woodlice were r e s t r i c t e d , d e t e r i o r a t e d during 

the summer months, p o s s i b l y because o f the warm dry c o n d i t i o n s . 

The numbers o f woodlice captured and the numbers estimated 

by the L i n c o l n Index method are considerably d i f f e r e n t . This p o i n t s 

t o the f a c t t h a t animals do not n e c e s s a r i l y remain out a l l n i g h t but 

have waves o f a c t i v i t y . I t would be i n t e r e s t i n g t o determine i f 

the d i f f e r e n t species have d i f f e r e n t times o f feeding. This could 

be done by c a p t u r i n g a l l the animals, marking each species w i t h 

d i f f e r e n t c o l o u r s , and subsequently r e l e a s i n g them. Another p o s s i b l e 

reason f o r t h i s discrepancy i n numbers i s t h a t the L i n c o l n Index 

method i s i n a c c u r a t e . 

With a l l capture - recapture methods the f o l l o w i n g assumptions 

are important : 
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( i ) the marks are not l o s t or do not become indecipherable 

( i i ) marking and disturbance o f the animals do not s e r i o u s l y 

a f f e c t t h e i r subsequent behaviour 

( i i i ) the n a t u r a l a v a i l a b i l i t y o f the sub-population from 

which the sample i s taken i s the same as t h a t o f the 

whole p o p u l a t i o n 

( i v ) there are no b i r t h s , deaths, emigrations or 

immigrations. 

By r e c a p t u r i n g 24 hours l a t e r , by using small spots o f 

p a i n t which were harmless t o the animals, and as the animals were 
2 

r e s t r i c t e d t o %m quadrat, these f a c t o r s were kept t o a minimum. 

The maximum distance any o f the green marked woodlice were observed 

to move was 45cms although the general impression gained was t h a t 

woodlice o u t s i d e the quadrats were very a c t i v e and t r a v e l l e d 

considerable distances. Of the 10 woodlice o r i g i n a l l y marked, 

6 returned t o the same c r e v i c e , suggesting t h a t woodlice may 

p o s s i b l y have some 'homing' i n s t i n c t . 

Although these r e s u l t s are both small and t e n t a t i v e , 

they are o r i g i n a l and most i n t e r e s t i n g . They p o i n t the way t o 

f u r t h e r research. 



General discussion 

There were two courses open to the ancestors o f the 

t e r r e s t r i a l arthropods : to evolve an impervious integument 

and a l l the p h y s i o l o g i c a l adjustments t h a t accompany i t ; o r , 

l i k e woodlice, t o remain i n moist surroundings by means o f 

behavioural responses, i n c l u d i n g n o c t u r n a l h a b i t s . There seems, 

however, to be a t h i r d f a c t o r . The l e a f l i t t e r and humus 

(Ao horizon) o f the s o i l where woodlice c h i e f l y occur are subjected 

both to drought and t o p e r i o d i c f l o o d i n g . Nocturnal a c t i v i t y 

could be an adjustment by which excess/is e l i m i n a t e d . This 

a b i l i t y t o gain and lose water probably outweights the advantage 

o f possessing an impervious c u t i c l e (Cloudsley-Thompson, 19 52 

Boer, 1961). Neverthless, woodlice are p o o r l y adapted to l i f e 

on land because o f t h e i r pronounced s u s c e p t i b i l i t y to d e s s i c a t i o n . 

I n general t e r r e s t r i a l isopods are scavengers o f dead organic 

m a t t e r . Considered i n the l i g h t o f t h e i r abundance these animals 

must play a s i g n i f i c a n t r o l e i n the t r o p h i c dynamics o f many land 

h a b i t a t s , by hastening decomposition o f dead v e g e t a t i o n . The 

in v a s i o n o f land by woodlice probably represented an occupation 

by them o f an e c o l o g i c a l niche less e f f i c i e n t l y used by previous 

occupants. 



The f o u r species s t u d i e d occupied d i f f e r e n t e c o l o g i c a l 

niches p o s s i b l y because o f t h e i r d i f f e r e n t requirements f o r 

h u m i d i t y , but a l s o , probably, f o r food. The d i f f e r e n c e s i n 

d i s t r i b u t i o n show some micro-geographical separation o f the 

species although there i s considerable overlap. P. scaber 

p r e f e r s to climb v e r t i c a l l y i n summer but overlaps considerably 

w i t h 0. a s e l l u s i n w i n t e r i n l i v i n g under logs and stones f o r 

s h e l t e r . This appears to c o n t r a d i c t Gause's hypothesis o f 

one species one niche (Odum 1959) but more research would 

probably show t h a t they are d i f f e r e n t p a r t i c u l a r l y i n t h e i r 

food requirements. P. muscorum showed a marked preference f o r 

l i t t e r , e s p e c i a l l y grassland l i t t e r . T . P u s i l l u s also p r e f e r r e d 

l i t t e r but i t appeared to be more o f t e n i n o l d e r , decomposed 

l i t t e r . I t i s , t h e r e f o r e , p o s s i b l e t o look a t a h a b i t a t and 

p r e d i c t what species o f woodlice are l i k e l y t o be found t h e r e . 

Much more work needs to be done on these abundant 

animals. Hypotheses have been put forward f o r the p o p u l a t i o n 

r e g u l a t i o n o f woodlice ( P a r i s 1963; Bereton 1956), but more 

work on the c l i m a t i c , edaphic and b i o t i c f a c t o r s o f c o n t r o l 

are necessary, as a l l appear to i n f l u e n c e the abundance o f 

woodlice. The present study suggests t h a t the s o i l pH and 

supply o f calcium must be important f a c t o r s . More research 

would help t o tease apart these i n f l u e n c i n g f a c t o r s , and i t i s 

r e g r e t t e d t h a t more time has not been a v a i l a b l e f o r such work. 



SUMMARY 

1. The r o l e o f s o i l , food and cl i m a t e i n the ecology o f four 

abundant species o f woodlice (Trichoniscus p u s i l l u s , 

Oniscus a s e l l u S j P o r c e l l i o scaber, P h i l o s c i a muscorum) 

i n f o u r h a b i t a t s , were s t u d i e d during the f i r s t seven 

months i n 1969. 

2. V a r i a t i o n s i n s o i l p r o p e r t i e s , e s p e c i a l l y pH and calcium s t a t u s , 

were c o r r e l a t e d w i t h d i f f e r e n c e s i n woodlice abundance. 

3. Oniscus a s e l l u s was found t o aggregate i n a v a r i e t y o f 

environmental c o n d i t i o n s , but P h i l o s c i a muscorum d i d n o t . 

This has s u r v i v a l value f o r 0. a s e l l u s but could be a p o s s i b l e 

handicap f o r P. muscorum as i t i s more su s c e p t i b l e t o d e s s i c a t i o n . 

4. The i n t e n s i t y o f the hum i d i t y response was less i n darkness than 

i n l i g h t and t h i s can be c o r r e l a t e d to the n o c t u r n a l ecology o f 

the species. 

5. Although c e r t a i n foods were p r e f e r r e d (Fraxinus e x c e l s i o r . 

Mnium hordeum, Aesculus hippocastanum) woodlice are able t o 

u t i l i s e many f o o d s t u f f s according t o t h e i r a v a i l a b i l i t y . This 

i s one reason f o r t h e i r abundance and success. They are 

important f o r promoting energy flow i n ecosystems. 

6. The sampling methods used gave seasonal changes i n numbers p a r t l y 

due to the movements o f animals. For example T . p u s i l l u s migrated 

v e r t i c a l l y i n t o the s o i l i n w i n t e r and entered the Ao h o r i z o n o f 

the s o i l i n Spring. Trichoniscus p u s i l l u s was the only species 



present and q u i t e abundant i n a l l h a b i t a t s (up to 686 m ) . 

Oniscus a s e l l u s was abundant i n the churchyard and quarry 
2 

(up to 756 m ) . P h i l o s c i a muscorum and P o r c e l l i o scaber 
2 2 

were the l e a s t abundant (up to 132 m and 168 m r e s p e c t i v e l y ) . 

The breeding season s t a r t e d i n T. p u s i l l u s i n e a r l y May and the 

l a s t species to s t a r t breeding was P. scaber.in e a r l y June. 
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APPENDIX 

Table 1. Trichoniscus p u s i l l u s p u s i l l u s ; d e n s i t y and biomass 

(per 
JLO 
123 m ) the sample size and equivalent d e n s i t y f i g u : 

per 2 
m (a) Sherburn H i l l Quarry 

Sample date Density Biomass (g) Density per m' 
T.p. p u s i l l u s T. p . p u s i l l u s T . p . p u s i l l u s 

30 Jan 21 .027 252 
3 Mar 17 .021 228 
3 May 11 .012 132 

24 May 44 .065 528 
11 June 66 .121 792 
4 J u l y 40 .103 480 

23 J u l y 10 

(b) 

.010 

F i e l d S t a t i o n 

120 

30 Jan 6 .006 72 
3 Mar 9 .034 108 
3 May 18 .039 216 

24 May 35 .065 420 
11 June 58 .074 686 
4 J u l y 40 .060 480 

23 J u l y 10 

(c) 

.034 

Great High Wood 

120 

30 Jan 10 .010 120 
3 Mar 7 .007 84 
3 May 9 .024 108 

24 May 18 .061 216 
11 June 0 0 0 
4 J u l y 0 0 0 

23 J u l y 15 .022 180 

2 



Table 1 (Contd.) 

Sample date Density Biomass (g) Density 

(d) St. Margaret's Churchyard 

30 Jan 7 .004 84 
3 Mar 28 .028 336 
3 May 21 .022 252 

24 May 48 .094 576 
11 June 36 .083 432 
4 J u l y 44 .081 528 

23 J u l y 48 .090 576 



10 2 

Table 2. Oniscus a s e l l u s ; d e n s i t y and biomass (per 123 m ) 
the sample size and equivalent d e n s i t y f i g u r e s per m' 

(a) Sherburn H i l l Quarry 

Sample date Density Biomass (g) Densi 

30 Jan 3 .184 36 
3 Mar 5 .212 60 
3 May 7 .250 84 

24 May 45 3.043 540 
11 June 30 1.456 360 
4 J u l y 47 2.316 564 

23 J u l y 30 1.181 360 

(b) St. Margaret's Churchyard 

30 Jan 6 .219 72 
3 Mar 7 .239 84 
3 May 37 1,770 444 

24 May 58 2.498 686 
11 June 55 1.744 650 
4 J u l y 63 2.988 756 

23 J u l y 40 1.654 480 



_iO 2 

Table 3. P o r c e l l i s scaber; d e n s i t y and biomass (per 123 m ) 
the sample size and equivalent d e n s i t y f i g u r e s per 

(a) Sherburn H i l l Quarry 

Sample date Density Biomass (g) Density m' 

30 Jan 5 .201 60 
3 Mar 3 .079 36 
3 May 14 .388 168 

24 May 0 0 0 
11 June 0 0 0 
4 J u l y 0 0 0 

23 J u l y 0 0 0 

(b) St. Margaret's Churchyard 

30 Jan 5 .211 60 
3 Mar 5 .219 60 
3 May 13 .417 156 

24 May 4 .179 48 
11 June 2 .057 24 
4 J u l y 1 .037 12 

23 J u l y 0 0 0 



Table 4. P h i l o s c i a muscorum; den s i t y and biomass (per r j ^ f m ) 
the sample size and equivalent d e n s i t y f i g u r e s per m̂  

(a) St. Margaret's Churchyard 

Sample date Density Biomass (g) Densi 

30 Jan 0 0 0 
3 Mar 4 .171 48 
3 May 9 .227 108 

24 May 3 .126 36 
11 June 7 .166 84 
4 J u l y 10 .269 120 

23 J u l y 11 .340 132 

(b) F i e l d S t a t i o n 

30 Jan 3 .088 36 
3 Mar 5 .120 60 
3 May 2 .066 24 

24 May 0 0 0 
11 June 3 .208 36 
4 J u l y 2 .138 24 

23 J u l y 3 .257 36 

2 
t y m 



Table 5. Micro-climate i n the four h a b i t a t s 

Sherburn H i l l Great High St.Margaret 1s F i e l d 
Quarry Wood Churchyard S t a t i o n 

Temp. RH Temp. RH Temp. RH Temp. RH 
°C % °C % °C % °C % 

30 Jan 2 85 7 100 8 85 9 96 

3 Mar 3 85 4 85 3 90 6 80 

3 May 9 92 9 90 9 78 10 95 

24 May 8 80 11 75 11 68 12 70 

11 June 8 94 20 74 15 76 24 74 

4 J u l y 11 85 12 95 14 85 16 96 

23 J u l y 18 93 22 90 23 90 24 85 

Table 6. Summary o f Me t e o r o l o g i c a l readings a t Durham U n i v e r s i t y 
Observatory 

T o t a l Days r a i n Mean No ground 
r a i n f a l l f e l l temp. f r o s t s R.H. 
( i n s . ) ( C ) 

Jan 1.88 18 4.1 18 95 

Feb 3.48 17 0.2 22 77 

Mar 3.38 19 2.1 27 94 

Apr 1.78 16 6.4 18 73 

May 4.01 26 9.4 3 85 

June 3.07 13 13.1 1 88 

J u l y 1.74 11 15.9 0 64 
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