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INTRODUCTION 

The broad objective of the project is to contribute to an understanding 
of some of the factors a f f e c t i n g the d i s t r i b u t i o n and abundance of two animal 
species, namely the woodlice, Trichoniscus puBillus p u s i l l u s (Brandt) and 
Philoacia muscorum (Scopoli) (Crustacea: Isopoda). These were chosen as 
subjects as they are readily accessible, common and abundant l i t t e r and 
s o i l animals, some aspects of whose ecology have been investigated previously. 

I n short, what was attempted was to characterise the habitat and 
d i s t r i b u t i o n of the two species i n a woodland and adjoining grassland area 
near Durham, and to see to what extent the d i s t r i b u t i o n s and favoured 
habitats overlapped and to what extent they d i f f e r e d . 

T. pusillus occurs throughout the B r i t i s h I sles occupying a great range 
of habitats, even acid moorland, and inhabits both the woodland and grassland 
sites that were studied. P. muBcorum also occurs a l l over the B r i t i s h Isles 
but sparsly i n the north of England and Scotland. I t i s characteristic of 
hedgerows and grassland and not normally of woodland, although i t does occur 
i n the l a t t e r , including the woodland s i t e of this project, i n the l o c a l i t y 
of Durham. 

Elton (1949) used the term "habitat" to describe an area which seems to 
possess a certain uniformity with regard to physiography, vegetation or some 
other q u a l i t y considered important by the investigator and the d e f i n i t i o n i s 
applied i n the present work. 

A species may occupy a range of d i f f e r e n t habitats i n d i f f e r e n t parts 
of i t s area ( i . e . geographical range) and wi t h i n each habitat i t has a 
position i n the space, time, and functional relationships of the community 
that occupies that habitat. The species' place i n a community i n r e l a t i o n 
to other species i s i t s niche. 

The term niche has been used to mean two d i f f e r e n t things: a sub-division 
of the habitat and the " r o l e " of the species i n a community. Hutchinson 
(1958) redefined the niche and developed the concept of niche hyperspace. 
For each environmental variable there i s a range of values that allow a 
species to survive and reproduce. Such values of two variables w i l l describe 
an area, of three a volume, and additional variables an n-diraensional hyper-
volume (the fundamental niche of the species). The centres of the d i f f e r e n t 
species' hypervolumes are dispersed i n niche hyperspace. 
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Many d i f f i c u l t i e s would be met i n determining i n f u l l the fundamental 
niche of a species. I t has an i n f i n i t e number of dimensions and not a l l 
environmental variables can be l i n e a r l y ordered and measured. The interactions 
w i t h other organisms, such as predators and parasites, w i l l be harder to 
measure than many physical variables such as temperature. The model also 
refers to a single instant i n time, but values of variables w i l l change. 

The d i s t r i b u t i o n of a species w i l l often be l i m i t e d d i r e c t l y by an 
environmental variable when the maximum or minimum tolerable value i s exceeded, 
such as when there i s an excess of humidity or a shortage of water. At other 
times, i t appears that a species further l i m i t s i t s own d i s t r i b u t i o n by 
habitat selection. The larva of the European corn borer (Pyrausta n u b i l a l i s 
HUbn.) w i l l feed on a wide va r i e t y of plants but occurs mainly on corn (maize) 
because the ovipositing female i s most attracted by an- odour produced by 
the corn plant (Schoonhoven, 1968). However, i t i s s t i l l due to the 
v a r i a t i o n of a factor i n the environment that the stimulus occurs i n some 
places and not others and ultimately l i m i t s the d i s t r i b u t i o n . 

The behaviour of animals and v a r i a t i o n i n the environment cannot be 
separated as causes of d i s t r i b u t i o n as this implies spontaneous behaviour i n 
the absence of s t i m u l i . 

In regular d i s t r i b u t i o n s , the animals are spaced apart more evenly than 
i n a random d i s t r i b u t i o n and may i n part be the r e s u l t of i n t r a s p e c i f i c 
competition or, at least, avoidance between individuals. Contagious 
d i s t r i b u t i o n s are those where the individuals are more aggregated than i n a 
random d i s t r i b u t i o n , to a greater or lesser extent i n response to environ
mental v a r i a t i o n . 

D i s t r i b u t i o n may be considered as a facet of abundance, the l i m i t of 
the d i s t r i b u t i o n of a species being where abundance f a l l s to zero, and the 
factors that affect the d i s t r i b u t i o n may also affect the abundance. 

Standen (1972) obtained figures of abundance f o r T. p u s i l l u s i n deciduous 
woodland and found a high degree of aggregation i n the d i s t r i b u t i o n . Sutton 
(1968), i n a study of the population dynamics of T. pusillus and P. muscorum 
in limestone grassland, obtained data on the abundance of both species 
throughout the year. He also found that a f t e r growth of juveniles and 
breeding of T. pusillus had been cur t a i l e d during drought conditions i n 1964, 
an extended breeding programme and improved survival of the young the 
following year re-established the former abundance. 

In the present work, the environmental variables w i t h i n the species' 
habitats are considered to f a l l w i t h i n the following major categories: food, 
water and temperature r e l a t i o n s , shelter, competitors and predators (parasites 
apparently being uncommon i n woodlice). 
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Samples were taken from d i f f e r e n t habitats at the grassland and woodland 
sites and the T. pusillus and P. muscorum were extracted. A study was' made 
of a number of the variables of the habitats investigated through a combination 
of f i e l d notes taken at each sample location and analysis of the samples a f t e r 
extraction. Multivariate analysis was then used to see how the numbers of 
woodlice were related to the variables. 

The a c t i v i t y of possible predators and competitors was studied by 
p i t f a l l - t r a p p i n g and a simpler form of analysis. 

Some aspects of feeding behaviour of T. pusillus and P. muscorum were 
studied by experiment and the development of P. muscorum i n woodland and 
grassland assessed by measurements of those collected i n the sampling 
programme and of young reared i n cultures. 



CHAPTER 1 

PREVIOUS WORK RELEVANT TO THE ECOLOGY OF WOODLICE 

1.1 Food 

Woodlice are isually regarded as primary decomposers as much of t h e i r 
food i s dead plant material. Living material was considered a minor component 
of t h e i r diet u n t i l Paris and Sikora (1965) demonstrated that Armadillidium 

32 
vulgage L a t r e i l l e fed on P-labelled plants and was able to switch from 
l i v i n g to dead material as resources changed. Woodlice also feed on th e i r 
own faeces, to which extent they are secondary decomposers. Woodlice need 
r e l a t i v e l y large quantities of copper (Weiser, 1966) but cannot obtain i t 
from most types of food. Copper, i n a form that can be assimilated, i s 
probably made available through ba c t e r i a l a c t i v i t y i n the faeces, and i t i s 
possible that other trace requirements are met i n the same manner. Other 
items of d i e t include l i v i n g bacteria and fungi (Ing, 1967) and animal remains. 

Much of the l i t t e r i n natural habitats may be unavailable as food at a 
given time, due to d i s t a s t e f u l substances, low water content, c u t i c l e t h i c k 
ness or other factors. Leaves w i t h high tannin contents are unacceptable 
u n t i l the substances have been leached out by r a i n , while species with low 
tannin contents, such as FraxinuB spp. and Acer pseudoplatanus L. are 
acceptable much sooner a f t e r leaf f a l l (Standen, 1963). Edwards and Heath 
(1963) noted that beech and oak leaves that did not darken appreciably 
after leaf f a l l began to be fragmented by l i t t e r animals f a r sooner than those 
which darkened rapidly. The darker "sun" leaves had a much greater percentage 
of both polyphenols and sugars than did "shade" leaves (Heath and King, 1964; 
Heath and Arnold, 1966). As the water soluble polyphenols were removed by 
weathering, the l i t t e r became more palatable to arthropods. 

Tannins i n h i b i t microbial a c t i v i t y , which appears to be necessary 
before the leaves are eaten by woodlice. Thus tannin may detract from the 
p a l a t a b i l i t y of leaves. I f this i s the case, the woodlice cannot be considered 
primary decomposers i n the s t r i c t e s t sense, as they are not the f i r s t 
organisms to feed on the l i t t e r (Sutton, 1972). 

Healey (1963), working on T. p u s i l l u s , found both species and age of 
leaf of importance i n preference tests. A summary of preferences i s l i s t e d 
chronologically. 
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Age of L i t t e r Species preferred 

up to 5 weeks 
6 weeks - 3 months 

Variable, nothing readily acceptable 
Sycamore 

4 - 7 months Ash 
over 12 months Sycamore or oak (The ash was avoided i n 

these l a s t experiments, probably due to 
myxobacterial growth.) 

L i t t e r unacceptable to woodlice f o r a period a f t e r leaf f a l l may be 
eaten by other decomposers before reaching an age suitable for the former. 

The proportion of ingested food that i s assimilated varies considerably. 
Hubbell et a l (1965) found that material i s retained i n the gut, and 
assimilation i B greater, when food i s scarce. When food i s abundant, large 
quantities of up to about 3% body weight w i l l be processed but a smaller 
proportion of ingested food assimilated. 

I n summary, woodlice feed mainly on dead plant material with preferences 
of type and age of leaf. They can u t i l i s e a variety of food as resources 
change and can assimilate a greater proportion of ingested food when i t i s 
scarce. However, despite t h e i r f l e x i b i l i t y , i t cannot be considered 
impossible that woodlice are subjected to shortages of edible food i n the 
natural habitat. 

1.2 Water and temperature relations 

Isopod species have evolved a range of degrees of independence from the 
: aquatic habitat, from the l i t t o r a l L i g i a , susceptible to rapid dessication 
i n a dry atmosphere and with low temperature tolerance, to the t e r r e s t r i a l 
Armadillidium, capable of surviving dry a i r and high temperatures f o r 
several hours (Edney, 1951a, 1951b, 1954). 

Isopods lack the qticuticular layer of wax possessed by many other 
arthorpods and tend to have much higher transpiration rates than most of the 
l a t t e r . Without a r e l a t i v e l y impermeable integument (and water-economical 
res p i r a t i o n , excretion, e t c . ) , the other obvious way i n which small animals 
can avoid dessication i n t e r r e s t r i a l environments i s to avoid dry places 
and remain most or a l l of the time i n a humid environment as a result of 
physiological orienting mechanisms (Cloudsley-Thompson, 1954). The i n t e n s i t y 
(and sometimes nature) of response of woodlice to temperature, humidity and 
l i g h t changes with the i n t e n s i t y of the stimulus, with the physiological 
state of the animal, and i n phase with the animal's diurnal and possible 
seasonal rhthyms (Waloff, 1942; Cloudsley-Thomspon, 1952, 1954; Warburg, 1964). 



Most of the work on the water and temperature relations of isopods has 
been experimental and many of the assumptions as to t h e i r a b i l i t y to withstand 
dry a i r and high temperatures and regulate body water content and heat have 
not been confirmed by f i e l d observations* The excretion of woodlice does not 
normally compensate fo r water-uptake i n saturated a i r and so there i s a need 
to emerge i n t o the open at night and lose excess water by evaporation (Boer, 
1961). Observed v e r t i c a l migrations, up trees and walls (Brereton, 1957; 
Boer, 1961) may be d i r e c t l y a ttributable to evaporation requirements. 

Brereton (1957) described the d i s t r i b u t i o n of woodland isopods i n an 
oak-aeh-sycamore wood near Oxford and the changes i n d i s t r i b u t i o n over d a i l y 
and seasonal cycles. T. p u s i l l u s was found to retreat under stones i n winter 
and move into dead wood and l i t t e r during summer. No s i g n i f i c a n t seasonal 
change was found i n the d i s t r i b u t i o n of P. muscorum, as they remained under 
stones and l i t t e r throughout the year. 

Sutton (1968) showed that T. p u s i l l u s i s not resistant to f r o s t when 
confined i n growth pots to the upper layers i n the f i e l d . P. muscorum kept 
i n this way a l l survived. Normally T. p u s i l l u s i s able to escape f r o s t by 
v e r t i c a l migration (Healey, 1963) and i s always scarce i n the l i t t e r during 
periods of f r o s t . Sutton also showed that T. p u s i l l u s migrated deep int o the 
s o i l during drought conditions i n the summer of 1964, while P. muscorum 
remained i n the l i t t e r . He does not accept the simple explanation that 
T. pusillus i s more susceptible to dessication than P. muscorum on account of 
i t s smaller size, as young P . muscorum are no larger than adult T. pusillus 
but do not migrate i n t o the s o i l . P. muscorum showed marked tolerances i n 
laboratory culture and i n f i e l d observations of far d r i e r conditions than 
those preferred i n tests (Edney, 1954) . 

Sutton concluded that P. muscorum survives extremes of climate through 
physiological f l e x i b i l i t y , while T. p u s i l l u s avoids such extremes through 
ecological f l e x i b i l i t y , of which avoidance of mort a l i t y by v e r t i c a l migration 
i s a component. 

1.3 Shelter 

Shelter, as an independent environmental e n t i t y can be refuge from 
climatic extremes, predators, parasites and destruction of habitat by trampling 
or mowing. I t i s d i f f i c u l t to determine the diffexence between shelter and 
food when considering l i t t e r - d w e l l i n g animals. Moist leaves w i l l provide 
food and shelter from dessication, grass tussocks may provide food and shelter 
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from predators. Shelter i s also a q u a l i t a t i v e commodity. A stone that traps 
a small volume of water-saturated a i r may provide a refuge from dessication 
at high temperatures but may not protect from f r o s t . I t seems l i k e l y that 
shelter may be one of the factors causing contagious (aggregated) d i s t r i b u t i o n . 

1.4 Competitors 

I t i s not known how i n t r a - and i n t e r s p e c i f i c competition affe c t woodlice 
populations. 

1.5 Predators 

A wide variety of animals are known to eat woodlice under laboratory 
conditions but there i s l i t t l e evidence as to which of these predate on 
woodlice i n the w i l d . Shrews and toads w i l l readily eat woodlice and l i t t l e 
owls, hedgehogs, slow-worms and frogs w i l l accept them. Carabid and staphy-
l i n i d beetles, spiders, harvestmen and centipedes are raong the invertebrates 
that eat them under laboratory conditions. 

The nocturnal and r e t i r i n g habits of woodlice make observation of preda-
tion i n the f i e l d very d i f f i c u l t . Rudge (1968) has established through analy
sis of gut contents that the shrew (Sorex araneus L.) w i l l sometimes eat 
large quantities of woodlice. To i d e n t i f y predators that take only l i q u i d 
food, such as spiders, other methods can be employed. Potential prey can 
be labelled with radio-isotopes which are detectable i n predators though 
th i s method involves disturbing the prey. Paris and Sikora (1967) used t h i s 
method and found lycosid spiders and.a species of ground cr i c k e t ate small 
numbers of Armadillidium vulgare. Another method i s the application of 
serological techniques. The woodlice proteins w i l l l a s t f o r some time i n the 
gut of the predator and there i s no need to disturb the study area u n t i l the 
predators are removed and t h e i r gut contents tested. Using t h i s method, 
Sutton (1968) found that woodlice were eaten by lycosid spiders, centipedes 
and shrews. 

The spider Dysdera i s one predator that has been studied. The genus 
has two B r i t i s h representatives which are quite common i n Southern England. 
The poison i s very toxic to woodlice and the tegumental glands of the l a t t e r , 
which i n some species secrete a repellent f l u i d (Gorvett, 1956) are ineffective, 

1.6 Parasites 

Woodlice have few parasites (Thomspon,1934) though P o r c e l l i o scaber 
L a t r e i l l e has a f a r greater number and variety than other species. None 
are known i n P. muscorum. 
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CHAPTER 2 

METHODS 

2.1 Site Descriptions 

The woodland sites studied were both situated i n Hollingside Wood, on 
the southern o u t s k i r t s of Durham (g r i d references 276 407 and 275 404 for 
f i r s t and second s i t e respectively), on l i g h t l y acid podsol. Both sites were 
situated at about 60 metres a l t i t u d e on shallow (15°) sloping ledges on a 
steeper slope facing east-south-east at the f i r s t s i t e and east at the 
second. The wood i s mainly mixed-deciduous with small areas of larch (Lar'ix 
decidua M i l l e r ) , which occurs at the f i r s t woodland s i t e . 

The predominant species of tree i n the wood are beech (Fagus sylvatica L.) 
Oak (Quercus) and sycamore (Acer pseudoplatanus L.) with birch (Betula), 
h o l l y ( I l e x ) and ash (Fraxinus) of minor occurence, although the l a t t e r does 
not occur at either of the sites studied. 

At both sites there are substantial areas covered by bramble (Rubus) 
and by Holeus mollis L. Some areas have l i t t l e or no f i e l d or ground layer. 
Bluebells (Endymion non-scriptus (L.) Gareke) are scattered throughout a l l 
three areas i n both s i t e s , forming dense patches i n the second site.. Wound
wort (Stachys sylvatica L.) was common amongst the Holcus at the f i r s t s i t e . 
Bracken (Pteridium aquilinum L.) was common and dispersed throughout both 
sites and Dryopteris also occurred, although infrequently. 

Indexes of tree cover were not prepared as they would depend on the 
size of the area considered (although the contribution.of each species to 
the l i t t e r was assessed i n d e t a i l l a t e r i n the work. 

The grassland s i t e i s situated adjacent to Hollingside Wood (grid 
reference 274 403) and i s part of the University of Durham f i e l d s t a t ion. 
There i s a l i g h t l y acid brown^earth s o i l p r o f i l e which may have been deterio
r a t i n g since sheep grazing finished i n 1965. Part of the site i s l e f t unmown 
and i s covered by tussocks of Dactylis glomerata L., Phleum pratense L. 
and Arrhenatherum e l a t i u s (L.) S. & C. Presl. I n the mown area, Phleum 
pratense, Holcus lanatus L. and Poa spp. are of importance although no species 
are predominant i n t h i s very mixed vegetation which also includes 
Anthoxanthum odoratum L., Dactylis glomerata (not i n clear tussocks), Cirsium 
arvense (L.) Scop., Heracleum sphondylium L. and Plantago lanceolata L. 
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2 .2 I d e n t i f i c a t i o n of T. pus i l l u s and P. museorurn 

The two species were generally readily recognisable on account of 
several characteristics but i n the case of specimens that had l o s t a l l traces 
of pattern i n the preservative, or were damaged or extremely small, i t was 
necessary to examine them under a binocular microscope to determine the 
species. I n practice, a l l those specimens considered to be T. pusillus were 
checked i n t h i s way. 

T. pus i l l u s (of which T. pusillus pusillus i s the form occurring i n the 
north and west of Br i t a i n ) i s a small species reaching 5mm. i n body length 
with a reddish brown colour. P. muscorum reaches 1cm. i n body length and has 
a bronze colouring, with a darker head and a median dorsal s t r i p e along the 
body. 

When viewed with a microscope, the f l a g e l l a (the terminal parts of the 
antennae) of T. pusillus are.seen to consist of four i n d i s t i n c t segments 
ending i n a fine brush, whereas the f l a g e l l a of P. muscorum are seen to 
comprise three d i s t i n c t segments with no brush. Also, the telson of T. 
pusillus has a concave apical margin but that of P. muscorum i s triangular. 

2.3 Sampling 

a) Fieldwork. The sampling programme followed a general plan: the sample 
unit area was l/20m and for the early samples a square container, from 
which the base had been removed, was used* Samples were taken from d i f f e r e n t 
habitats w i t h i n the woodland (the areas characterised by dominance of Rubus , 
of Holcus and by absence of vegetation) and from mown and uumown areas of 
the grassland s i t e , where a d i s t i n c t i o n was l a t e r drawn between the tussocks 
and the gaps between them. 

For taking woodland samples, the container was pressed to the ground and 
the l i t t e r , fBrna and humus layers scooped from the open top into a large 
polythene lag and labelled. As the material was removed, the container 6ank 
down, ensuring that a constant area was taken through the depth of the sample. 
Impeding Rubus stems and f a l l e n branches were removed before sampling and when 
large pieces of buried wood were encountered the sample was abandoned. Notes 
were taken of the depth of leaf l i t t e r , shading, proximity of trees and any 
feature of pa r t i c u l a r i n t e r e s t . Grassland samples were dug out with a spade, 
using the container to gauge size. A l l l i t t e r samples were accompanied by 
a sample of the underlying s o i l , sealed and labelled i n a polythene bag. 



Following consideration .of the results from samples of the f i r s t woodland 
s i t e , sampling was continued a t woodland site 2 a f t e r highdensities of 
P. muscorum had been observed there during searches over the previous week. 
The f i r s t ten samples taken at s i t e 2 were not i n accordance with the division 
into three habitats applied previously, as they included single samples 
taken from an area with much f a l l e n wood and an area with a dense stand of 
Endymion. 

For the f i n a l sampling, i t was considered necessary to use a more e f f i c i e n t 
method for obtaining samples. A c y l i n d r i c a l container with a basal area;.of 

2 
l/20m and diameter of 25.2cm was adapted by removing the base and attaching 
a rim of mild steel onto which a serrated flange was f i l e d . The cylinder 
could be turned with force even i n t o the grassland, obtaining accurate 
samples from which i t xras expected few P. muscorum could escape. 

As there was i n s u f f i c i e n t extraction equipment to deal with these l a s t 
s i x t y samples, sampling from each habitat was divided between two occasions. 

Table 2a summarises the sampling programme. 

b) Extraction. The samples were weighed i n the polythene bags or sacks and 
placed i n large Berleze funnels heated with 100 watt bulbs. The grassland sam
ples remained as entire cores and were inverted or turned on the sides , 
enabling animals to pass down with minimum impediment. The animals were 
collected i n jars containing a d i l u t e copper sulphate solution as & fungicide. 
The jars were removed a f t e r six days and replaced by clean j a r s , the funnels 
remaining heated u n t i l the samples were sorted, preventing them from absorbing 
moisture. No vjoodlice, and rarely any other animals, were collected i n the 
replacement j a r s . 

Sutton (1968) tested the efficiency of the Kempson-Lloyd-Ghelardi heat 
and l i g h t extractor i n extracting T. pusillus and P. muscorum and found 
effi c i e n c i e s of 90£ and 83-93% respectively. The apparatus used i n the present 
work allowed a considerable amount of s o i l and humus to pass through and so 
e f f i c i e n c i e s were probably lowered for T. pusillus,and young P. muscorum, due. 
to the d i f f i c u l t y i n seeing the smallest individuals. 

c) Collection of data. The following data were collected from woodland 
samples: 
a) Number of T. pusillus per sample 
b) Number of P. muscorum per samples 
c) Shading: noted subjectively on 1(light)-3(dark) scale. 



Date WOODLAND 
Site 1 

Rubus Holcu8 L i t t e r 

Date GRASSLAND 

29.4.75 

20.5.75 

21.5.75 

20.6.75 

7.7.75 

7 

3 

Rubus 

5 

5 

7 

3 

Site 2 

Mixed 10 

Holcus 

5 

5 

7 

3 

L i t t e r 

5 

5 

1.5.75 

Mown Unmown 

21.6.75 5 

5.7.: 75 5 

Gap Tussock 

5 

5 

5 

5 

TOTALS 20 20 20 17 10 (7)10 

TABLE 2a 
Numbers, timing and d i s t r i b u t i o n of 

samples taken 
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d) Depth of l i t t e r : noted subjectively to nearest 1.25cm(J"). Depth 
could vary over the sample, i n which case an average was assessed. 

e) Soil water content: s o i l samples were weighed and dried i n an oven fo r 
three days at 75°C. The water content i s expressed i n the results as a 
percentage of the o r i g i n a l t o t a l wet weight. 

f ) Predominance at sample location of Rubus: scored as 1 or 0 for analysis. 
g) Predominance at sample location of Holcus: scored as 1 or 0 f o r analysis. 
h) Dry weight of grass l i t t e r . Attached stems and leaves were trimmed o f f 

and included. 
i ) Dry weight of leaf l i t t e r . 
j ) k ) l ) m ) Score of quantities of beech (Fagus), oak (Quercus), sycamore (Acer) 

and h o l l y ( I l e x ) leaves: 3«=most abundant, 2=half the quantity of the 
most Abundant, l^presence. 

n) Dry weight of wood 
o) Dry weight of bracken 
p) Dry weight of the whole sample 
q) Water content of the whole samples, expressed i n the results as a 

percentage of the o r i g i n a l fresh weight, 
r ) Dry weight of F & H layers, the residual weight af t e r a l l l i t t e r components 

had been sorted. The F (fermentation) and H(humified) layers are those 
i n which the l i t t e r i s i n various stages of p a r t i a l decomposition. 
Together with the l i t t e r (L) layer, they comprise the AO horizon. 

The data a)b)e)h)i)n)p)q)r) l i s t e d above were recorded from the grass
land s i t e and samples, with two additional data: 
s) Mowing: l agrass mown, 0»grass unmown. 
t) In unmown area: l atussock, Ogap. 

2.4 P i t f a l l trapping 

a) Fieldwork. P i t f a l l traps were used at the second woodland s i t e to 
provide further evidence of the d i s t r i b u t i o n and a c t i v i t y of T. pusillus 
and P. muscorum i n r e l a t i o n to environmental factors, and of the d i s t r i b u t i o n 
and a c t i v i t y of potential predators and competitors. T h i r t y - f i v e 1-lb jam 
jars were positioned i n the ground one metre apart i n a single f i l e transect, 
t h e i r rims flush with the top of the F layer and notes were taken of the 
nature of the vegetation w i t h i n |m. radius of each j a r . A small quantity 
of extremely d i l u t e detergent i n water was poured i n t o each j a r , ensuring the 
death of incoming animals. No preservative, which may have had a repellent 
e f f e c t , was added. 
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A 24-hour t r i a l run commenced 15.30 BST on 22 .5 .75 . Jars were 

recovered f o r s o r t i n g i n the same order i n which they were l a i d o u t , c lean 

j a r s be ing l e f t i n v e r t e d i n the h o l e s , ready to be upturned f o r the next r u n . 

The contents o f the removed j a r s were preserved i n 70% e t h y l a l c o h o l i n 

l a b e l l e d c o n t a i n e r s . Due to the v e r y low numbers c o l l e c t e d , i t was decided 

to extend the t r a p p i n g p e r i o d and f u r t h e r p i t f a l l t r a p p i n g was conducted over 

per iods o f s i x days. Accumulat ion o f debr is and decay o f animals would have 

rendered the contents unsor table i f l e f t l onge r . The f i r s t s i x day p e r i o d 

ran f r o m 31.5.75 t o 6 .6 .75 , a second p e r i o d f r o m 6.6.75 to 12 .6 .75 . Attempts 

to r e t r i e v e a t h i r d ba tch f a i l e d when the j a r s were tampered w i t h . A f t e r 

severa l a t tempts t o recover a batch i n t a c t f a i l e d , the j a r s were removed f o r 

two weeks be fo re be ing pu t back on 1 0 . 7 . 7 5 . These were concealed b e t t e r 

than p r e v i o u s l y and were recovered i n t a c t . 

C h a r a c t e r i s t i c s o f the v e g e t a t i o n sur rounding each j a r were recorded on 

2 /3 .8 .75 i n f a r g rea te r d e t a i l than the notes taken e a r l i e r (on 2 2 . 5 . 7 5 ) . 

There had been l i t t l e change d u r i n g the t r a p p i n g except f o r a dec l i ne i n 

Endymion and an increase i n t r a m p l i n g o f the bare l i t t e r areas. 

b) C o l l e c t i o n o f d a t a . The contents o f the p i t f a l l s were s o r t e d and the 

f o l l o w i n g data a ) -h ) recorded . Vege ta t ion data i ) - t ) were scored on 

s u b j e c t i v e (0=low-3=high) scales twice a t each j a r i n the t r a n s e c t . The 

f i r s t va lue a p p l i e d t o an area w i t h i n a |m. r ad ius of the j a r , the second 

t o an area w i t h i n §m. rad ius o f the j a r , 

a) Number o f T . p u s i l l u s 

b) Number o f P. muscorum 

c) Number o f Oniscus a se l lu s L . 

d) Number o f P o r c e l l i o scaber 

e) Number o f S t a p h y l i n i d bee t l e s g rea te r than 6mm. body l e n g t h . 

f ) Number o f Carabid beet les g rea t e r t han 1cm. body l e n g t h . 

g) Number o f Sorex shrews 

h) Number o f Glomeris marginata V i l l e r s 

i ) j ) Rubus cover 

k ) l ) Fe rn cover . Most f e r n cover was due to P t e r i d i u m bu t subscores were 

recorded f o r less f r e q u e n t D r y o p t e r i s . 

m)n) Endymion cover 

o)p) Grass cover 

q ) r ) T o t a l a e r i a l cover (Rubus, f e r n s and dense e r e c t g rasses ) . 

8 ) t ) Quan t i t y o f l e a f l i t t e r . 
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2,5 Feeding experiments 

a) The f i r s t experiment commenced on 25.5.75 and was designed to t e s t the 

preference by and a c c e p t a b i l i t y to T. p u s i l l u s o f f i v e species o f p l a n t . 

Twelve p l a s t i c conta iners (9cm. diameter and 8cm. depth) were prepared w i t h 

2cm. depth o f n o n - n u t r i e n t , tap wa te r agar poured i n t o each and a l lowed t o 

se t . Leaves, i n the e a r l y stages o f decay, o f Acer pseudoplatanus. B e t u l a , 

Fagus and Quereus were c o l l e c t e d , which were considered the p r i n c i p a l pos s ib l e 

i tems o f d i e t o f T . p u s i l l u s and P. muscorum i n H o l l i n g s i d e Wood. S i x 1cm. 
2 

squares were cu t f r o m leaves o f each, spec ies . S ix rec tangles o f 1cm. area 

were cu t f r o m leaves o f the grass , D a c t y l i s g lomera ta , a p o s s i b l e i t e m o f 

d i e t a t the grass land s i t e . Not a l l the p r i n c i p a l grasses o c c u r r i n g a t the 

grass land s i t e could be inc luded i n the one exper iment . One segment o f 

each o f the f i v e species o f p l a n t was pu t i n each c o n t a i n e r , the f i v e species 

be ing spaced evenly near the pe r ime te r . Five a d u l t T. p u s i l l u s were-placed 

i n the cen t re o f each c o n t a i n e r . The l i d s were replaced and the con ta ine r s 

s t o r ed i n a constant temperature cab ine t a t 13°C. 

The p r o p o r t i o n o f each species o f l e a f eaten s ince the experiment 

commenced was assessed a t 24-hour i n t e r v a l s on a 1-5 sca le : 

1 = f i r s t s igns o f damage t o segment 

2 =• more than j[ eaten 

3 = more than \ eaten 

4 = more than \ eaten 

5 9 almost complete ly eaten 

b) An experiment w i t h the same aims and design was Bet up on 25.5.75 

us ing P. muscorum c o l l e c t e d i n H o l l i n g s i d e Wood. 

Assessment o f q u a n t i t i e s eaten since commencement o f the experiment 

was more accurate than i n experiment a ) , as P. muscorum ate f r o m the edge o f 

segments, w i t h o u t reduc ing the t h i cknes s . A 20 p o i n t scale ( o f 5% steps) 

was used. 

c) A r e p l i c a t e o f experiment b) was commenced on 25.6.75 w i t h the m o d i f i c a t i o n 

o f us ing P. muscorum c o l l e c t e d f rom the grass land s i t e . I n a d d i t i o n to 

f u r t h e r i n g the aims o f experiment b ) , i t was considered p o s s i b l e t h a t a 

s i g n i f i c a n t d i f f e r e n c e would be observed between the behaviour o f the two 

c o l l e c t i o n s o f P . muscorum. 
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d) An experiment was conducted t o assess the q u a n t i t y o f leaves o f 

d i f f e r e n t species eaten d a i l y by P. muscorum. Nine dishes prepared w i t h 

2cm. o f agar were u t i l i s e d . Several pieces o f each species o f t r e e l e a f 

used i n the experiment were cu t f r o m adjacent t o the m i d r i b ; the grass 

leaves used were cu t i n t o equal segments along t h e i r l e n g t h . 

For each spec ies , one o f each p a i r o f t r ee l e a f segments was used as 

food i n the exper iment . The o ther segments were d r i e d a t 110°C i n an 

oven f o r two days and then weighed c o l l e c t i v e l y . A l t e r n a t e segments o f 

grass leaves were s i m i l a r l y t r e a t e d . Leaves f r o m nine species were used: 

Acer , B e t u l a , Fagus and Quercus and the grasses Arrhenatherum e l a t i u s , 

D a c t y l i s g.omrata, Holcus m o l l i s , Holcus lana tus and Phleum pre tense . The 

segments o f each species to be used as food were spaced ou t i n a c o n t a i n e r . 

I t was a n t i c i p a t e d t h a t the p r o v i s i o n o f severa l segements o f each species 

o f l e a f would ensure severa l days' supply o f food i n e d i b l e c o n d i t i o n . 

Five P. muscorum c o l l e c t e d f rom H o l l i n g s i d e wood were placed i n the 

cen t re o f each con ta ine r h o l d i n g t ree l e a f segments, and f i v e c o l l e c t e d 

f r o m the grass land s i t e i n t o each con ta ine r w i t h grass l e a f segments. The 

t ree and grass l e a f con ta iners were set up on 12.7.75 and 13.7.75 r e spec t 

i v e l y . 

Each con ta ine r was to have been checked d a i l y u n t i l a s u b s t a n t i a l 

p r o p o r t i o n o f the food was ea ten , a t which stage the animals were t o be 

removed and the remaining food p icked o u t , d r i e d f o r two days at 110°C and 

weighed. A h igh death r a t e i n a l l con ta ine r s r e s u l t e d i n the t e r m i n a t i o n 

o f the experiment on 3 0 . 7 . 5 . The t o t a l d r y we igh t o f the remaining segments 

o f each species o f p l a n t i s expressed i n the r e s u l t s as a percentage o f 

the t o t a l d ry we igh t o f the r e p l i c a t e ha lves . 

2.6 Developmental s tud ies o f P. muscorum 

a) The head wid ths o f P. muscorum c o l l e c t e d f r o m the Berlese f u n n e l s 

d u r i n g the sampling programme were measured w i t h a micrscope f i t t e d w i t h a 

micrometer eyepiece . The w i d t h o f the head capsule was taken to be a 

s u i t a b l e measure of s ize by Standen (1973) work ing w i t h T . p u s i l l u s , as i t 

i s w e l l s c l e r o t i s e d and r e s i s t a n t t o s w e l l i n g and sh r inkage . 

Detached head capsules were i n c l u d e d , damaged were n o t . For each 

measurement, sex and presence o r absence o f eggs were recorded (except where 

the body was a b s e n t ) . The data f rom a l l woodland P. muscorum were poo l ed , 

as were those f r o m the g rass land . 
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b) P. muscorum c o l l e c t e d f rom the woodland s i t e 2 were kept i n c u l t u r e . 

As young were born they were accumulated i n a separate c o n t a i n e r . Two 

p l a s t i c con ta ine r s were prepared w i t h 2cm. depth o f agar. One was p r o v i d e d 

w i t h a copious supply o f leaves o f a l l ma jo r grass species growing a t the 

grassland s i t e , the o ther w i t h many leaves o f the ma jo r t r e e species found 

a t the woodland s i t e . 

On 17 .7 .75 , f o r t y o f the young P . muscorum (aged up t o A days) were 

p icked up w i t h a mois t brush and placed i n each c o n t a i n e r . The l i d s were 

replaced and the con ta ine r s l e f t i n a cons tant temperature cab ine t a t 18°C 

w i t h o u t d i s tu rbance , except f o r checks t h a t a s u f f i c i e n t number were s u r v i v i n g . 

F o r t y days l a t e r , on 2 6 . 8 . 7 5 , the s u r v i v i n g P . muscorum i n each con ta ine r were 

removed, and k i l l e d and preserved i n 70% a l c o h o l . The wid ths o f head capsules 

o f the two c o l l e c t i o n s were measured us ing a microscope w i t h micrometer 

eyepiece. 
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CHAPTER 3 

RESULTS AND ANALYSIS 

\ 
3 . 1 Sampling Programme 

The accumulated da ta of the numbers o f woodl ice and values o f d i f f e r e n t 

environmental v a r i a b l e s are reproduced i n f u l l i n t ab l e s 3a-31 i n the appendix. 

Due to the l a rge q u a n t i t y o f da ta compi led , i t was decided t o analyse i n v 

d e t a i l on ly the l a s t s i x t y samples ( t ab l e s 3g -31 ) . These were considered more 

u s e f u l than e a r l i e r samples as they were taken w i t h the new sampler and 

conta ined the m a j o r i t y o f a l l P . muscorum c o l l e c t e d . 

These data were analysed to determine the na tu re of the d i s t r i b u t i o n and 

subjec ted to m u l t i v a r i a t e a n a l y s i s t o determine which environmenta l v a r i a b l e s 

account f o r most v a r i a t i o n i n the numbers o f T . p u s i l l u s and P. muscorum. 

a) Ana lys i s o f the na tu re o f the d i s t r i b u t i o n s o f T . p u s i l l u s and P. muscorum 

i n the d i f f e r e n t s i t e s and h a b i t a t s . 

A random d i s t r i b u t i o n , i n which the re i s an equal chance o f an organism 

occupying any p o i n t i n space and the presence o f one i n d i v i d u a l does no t 

i n f l u e n c e the d i s t r i b u t i o n o f another , i s descr ibed by the Poisson s e r i e s . When 

p l o t t e d , the Poisson se r i e s gives, a curve which i s descr ibed comple te ly by one 

parameter, 83 the va r i ance ( S 2 ) i s equal to the mean ( x ) , The goodness o f f i t 

o f a se t o f data to the Poisson d i s t r i b u t i o n may be tes ted by a X t e s t on the 

observed and expected values 

2 „ S ( N - l ) 
* X 

where S = v a r i a n c e , N = number o f samples and x «= mean. I f the d i s t r i b u 

t i o n i s Poisson the X 2 values c a l c u l a t e d w i l l be w i t h i n the 0.95 and 0.05 
2 • • • l i m i t s . I f the X value does n o t conform w i t h the Poisson e x p e c t a t i o n , i t w i l l 

be found t h a t the index o f d i s p e r s i o n • x ' + ( N - l ) w i l l approximate to u n i t y . 

A va lue o f zero f o r the index would imply t h a t the animals were r e g u l a r l y 

d i s t r i b u t e d and a va lue s i g n i f i c a n t l y g rea te r than one (as tes ted by y2 above) 

i m p l i e s a contagious d i s t r i b u t i o n . 

A breakdown i s given o f the d i s t r i b u t i o n s w i t h i n d i f f e r e n t areas i n t ab l e 

3m. I n each case the N u l l Hypothesis t h a t the d i s t r i b u t i o n i s Poisson must be 

r e j e c t e d . 



Index o f d i s p e r s i o n 

T . p u s i l l u s 

30 samples f r o m woodland h a b i t a t s : 
bramble l i t t e r & grass 

20 samples f r o m l i t t e r and 
bramble areas 

30 grass land samples 

20 samples f r o m unmown area 

10 tussock samples f r o m unmown area 

10 gap samples f r o m unmown area 

1494.63123 

572.811094 

222.43 

102.29 

51.53 

49.54 

< .001 

<,001 

<.001 

<.001 

<.001 

<.001 

51.54 

30.15 

7.67 

5.38 

5.73 

5.50 

P . muscorum 

30 samples f r o m woodland h a b i t a t s : 
bramble l i t t e r & grass 

20 samples f r o m l i t t e r and 
bramble areas 

30 grass land samples 

20 samples f r o m unmown area 

10 tussock samples f r o m unmown area 

83.00 <.001 2.86 

39.93 < .01 2,10 

487.71 <.001 16.82 

272.64 <.001 14.35 

55.08 <.001 6.12 

TABLE 3m 

X 2 v a l u e s , and corresponding P va lues , f r o m 
t e s t s o f d i s p e r s i o n o f T . p u s i l l u s and P. muscorum 
i n areas and h a b i t a t s s t u d i e d , toge ther w i t h the x' 
index o f d i s p e r s i o n , de r ived f rom each va lue o f 
For N u l l Hypothes is , see 3 . 1 . 
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b) A n a l y s i s by m u l t i p l e r eg ress ion o f the e f f e c t o f envi ronmenta l v a r i a b l e s 

on numbers o f T . p u s i l l u s and P. muscorum. 

( I ) Computing Procedure. The r e s u l t s vere analysed us ing a stepwise 

r eg res s ion computer programme BMD02R (descr ibed more f u l l y i n Biomedica l 

Computer Programs (1973)) which "computes a sequence o f m u l t i p l e l i n e a r r eg re s 

s ion equations i n a stepwise manner. A t each step one v a r i a b l e i s added to 

the r eg ress ion equa t i on . The v a r i a b l e added i s the one which makes the g rea te s t 

r e d u c t i o n i n the e r r o r sum o f squares. E q u i v a l e n t l y , i t i s the v a r i a b l e which, 

has the h i g h e s t p a r t i a l c o r r e l a t i o n w i t h the dependent v a r i a b l e p a r t i a l e d on 

the v a r i a b l e s which have a l r eady been added; and e q u i v a l e n t l y , i t i s the 

v a r i a b l e w h i c h , i f i t were added, would have the h ighes t F va lue . . . " 

The ou tpu t b e f o r e the r eg re s s ion i s performed inc ludes a) means and 

standard d e v i a t i o n s o f the v a r i a b l e s and b) a c o - r e l a t i o n m a t r i x . 

The o u t p u t a t each step o f the r eg ress ion inc ludes a) the m u l t i p l e - R and 

the standard e r r o r o f the e s t i m a t e , b) f o r each v a r i a b l e i n the e q u a t i o n , the 

r eg re s s ion c o e f f i c i e n t , the s tandard e r r o r and the F t o remove and c) f o r 

each v a r i a b l e n o t i n the e q u a t i o n , the t o l e r a n c e , the p a r t i a l c o r r e l a t i o n 

c o e f f i c i e n t and the F to e n t e r . (The s i g n i f i c a n c e o f each e n t r y i n the 

equa t ion i s found by e n t e r i n g the F value i n the tab les o f the F d i s t r i b u t i o n 

f o r the chosen l e v e l of s i g n i f i c a n c e . 95% was taken as the minimum acceptable 

l e v e l o f s i g n i f i c a n c e and, a d d i t i o n a l l y , i t i s recorded when values exceed 

the 99% l e v e l . ) 

The ou tpu t a f t e r the regress ion i s performed inc ludes a) a l i s t o f 

r e s i d u a l s and p l o t s o f r e s i d u a l s versus i n p u t v a r i a b l e s and b) a summary t a b l e . 

A p r e l i m i n a r y run was entered f o r each group o f samples and a c o r r e l a t i o n 

t ab l e o b t a i n e d . Separate runs , w i t h T. p u s i l l u s o r P. muscorum as the dependent 

v a r i a b l e and a l l independent v a r i a b l e s as f r e e v a r i a b l e s ( i . e . f r e e t o en te r the 

e q u a t i o n ) , p rovided a general view o f which were the impor tan t v a r i a b l e s . . 

The c o r r e l a t i o n mat r i ces c o n t a i n many h i g h va lues , l a r g e l y due t o . t w o 

v a r i a b l e s be ing s i m i l a r . Using the c o r r e l a t i o n m a t r i x f o r 30 woodland'samples 

as an example, the presence o r absence o f grass i s c o r r e l a t e d w i t h the d r y 

weight o f grass and the dry weight o f t r ee l e a f l i t t e r i s c o r r e l a t e d w i t h 

the depth o f l i t t e r ( t a b l e 3 n ) . Other h i g h c o r r e l a t i o n s are due t o a cause 

and e f f e c t r e l a t i o n s h i p ; f o r i n s t a n c e , the heav ie s t shading was always due to 

a dense cover o f bramble and the dry weigh t o f t r ee l e a f l i t t e r may be c o r r e l 

ated w i t h the d r y weight o f wood because the l a t t e r serves to o b s t r u c t the 

l i t t e r which t h e r e f o r e accumulates. Some p a i r s o f v a r i a b l e s are s i g n i f i c a n t l y 

n e g a t i v e l y c o r r e l a t e d , l a r g e l y due to the presence o f one o c c u r r i n g main ly i n 

the absence o f the o t h e r . There i s , for example, l i t t l e l e a f l i t t e r i n the 

graBS h a b i t a t . 
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A v a r i a b l e e n t e r i n g the r eg res s ion equat ion may lower the F value o f 

another w i t h which i t i s h i g h l y c o r r e l a t e d . I n such c i rcumstances , o n l y one 

o f the c o r r e l a t e d v a r i a b l e s should have the s t a tus o f a f r e e v a r i a b l e . Var i ab le s 

can be de le t ed f r o m the r eg re s s ion e q u a t i o n by means o f a c o n t r o l / d e l e t e ca rd . 

A l l independent v a r i a b l e s were p l o t t e d aga ins t T. p u s i l l u s and P. muscorum 

and some w i t h o the r independent v a r i a b l e s , on s c a t t e r diagrams t o a i d i n t e r 

p r e t a t i o n o f t h e i r r e l a t i o n s h i p s . The o n l y data a l t e r e d i n any way be fo r e 

they were entered i n t o the m u l t i p l e r eg ress ion were the water contents o f the 

s o i l samples. The second t h i r t y samples were ad jus t ed so t h a t they had the same 

mean as the p rev ious samples. Th i s seemed l e g i t i m a t e as the values had smal l 

s tandard d e v i a t i o n s and were u n l i k e l y t o be o f much use when separated i n t o 

two d i s t i n c t ranges. The water contents o f the whole l i t t e r and bramble 

samples were t r i e d i n the ana lys i s w i t h bo th o r i g i n a l and s i m i l a r l y ad jus t ed 

va lues . Viewed separa te ly (diagrams 3a and 3 b ) , the p o i n t s f o r bramble and 

l i t t e r , when p l o t t e d as a f u n c t i o n o f d ry weight o f whole sample, fo rm two 

d i f f e r e n t p a t t e r n s . When the water conten ts o f the samples are p l o t t e d i n the 

u n a l t e r e d f o r m , those o f the bramble samples describe a s t r a i g h t l i n e r e l a t i o n 

between water con ten t and d ry we igh t o f sample, w h i l s t those o f the l i t t e r 

samples fo rm a s ca t t e r ed c l o u d . When the ad ju s t ed values o f water contents 

o f the samples are p l o t t e d aga ins t the d ry we igh t o f the whole samples, the 

s c a t t e r o f p o i n t s o f the bramble samples breaks i n t o two components, l a r g e l y 

c o i n c i d i n g « . t h the two batches o f samples taken , and the s c a t t e r o f p o i n t B 

r e l a t i n g t o the l i t t e r samples becomes v e r t i c a l l y compressed. The s i g n i f i c a n c e 

o f these d i s t r i b u t i o n s i s considered i n l a t e r d i s c u s s i o n . 

From study o f the c o r r e l a t i o n ma t r i ces and f rom the nega t ive e f f e c t o f 

grass areas i n the woodland s i t e on the d i s t r i b u t i o n o f P . muscorum, i t was 

decided t h a t the grass h a b i t a t was somewhat set apar t f r o m the o ther two 

main woodland h a b i t a t s s t u d i e d , and the regress ion was run . . f i r s t l y i n c l u d i n g , 

and then e x c l u d i n g , the ten grass h a b i t a t samples. This scheme was a l so 

necessary t o b r i n g i n three v a r i a b l e s which i t was o n l y pos s ib l e to measure i n 

the l i t t e r and bramble h a b i t a t s : d ry we igh t o f whole sample, water con ten t o f 

whole sample and dry we igh t o f F & H l a y e r s . 

The samples f r o m the mown area a t the grassland s i t e were devoid o f 

woodl ice (except f o r one P . muscorum) and were excluded f r o m the f i n a l runs . 
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samples from the bare l i t t e r hab i ta t , c i r c l e s from bramble. 
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( I I ) Resu l t s o f stepwise r eg ress ion 

WOODLAND 

a) T. p u s i l l u s 

30 SAMPLES 

( i ) No v a r i a b l e entered the regress ion equat ion w i t h a s i g n i f i c a n t v a l u e . 

The d ry we igh t o f t r ee l e a f l i t t e r became s i g n i f i c a n t when the dry weight o f 

wood en te red the equa t ion . 

STEP 2 

(constant=58.12598) 
c o e f f i c i e n t 

d r y we igh t o f t r e e 
l e a f l i t t e r 3.23013 

d r y weight o f wood -2.26282 

standard 
e r r o r 

1.52699 

1.34199 

F to 
remove S i g n i f i c a n c e Leve l 

4.4747 

2.8432 

95% 

i n s i g n i f . 

R • 0.1500 ( increase i n R s ince s tep 1 •» .0895) 

20 SAMPLES (grass h a b i t a t samples excluded) 

( i i ) STEP 1 

(cons tan t=»30 .74059) 
c o e f f i c i e n t 

d r y we igh t o f t r ee 
l e a f l i t t e r 2.61784 

„2 0.2117 

s tandard 
e r r o r 

F t o 
remove 

1.19074 4.8334 

S i g n i f i c a n c e Leve l 

95% 

STEP 2 

(cons t a n t « 8 5 . 7 7 4 7 5 ) 

d r y we igh t o f t r e e 
l e a f l i t t e r 3.94283 

shading 41.94522 

1.22177 10.4145 

18.47749 5.1532 

R = .3951 ( increase i n R = .1834) 

99% 

95% 

b) P. muscorum 

30 SAMPLES 

( i ) STEP 1 

(constant"2.90000) 
c o e f f i c i e n t s tandard F to 

e r r o r remove S i g n i f i c a n c e Leve l 

H a b i t a t grass -2.69999 0.79305 11.5910 99% 

R 2 - 0.2928 
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( i i ) W i t h h a b i t a t grass de l e t ed : 

(cons t a n t ° 2 . 8 6 200) 
c o e f f i c i e n t 

d r y weigh t o f grass -0.29487 

standard F t o 
e r r o r remove S i g n i f i c a n c e Leve l 

0.08828 11.1565 99% 

R = 0.2849 

( i i i ) W i t h d ry we igh t o f grass and h a b i t a t grass de l e t ed : 

STEP 1 

( c o n s t a n t s . 7 6 3 8 5 ) 

d r y we igh t o f t r ee 
l e a f l i t t e r 0.14618 0.0493.4 8.7760 99% 

STEP 2 

(constant=0.22313) 

d r y we igh t o f t ree 
l e a f l i t t e r 0.16410 

d r y weigh t o f bracken 0.063931 

0.04625 12.5894 

0.26712 5.7280 

R 2 » 0.3719 ( inc rease i n R 2 = .1333) 

99% 

95% 

20 SAMPLES 

No v a r i a b l e s were s i g n i f i c a n t i n the equa t ion a t s tep 1 . 

( i ) W i t h the ad ju s t ed values o f sample water contents i n use: 

STEP 1 

(constant=6.39030) d r y 
we igh t o f F & H 

l aye r s -0.01039 
„ 2 0.1955 

0.00497 4.3742 no t s i g n i f . 

STEP 2 

(cons tant=-3.55105) 

d ry we igh t o f F & 
H l aye r s -0 .01181 

water con ten t o f 
sample 0.05759 0.10425 2.2850 

0.00489 5.8351 

R 2 = .2908 ( increase i n R 2 = .0953) 

( i i ) Wi th the o r i g i n a l water contents o f samples used: 

STEP 2 

( c o n s t a n t s . 58181) 

d ry we igh t o f F & 
H l a y e r s -0.01157 0.00487 5.6500 

d r y we igh t o f t r ee 
l e a f l i t t e r 0.10083 0.06729 2.2451 

R 2 => .2984 ( increase i n R 2 « .0939) 

95% 

not s i g n i f . 

95% 

no t s i g n i f . 
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GRASSLAND 

a) T« p u s i l l u s 

30 SAMPLES 

( i ) STEP 1 

( c o n s t a n t s . 6 1 6 9 9 ) 
c o e f f i c i e n t 

d r y we igh t o f t r ee 
l e a f l i t t e r 3.58831 

R 2 

standard F t o 
e r r o r remove S i g n i f i c a n c e L e v e l 

0.86643 17.1520 

.3799 

99% 

STEP 2 

( c o n s t a n £ = - 2 . 2 4 1 2 4 ) 

d ry weigh t o f t r ee 
l e a f l i t t e r 

d r y weight o f grass 

3.98934 

0.06501 

.5528 ( increase i n R 

0.75947 27.5918 

10.4416 

.1729) 

0.02012 
2 

99% 

99% 

STEP 3 

( c o n s t a n t s . 90593) 

dry weigh t o f t r e e 

l e a f l i t t e r 3.5018 

d ry weigh t o f grass 0.05715 

mown area -1,63430 

0.95917 

0.02266 

2.10472 
2 R • .5629 ( increase i n R • 

13.6227 

6.3601 

0.6029 

.0101) 

99% 

95% 

i n s i g n i f . 

20 SAMPLES 

( i ) STEP 1 

(constant=2.87068) 

d ry weigh t o f t r ee 
l e a f l i t t e r 2.72252 

R 2 = .2209 

1.20523 5.1028 95% 

STEP 2 

(constant—1.19035) 

dry weigh t o f t r ee 
l e a f l i t t e r 

d ry weight o f grass 

3.69256 

0.05846 

1.19892 

0.02792 
2 R = .3806 ( increase i n R -

9.4858 

4.3833 

.1597) 

99% 

i n s i g n i f . 
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STEP 3 

(cons tan t=- l .38696) 
c o e f f i c i e n t 

dry we igh t o f t r ee 

l e a f l i t t e r 3.77335 

d ry we igh t o f grass 0.04809 

tussock/gap 1.08496 

standard 
e r r o r 

1.30458 

0.06130 

5.77825 

F to 
remove 

8.3059 

0.6155 

0.0366 

S i g n i f i c a n c e Leve l 

95% 

i n s i g n i f . 

i n s i g n i f . 

R - .3820 ( increase i n R » .0014) 

b) P. muscorum 

30 SAMPLES 

( i ) STEP 1 

(cons t a n t = - l . 8 3 5 2 1 ) 

d r y we igh t o f grass 0.20032 0.02889 48.0806 

R .6320 

99% 

STEP 2 

(cons tant=0.0122 3) 

dry we igh t o f grass 0.18620 

mown/unmown area -3.89665 

0.02930 

2.35346 
2 R • .6659 ( increase i n R = 

40.3865 

2.7414 

,0339) 

99% 

no t s i g n i f . 

( i i ) Wi th mown/unmown d e l e t e d : 

STEP 2 

(constant=-4.01582) 

d r y we igh t o f grass 0.20775 

d ry we igh t o f t ree 
l e a f l i t t e r 

0.02851 

1.07611 

53.1060 

2.5431 1.71510 

I 2 = .6637 ( increase i n R 2 - 0.0317) 

99% 

not s i g n i f . 

20 SAMPLES 

( i ) STEP 1 

(constant=.014912) 

dry weight o f grass 0.18925 
2 

.6100 

STEP 2 

(cons tant=-0 .47200) 

d r y we igh t o f grass 0.10854 

tussock/gap 7.89505 

0.03566 28.1573 

0.08144 1.7752 

1.2118 

R* = .6360 ( increase i n R ' » 0.0259) 

7.17197 
.2 

99% 

n o t s i g n i f . 

n o t s i g n i f . 
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3.2 P i t f a l l trapping 

The t o t a l numbers of T. p u s i l l u s and P. muscorum collected i n each j a r 
are plotted against the numbers of predators and p i l l - m i l l i p e d e s i n diagrams 
3c-3j. Jar 1 and j a r 35 are omitted from a l l consideration of r e s u l t s as 
there i s a bilateral: . interference from neighbouring j a r s affecting a l l j a r s 
in the transect except these two. The t o t a l numbers of P o r c e l l i o scaber and 
Oniscus a s e l l u s collected over the whole trapping period were too low to 
analyse meaningfully. 

There i s need for caution in the interpretation of p i t f a l l data. The 
numbers of any species of animal collected are affected by the s i z e of the 
population, the a c t i v i t y of the animals and the likelihood of them f a l l i n g 
into a trap when they encounter one. The way in which a trap i s set w i l l 
a f f e c t the r e s u l t s , as w i l l the type of vegetation. I t i s quite possible 
that, during the short trapping period i n the present work, certain species of 
animal were not a c t i v e . The data are analysed here only to form a general 
picture of the r e l a t i v e dispersion of the woodlice and other animals around 
the transect. There i s probably also a large amount of error due to the 
d i v e r s i t y of the vegetation. The vegetation and structure of the transect 
area i s portrayed diagrammatically (diagram 3k), using the data for the area 
within \ metre of each trap, beneath which i s a histogram of the numbers of 
each species of animal along the transect. 

I n diagram 3c, there i s some degree of correlation and value significance 
between the numbers of T. p u s i l l u s and Staphylinid beetles. The s c a t t e r of 
points i s very wide and i t i s l i k e l y that a portion of this correlation i s 
due to there being a large quantity of many forms of potential prey for 
staphylinids at those locations where there were most T. p u s i l l u s (hence, 
there would be an a t t r a c t i o n for the staphylinids whether or not T. p u s i l l u s 
was predated), and also due i n part to some j a r s being better set to trap 
l i t t e r dwellers generally. 

There i s no c l e a r r e l a t i o n between numbers of T. p u s i l l u s and numbers 
of carabid beetles (diagram 3d) and numbers of shrews (diagram 3e) but some 
degree of correlation does emerge between T. p u s i l l u s and Glomeris marginata 
(diagram 3 f ) . 

None of the plots of numbers of P. muscorum against numbers of other 
animals show a relationship between the two species (diagrams 3g-3j). 
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3,3 Feeding Experiments 

As there was d i f f i c u l t y in assessing the quantities of food eaten i n 
the T. p u s i l l u s preference feeding experiment, the re s u l t s are not analysed 
to the same extent as those of the experiments using P. museorum. Diagram 3L 
summarises the quantity of each species consumed (taken as averages over the 
s i x r e p l i c a t e s ) over a 23-day period. Further r e s u l t s are riot included as 
the condition of the food would have been altered by decomposition over a 
longer period of time, i f i t had not been already. I n order to plot the 
diagram, the five stages of progressive consumption were equivalated. to 5%, 
25%, 50%, 75% and 95%. 

I t can be seen that the grass was consumed at a greater rate than the 
tree leaf species, of which sycamore was the preferred species, although only 
40% had been consumed by the end of the experiment. 

The r e s u l t s of the preference feeding experiments, using P. muscorum 
from the woodland s i t e i n the f i r s t s i x r e p l i c a t e s and P. muscorum from the 
grassland s i t e i n the second s i x , are summarised i n diagrams 3m and 3n. I n 
addition, the amounts of each of the f i v e species of l e a f consumed during the 
experiments are summarised i n diagrams 3o-3x. I t can be seen from these 
diagrams that different average proportions of the different l e a f species had 
been eaten by the end of the experiment. The situation i s complicated by 
the fact that different quantities of each species were eaten i n the different 
r e p l i c a t e s . The average t o t a l quantities of grass and sycamore eaten i n the 
f i r s t s i x replicates are both very high but the rate at which they were eaten 
d i f f e r s . After one day, only an average of about 3% of the grass i n each 
re p l i c a t e was eaten, compared with an average of 55% of the sycamore. After 
two day8, 18% of the grass was eaten and 77% of the sycamore. I t can also 
be seen from diagrams 3o-3x that leaf species that were not, on average, 
t o t a l l y consumed were i n fac t eaten much more readily i n some replicates 
than i n others. For example, the beech i n the second experiement (diagram 3r) 
i s t o t a l l y consumed i n four days i n r e p l i c a t e 5 and yet i s barely eaten i n 
re p l i c a t e 3. The amount of beech i n this former rep l i c a t e eaten a f t e r two 
days, exceeds the average quantity eaten a f t e r the same period of oak, the 
specie8 that appears to be favoured i n diagram 3n. 

The r e s u l t s of the quantitative feeding experiments are l i s t e d i n table 
3q. 

When an animal was found dead i n a container, i t was considered for 
s i m p l i c i t y not to have eaten at a l l during the previous day and the number of 
feeding days reduced by one. 
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DIAGRAM 3L. Graph showing the average d a i l y accamulative t o t a l percentages 
eaten by f i v e T. p u s i l l u s o f segments o f f i v e d i f f e r e n t l e a f species over 
a period of 23 days. The averages are calculated from 6 r e p l i c a t e s . 



100 grass 

sycamore 

oak 
80 birch 

60 

t/l 

S 4 0 

beech 

20 

3m 
aays 

100 
oak 
birch 

80 
beech 

grass -P60 

sycamore 

35 AO 

20 

1 8 3n 
days days 

DIAGRAMS 3m and 3n. Graphs showing the d a i l y , accumulative, t o t a l 
percentages (averaged over 6 r e p l i c a t e experiments) eaten by P. 
muscorum of segments of 5 species of l e a f . 3m depicts experiments 
using ?~. muscorum c o l l e c t e d from the woodland and 3n specimens from 

grassland. 
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DIAGRAMS 3o and 3p. Graphs showing the d a i l y accumulative t o t a l percentages 
of segments of oak leaves eaten by P. musco'rum. Each numbered l i n e represent 
a r e p l i c a t e experiment, those i n graph 3o using specimens c o l l e c t e d from 
woodland and those i n 3p specimens from grassland. 
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DIAGRAMS 3q and 3r. Graphs showing the d a i l y accumulative t o t a l percentages of 
segments of beech leaves eaten by P. muscorum. Each numbered l i n e represents 
a r e p l i c a t e experiment, those experiments depicted i n 3q using specimens c o l l e c t e d 
from woodland and those i n 3p specimens from grassland. 
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DIAGRAMS 3s and 3 t . Graphs showing the d a i l y accumulative t o t a l percentages 
of segments o f sycamore leaves eaten by P. muscoriim. Each numbered l i n e 
represents a r e p l i c a t e experiment, those i n 3s using specimens c o l l e c t e d 
from woodland and those depicted i n 3t specimens from grassland. 
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DIAGRAMS 3u and 3v. Graphs" showing the d a i l y accumulative t o t a l percent
ages of segments of b i r c h leaves eaten by P. muscorum. Each numbered 
l i n e respresents a r e p l i c a t e experiment, those experiments depicted i n 
graph 3u using specimens from woodland and those i n 3v specimens ;from 
grassland. 
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ages of segementsof gr-ass: leaves eaten by P. muscorum. Each numbered l i n e 
represents a r e p l i c a t e experiment, those depicted i n graph 3w using 
specimens c o l l e c t e d from woodland and those i n 3x specimens from grassland 
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3.4 Developmental Studies 

The head-width measurements of the P. muscorum from the samples are 
arranged i n diagrams 3y and 32, each column representing a s i z e c l a s s . Peaks 
in the histogram represent different stadia. 

The stadia of each of the woodland and grassland animals were separated 
into those with head widths of 5.5 micrometer units and bigger, and those 
smaller than this measurement. A x 2 t e s t was used to test the Null Hypothesis 
that any difference i n the r e l a t i v e proportion of animals from each s i t e , i n 
the above size c l a s s e s , was due to chance. A contingency table (table 3r) 
was constructed and the expected (e) values calculated from the marginal 
t o t a l s of observed ( o ) . 

TABLE 3r Woodland Grassland Total observed 

Smaller than 5.5 
micrometer units: 

observed 40 87 127 
expected 32.254 94.746 

5.5 micrometer units 
and larger: 

observed 8 54 62 
expected 15.746 46.254 

TOTAL (observed) 48 141 189 

X 2 a S ^ r ^ = 7.60 with one degree of freedom 

The value of P i s l e s s than 0.01 and the difference i n the s i z e c l a s s 
structure of the populations i s highly s i g n i f i c a n t l y greater than would be 
expected to occur by chance. 

The head width was also taken as a measure of the s i z e of individuals 
to assess the r e l a t i v e development of young P. muscorum i n the culture 
experiment. The means and standard error of each group of animals are very 
s i m i l a r but su r v i v a l was greater i n the wood land.culture* 

Survival out Mean head Standard error 
of 40 width of mean 

Woodland 28 8.07 .104 
Grassland 21 8.09 .133 
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A x t e s t was used to te s t the Null Hypothesis that any difference i n the 
r e l a t i v e proportion of animals surviving i n each group was due to chance. 
A contingency table was used, i n the manner described for the previous t e s t , 
to calculate the expected values from the marginal totals of the observed 
values. 

The resulting x 2 value of 2.58 has (with one degree of freedom) a P 
value of between 0.95 and 0.05 and the Null Hypothesis i s maintained, 

A tet e s t was applied to test the Null Hypothesis that the difference 
between the two mean values of head widths i s due to chance. 

x - x 
t» = = •» . 103980 with 47 degrees of freedom 

S / { ( l / n i + l / n 2 ) } 

where x^ = mean for f i r s t (woodland) group, x^ • mean for second (grass
land) group, S • standard deviation (taken over a l l individuals) and n^ and 
n 2 are number of f i r s t and second group of samples respectively. 

The value of P i s greater than .10 and the Null Hypothesis i s maintained. 
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CHAPTER 4 

DISCUSSION 

A.1 Sampling Programme 

a) Woodland s i t e 
The d i s t r i b u t i o n of T. p u s i l l u s , deduced from the l a s t t h i r t y samples, 

possesses a high degree of contagion. The index of dispersion f a l l s i n value 
from 51.54 to 30.12 when only the samples from the l i t t e r and bramble areas 
are considered, but i t would be uncautious to suggest there i s ampre contagious 
dispersion i n the grass habitat on the evidence of only two peaks i n numbers 
in the latter.. . 

The stepwise regression programme produced no. s i g n i f i c a n t r e s u l t at 
step 1 but at step 2 the dry weight of tree leaf l i t t e r i s s i g n i f i c a n t at 
the 95% level (with a positive c o e f f i c i e n t ) , where there i s an interaction w i t h 

2 
the dry weight of wood. The two variables together have an R value of 
.1500 ( i . e . they account f o r 15% of the v a r i a t i o n i n numbers of T. pusilluB). 
I t i s interesting that the c o e f f i c i e n t of the dry weight of wood i s negative 
(although the calculation i s not s i g n i f i c a n t at the 95% l e v e l ) , as the dry 
weight of tree leaf l i t t e r and dry weight of wood are s i g n i f i c a n t l y p o s i t i v e l y 
correlated (table™ ) . As a res u l t of this correlation, the two variables 
are, to a small extent, accounting for the same v a r i a t i o n i n numbers of 
T. p u s i l l u s , although ov e r a l l the e f f e c t of the dry weight of wood on the 
numbers of animals i s negative. I t appears, therefore, that the dry weight 
of tree leaf l i t t e r i s of some importance i n aff e c t i n g the d i s t r i b u t i o n of 
T. pusillus and that the wood has no direct s i g n i f i c a n t e f f e c t but tends to 
occur most where the quantity of leaf l i t t e r i s greater. 

When twenty samples from the l i t t e r and bramble areas are subjected to 
regression analysis, the (dry weight of) tree leaf l i t t e r enters the step 1 
equation with a positive c o e f f i c i e n t and at the 95% significance l e v e l . 
Shading enters the step 2 equation with a positive c o e f f i c i e n t and 95% s i g n i f i 
cance level and the c o e f f i c i e n t and significance level of the tree leaf 
l i t t e r both increase from the step 1 values. The two variables together 
account f o r 39.5% of the v a r i a t i o n i n numbers of T. p u s i l l u s , an increase 
i n R from step 1 of .1834. From table36 , i t can be seen that the heaviest 
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shading i s due to the presence of bramble, and yet t h i s l a t t e r i s s i g n i f i 
cantly negatively correlated with tree leaf l i t t e r . I t would be expected 
that bramble stems would impede the movement of f a l l e n leaves and cause them 
to s e t t l e . That there i s i n a c t u a l i t y less leaf l i t t e r accumulated under the 
bramble than i n the bare l i t t e r areas means l i t t l e without knowledge of the 
speed with which leaves decompose and are eaten i n the two habitats. A 
cover of bramble may also impede the movement of a i r and thus maintain an 
enclosed humid atmosphere over the ground. Although the samples with 
highest water content (expressed as a percentage of t o t a l fresh weight -
see the d i s t r i b u t i o n in r e l a t i o n to y-axis i n diagram 3b) are from the 
l i t t e r habitat, there may be a steeper and longer gradient of moisture through 
the depth of these samples, due to the drying effects of moving a i r and 
insolation at the surface, and to a greater depth of the underlying F and H 
layers. This l a s t character was not measured d i r e c t l y , but i s l i k e l y related 
to the whole weight of the samples (see d i s t r i b u t i o n of points i n r e l a t i o n 
to the x-axis i n diagrams 3a and 3b). Drier conditions i n the surface layers 
i n the bare l i t t e r habitat would l i m i t the a c t i v i t y of the animals and the 
p a l a t a b i l i t y of the tree leaf l i t t e r , e f f e c t i v e l y reducing the useful 
proportion of the l i t t e r . On balance, the shading provided by bramble 

2 
increased the R to an extent that more than compensated for the lesser 
quantities of tree leaf l i t t e r . Whatever the differences between the bare 
l i t t e r and bramble habitats, the mean numbers of animals per sample are 
remarkably s i m i l a r , being 64»2±S.E.13.6 and 59.9±S.E.13.9 respectively. 

The whole argument concerning the int e r a c t i o n between the weight of 
the tree leaf l i t t e r and shading i s conjectural beyond the statement that 
these two variables account f o r more v a r i a t i o n i n the numbers of T. pu s i l l u s 
per sample than the other variables considered. 

2 
From the low R values obtained, i t i s evident that no explanation of 

the cause(s) of aggregation can be formulated. Reasons for t h i s may include 
the neglect of variables that affect T. p u s i l l u s , the method by which those 
variables included i n the study were recorded, the low sample number, the 
unit area of the samples and the method of analysis. Considering the size 
of the a n i m a l , l i t i s possible that a smaller u n i t sample area and a larger 
number of samples would be necessary to determine the dispersion i n any 
d e t a i l . I n such a study, the deta i l s of the environment such as the nature 
of i n d i v i d u a l leaves or small pockets of high humidity may assume importance. 
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The d i s t r i b u t i o n of P. urnscorurn In the second woodland si t e i s mainly 
r e s t r i c t e d to the bare l i t t e r and bramble habitats, as only two individuals 
were collected from the grass habitat. The x 2 test of dispersion f o r the 
twenty samples from the bare l i t t e r and bramble habitats results i n a x 2 

of 39.93, the P (pr o b a b i l i t y ) value of which l i e s between .01 and .001 and 
the index of dispersion i s 2.1. The d i s t r i b u t i o n therefore shows a. degree of 
contagion less than that found i n the d i s t r i b u t i o n of T. pu s i l l u s . 

In the stepwise regression on the t h i r t y woodland samples, the 
predominance of grass ( i . e . the q u a l i t y by which the grass habitat sarapfes 
were defined) entered the step 1 equation, with a negative c o e f f i c i e n t , at 
the 99% significance l e v e l , as would be expected due to the v i r t u a l absence 
of P. muscorum i n the grass habitat. When thi s variable was deleted i n . 
the following run, the dry weight of grass entered the step 1 equation at 

2 
the same high significance level and produced an almost i d e n t i c a l R . The 
above two variables are both s i g n i f i c a n t l y negatively correlated with both 
dry weight of tree leaf l i t t e r and depth of l i t t e r and thus the former 
variables are accounting i n part of the same v a r i a t i o n i n the numbers of P. 
museorurn as the l a t t e r variables. When the variables grass habitat and dry 
weight, of grass are both deleted from the equation, the dry weight of tree 
leaf l i t t e r enters the step 1 equation (at the 99% significance l e v e l , with 

2 
an R of.24) and bracken enters at step 2 at the 95% significance levd, 

2 
increasing the R value to .37. Both variables have a positive c o e f f i c i e n t and 
some of the v a r i a t i o n accounted for must correspond to that accounted f o r by 
the grass variables. 

The importance of the tree leaf l i t t e r to a l i t t e r dweller i s manifest 
and need not be discussed at length here, but the importance of dry weight of 
bracken to P. muscorum i s harder to understand. No s i g n i f i c a n t negative 
correlation exists between bracken and habitat grass or dry weight of grass 
(table 3n ) , so i t i s unlikely that a spurious.regression has been generated 
by deleting the two l a t t e r variables. Neither i s bracken s i g n i f i c a n t l y 
correlated to any variable except the score of oak. There i s therefore 
nothing to indicate whether bracken, as a component of the l i t t e r , i s d i r e c t l y 
a f f e c t i n g the d i s t r i b u t i o n of P. muscorum or whether they are linked through 
a second variable. 

In the stepwise regression on the twenty samples from the bare l i t t e r 
and bramble habitats, the dry weight of F & H layers enters the step 1 equation 
with a negative c o e f f i c i e n t and below the 95% significance l e v e l . When the 
adjusted values of water contents of the samples are used i n the analysis, 
they enter the step 2 equation with a positive c o e f f i c i e n t and below the 
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95% significance level, increasing Che significance of the dry weight of F 
and H layers to the 95% level and the amount, of vari a t i o n accounted for to 
29%. This i s despite a si g n i f i c a n t (at 95% level) positive correlation 
(table 3o) between the two variables. By comparing the two scatter diagrams 
3a and 3b, i t can be seen that a complex relationship exists between the 
whole sample dry weight and sample water contents and the former can be 
taken as being nearly equivalent to weight of F and H layers (table 3o). 
The date at which the f i r s t h alf of the samples were taken, followed a period 
of f a i r l y low r a i n f a l l (see table 4a) which continued past the dates when 
the second half were taken, over two weeks l a t e r (none of the July rain 
having f a l l e n by then). The dr i e s t samples were accordingly amongst the 
second batches taken, but a l t e r i n g the values of the second batches so that 
the means equal those of the f i r s t batches, i n order to negate the ef f e c t of 
the dry weather, results i n breaking a nearly s t r a i g h t - l i n e spread of points 
for bramble (diagrams 3a and 3b). The unadjusted spread of bramble points 
probably r e f l e c t s the truer relationship between dry weight and water content 
of samples, the cover having prevented much evaporation of water from the 
l i t t e r surface. No clear relationship exists between the dry weight and 
water content of the bare l i t t e r habitat samples, whether or not adjusted 
values of water content are used, and the cloud of points i s basically 
separate from those representing the bramble samples, the l a t t e r being d r i e r 
and l i g h t e r . The combining of the bare l i t t e r and bramble habitat data i s 
masking the r e l a t i o n between water content and whole weight i n the bramble 
habitat samples, and the role of the adjusted water content of samples i n 
the stepwise regression must be suspect, i f not useless. 

When the o r i g i n a l values of water content of samples are used i n the 
regression analysis, the dry weight of tree leaves enters the step 2 equation 

2 
(at below 95% significance) increasing the R from .0939 to .2894 (and the 
water content of samples has a very low F to enter \alue). Thus, as 
determined by the methods of t h i s study, the dry weight of the F and H layers 
and the dry weight of tree leaf l i t t e r account for 29% of the v a r i a t i o n i n 
numbers of P. muscorum i n the part of the study area i n which i t i s d i s t r i b u t e d , 
but there are i n s u f f i c i e n t samples to f u l l y understand the r e l a t i o n between 
dry weight of F and H layers and' the water content of the sample. As wit h 
T. p u s i l l u s , the mean number of animals per sample i n the bare l i t t e r and 
bramble habitats Tare very s i m i l a r , being 3.0±S.E..87 and 2.8±S.E..73 
P. muscorum respectively. 

file:///alue


Monthly mean Total monthly 
temperature r a i n f a l l 

\J mm. 

Average 1916-1950: 

A p r i l 7.4 43.2 
May 10.1. 51.3 
June 13.2 45.7 
July 15.3 70.9 

1975 

A p r i l 
May 
June 
July 

7.7 
7.9 

13.1. 
15.9 

76.5 
49.6 
24.8 
61.5 

TABLE 4a. Details of r a i n f a l l and 
temperature recorded i n Durham 
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The d i s t r i b u t i o n of T. pus i l l u s and P. muscorum i n the grassland s i t e 
i s basically r e s t r i c t e d to the unmown area, as there were no T. puai l l u s and 
only one P. muscorum collected from the l a s t ten samples from the mown area 
i n early July, and only one and three individuals of these species respect
ively during the e a r l i e r sampling at the beginning of May, before mowing i n 
the current year. L i t t l e extra understanding of the factors accounting f o r 
the d i s t r i b u t i o n of the two species was gain from the stepwise.analysis by 
including the mown area samples, but i t would be bad practise to decide a 
p r i o r i that any p a r t i c u l a r variable was the 'obvious' cause of the absence 
of woodlice from these samples. Without the analysis of variation w i t h i n the 
unmown habitat, one may have considered the "mown/unmown area" variable to 
account for most va r i a t i o n i n the numbers of woodlice; ( t h i s was not the case). 

The d i s t r i b u t i o n of T. pusillus i n the l a s t twenty samples from the 
unmown area shows a high degree of contagion, the index of dispersion being 
5,38 and the x 2 value, from the t e s t of dispersion over 102 (with a P value 
of <.001). This i s not due to the woodlice occur!ng i n only the tussock 
or gap samples as the mean number of animals i n the tussock and gap samples 
i s 7.5±S.E.1.87 and 6.31S.E, 1.88 respectively and the index of dispersion 
5.73 f o r the tussock and 5.50 for the gap. The dis t r i b u t i o n s i n the two types 
of sample are remarkably similar i n view of the s i g n i f i c a n t l y greater 
quantities of leaf l i t t e r i n the gap samples and of grass i n the tussock 
samples (see tables 3j and 3k), and of the differences i n the physical 
environment that must e x i s t . 

From the results of the stepwise regression analysis on t h i r t y samples, 
i t i s evident that the dry weight of tree leaves accounts f o r 38% of the 
va r i a t i o n i n numbers of T. pusillus (step 1) and the dry weight of grass 
another 17% (step 2). Both coefficients are positive and both F values 
equivalent to 99% significance. The mown/unmown variable (step 3) contributes 

2 
l i t t l e more to the R but reduces the significance level of the dry weight 
of grass. The differences of dry weight of tree leaf l i t t e r and p a r t i c u l a r l y 
of dry weight of grass are therefore a nearly complete description of the 
differences between the mown and unmown areas ( i n terms of the variables 
included i n the analysis) that account f o r v a r i a t i o n i n the numbers of T. 
pusill u s . (The dry weights of grass and of tree leaves do not, however, 
f u l l y describe the contribution of grass and tree leaf l i t t e r to the habitat, 
without some indication of pattern, species, seasonality and condition.) 
When only the twenty samples from the unmown area are included i n the 
regression analysis, the dry weight of leaf l i t t e r enters step 1, with a 

2 
positive c o e f f i c i e n t , at the 95% significance level and produces an R of .2209. 
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The weight of grass enters at step 2 with a f a i r l y high but not s i g n i f i c a n t 
F value and a positive c o e f f i c i e n t and the F value of the dry weight of tree 
leaf l i t t e r improves aa there i s some degree of negative correlation (though 
not s i g n i f i c a n t at the 95% level - see table3p) between these two variables. 

2 
There i s an increase i n R of .1597, so that 38% of the v a r i a t i o n i n numbers 
of T. pu s i l l u s i s thus accounted f o r . When the variable "tussock/gap" enters 
the step 3 equation, the F value of the dry weight of grass i s greatly 
reduced but the F value of the dry weight of tree leaf l i t t e r t o a f a r lesser 
extent. The larger interaction between the tussock/gap variable and the dry 
weight of grass indicates that the v a r i a t i o n i n numbers of T. pu s i l l u s 
accounted for by the l a t t e r was pa r t l y a var i a t i o n between numbers i n tussock 
and gap samples. The dry weight of leaf l i t t e r , the F value of which i s 
altered less by the entry of the tussock/gap variable i n t o the equation at 
step 3, i s mainly accounting for v a r i a t i o n between individual samples, not 
between the types of sample. 

The v i r t u a l absence of P. muscorum from the mown area at the grassland 
s i t e r e s t r i c t s meaningful analysis of d i s t r i b u t i o n to the twenty samples from 
the unmown area, as was the case with T. p u s i l l u s . 

The x 2 test of dispersion i n the twenty samples from the unmown area 
results i n a x 2 value of over 272, with a P value of <.001, and the index 
of dispersion i s 14.35. I n contrast to the d i s t r i b u t i o n of T. p u s i l l u s a 

P. muscorum i s mainly r e s t r i c t e d to the ten tussock samples, as there was 
only one animal i n the gap samples. This does not account f o r a l l the contagion 
i n the d i s t r i b u t i o n as the x 2 value from the test of dispersion on the ten 
tussock samples i s 55.08 (with a P value of <.001) and an index of dispersion 
of 6.12. 

I n the stepwise analysis of the t h i r t y grassland samples, the dry weight 
of grass enters the step 1 equation w i t h a positive c o e f f i c i e n t and at the 

2 
99% significance level, producing an R of .6659. When the variable "unmown" 
enters the step 2 equation (with a negative c o e f f i c i e n t and significance 

2 
Mow the 95% l e v e l ) , the R i s only increased by .0339 and the F value of 
the dry weight of grass remains high (at the 99% .significance l e v e l ) . Of 
the variables entered i n the analysis, i t i s the dry weight of grass that i s 
accounting f o r the most v a r i a t i o n i n the numbers of P. muscorum, and a 
fr a c t i o n of th i s is the same as some of the small amount accounted f o r by the 
"mown/unmown area" variable. 



34 

When the twenty samples from the unmown area are analysed by stepwise 
regression, the dry weight of grass enters the step 1 equation with a 

2 
positive c o e f f i c i e n t and at the 99% significance level, the r e s u l t i n g R 
being .6100. The 'tussock/gap" variable enters the step 2 equation (with a 
positive c o e f f i c i e n t and below the 95% significance level) only increasing 

2 
the R by 0.0259, and greatly reducing the F value of the dry weight of grass. 
The l a t t e r i s therefore accounting f o r much of the same v a r i a t i o n as that 
accounted f o r by the "tussock/gap" variable. 

Thus, the dry weight of grass accounts f o r 61% of the v a r i a t i o n i n 
numbers of P. muscorum i n the twenty samples from the unmown area of the 
grassland s i t e and t h i s v a r i a t i o n includes most of that between the tussock 
and gap samples. 

4.2 P i t f a l l trapping 

I t was noted i n section 3.2 that the numbers of animals collected from 
the d i f f e r e n t p i t f a l l s are affected by several factors. There i s a source 
of error i n the d i s t r i b u t i o n of each species of animal due to the d i v e r s i t y 
of the vegetation and,in comparing the d i s t r i b u t i o n of two species, the 
errors are compounded. 

From examination of diagram 3k, which shows the v a r i a t i o n i n numbers of 
animals and i n the nature of the vegetation and l i t t e r , i t i s seen that 
the numbers of T. pusillus collected from each j a r i s less i n the area of the 
transect of jar s 8-15, where t o t a l cover varied from 0 to 2 ( f o r coding, see 
section 2.4) and l i t t e r between 2 and 3, than i n the adjacent areas, where on 
one side ( j a r s 2-7) cover was higher, varying from 2 to 3, and on the other 
side ( j a r s 16-26) where there was patchy cover varying from 1 to 3 and a 
f a i r l y continuous growth of Endymion non-scriptus. I n both these adjacent 
areas, the amount of leaf l i t t e r tended to be higher than that around jars 
8-15. This evidence, i f i t i s to be trusted, supports that from the stepwise 
regression on twenty woodland samples (see section 4.1), where i t was found 
that the amount of leaf l i t t e r and degree of shading accounted f o r some of 
the v a r i a t i o n i n numbers of T. p u s i l l u s . and adds the further point that the 
quantities of leaf l i t t e r i n the bare l i t t e r ( i . e . lacking a e r i a l cover) 
habitat tend to be greater where there i s some growth of Endymion non-scriptus. 
The area with a dense cover of bramble (j a r s 2-7) does not, i n general, contain 
such large numbers of animals as the jars 16-26, although they do tend to 
increase i n number i n t o the bramble ( i . e . towards j a r 1). 
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The spread of number of T. pus i l l u s from j a r s 27-34 indicates a more 
aggregated d i s t r i b u t i o n than that i n the other general areas of the transect 
described. There are, w i t h i n the series of eight j a r s , three t o t a l s of 9 
animals and lower, and two of 32 and higher, together with three intermediate 
numbers. This area generally corresponds to that from which the ten woodland 
"grass habitat" samples were taken and amongst which there were two high peaks 
i n numbers of T. pus i l l u s (section 4.1). The exclusion of these ten samples 
from calculations reduced the index of dispersion. The evidence from the 
p i t f a l l data that T. pusillus exists i n the grass area with a d i s t r i b u t i o n 
more contagious than elsewhere i s as sparse as that obtained from analysis 
of the ten samples and, additionally, more subject to error. Despite t h i s , 
i t i s in t e r e s t i n g that there i s some agreement between the samples taken 
e a r l i e r and the p i t f a l l s . 

A conspicuous feature of the spread of numbers of P. muscorum i n the 
transect (as seen i n diagram 3k) i s the t o t a l absence of animals i n ja r s 
32-34, which are situated i n part of the transect area where grass predominates. 
There were, however, a collecti o n of numbers of P. muscorum comparable with 
those i n other areas of the transect, i n the jars 27-31, which are also i n 
the grassed area. Some of these animals may have ventured i n t o the marginal 
grass areas from the adjacent area, where there was a greater quantity of 
l i t t e r , with interspersed Eudymion, and greater cover, but the distances 
involved would be large: up to 5 metres. I t i s possible that the occurrence 
of P. muscorum i n some of the j a r s i n the grass area i s , i n p a r t , due to 
the v a r i a t i o n i n the environment. The part of the grass area where P. muscorum 
were collected i n the jars has a tendency to greater t o t a l cover but the 
differences, over the low number of jars being considered, are not large. 

The average cover over an area may be of less importance to P. muscorum 
than the presence of discrete incidences of a high degree of cover, such as 
that of j a r 30 where the bramble and ferns both achieve the highest score 
(although they are so disposed that the score of t o t a l cover i s intermediate). 

The highest peaks i n the numbers of P. muscorum a l l occur i n j a r s w i t h i n 
the part of the transect (jars 16-26) characterised by deep l i t t e r (amongst 
which Endymion i s common) and by a very patchy cover of bramble and ferns. 
(The importance of the dry weight of bracken i n the l i t t e r , as a free 
variable i n the analysis of the samples (section 4.1) i s reflected i n t h i s 
instance by the l i v i n g plants.) There are no major trends i n the d i s t r i b u t i o n 
between jars 2 and 15. This corresponds with the rather equal t o t a l numbers 
of P. muscorum collected from the ten l i t t e r and ten bramble habitat samples 
i n the e a r l i e r work. 
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Taking into account the margin of error that must e x i s t i n the data, the 
only correlations worthy of note between woodlice and other animals are those 
between the numbers of T. pusillus and the numbers of Staphylinid beetles 
(of body length greater than 6mra) and of the p i l l millipede, Glomeris 
marginata, which have r values of .676 and .608 respectively (both values 
have a corresponding P value of <.001). I t can be seen from diagrams 3c 
and 3f that there i s nothing unusual about the scatter of points. 

The correlation between T. p u s i l l u s and Staphylinids may indicate a 
real predator/prey relationship or merely that they occur i n the same places, 
possibly those areas where other species of prey l i v e . I f the beetles are 
feeding to a large extent on l i t t e r - d w e l l e r s , then other prey species may 
have similar requirements to T. pu s i l l u s . A l t e r n a t i v e l y , the correlation 
may not r e f l e c t even similar d i s t r i b u t i o n s i n T. p u s i l l u s and the Staphylinid 
beetles but that some jars trapped more animals generally, possibly because 
the rims were set at s l i g h t l y d i f f e r e n t heights i n the l i t t e r . 

The correlation between T. pusillus and p i l l millipedes may also be 
due to such spurious results but i t i s l i k e l y that these two types of animal, 
which have s i m i l a r i t i e s of ecology, w i l l l i v e i n similar places. I f t h i s 
i s the explanation of part of the high correlation, i t i s unlikely that 
competition, i f i t e x i s t s , i s affec t i n g the d i s t r i b u t i o n of either species. 

4.3 Feeding experiments 

I t can be seen from diagram 3L that T. pusillus ate a greater proportion 
of the t o t a l grass (over 80%) than of the other species of leaf offered and 
at a faster rate, p a r t i c u l a r l y during the f i r s t 10 days of the experiment. 
The changes i n rates were not as abrupt as they appear i n the diagram, as 
the percentages eaten of each piece of leaf were assessed i n wide stages and 
there w i l l be no apparent change a f t e r a stage i s reached u n t i l i t i s 
completed. 

About 40% of the sycamore was consumed and 15% of the bi r c h , whilst 
oak and beech were barely eaten at a l l . 

I t i s interesting that the animals should so readily eat the grass 
segments, not only because the grass i s a species al i e n to specimens, of 
T. pus i l l u s collected from the woodland, but, a d d i t i o n a l l y , because i t makes 
the importance of the tree leaf l i t t e r i n the stepwise analysis of the 
unmown area grassland samples (see section 4.1) seem less that of a food 
reserve. The experiment only compares the r e l a t i v e p a l a t a b i l i t y of leaves 
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of d i f f e r e n t species collected at one time of year, although i t has been 
shown to change seasonally. Another source of error i s due to the 
va r i a t i o n between leaves of the same species. I t seems also that components 
of the experiment were not i n scale, there being either too much food or 
too few animals f o r a complete set of results to be obtained before possible 
changes could occur i n the leaf segments, due to microbial decomposition. 

The results of the experiments with P. muscorum show that the order i n 
which the d i f f e r e n t species of leaf were eaten d i f f e r e d greatly when the 
experiments using specimens from the woodland and from the grassland are 
compared. The difference seems remarkable when i t i s considered that specimens 
from woodland ate more of the grass (which was a grassland species) than of 
any other species and, that the specimens from the grassland ate greater 
quantities of three tree species than of the grass species. 

The results are less remarkable when examined closer, as the average 
quantities plotted i n diagrams 3m and 3n are comprised of diverse components. 
When the plotted l i n e f o r sycamore i s studied i n diagram 3m, the impression 
i s given that almost a l l of i t was eaten during the experiment. When the 
plots of the percentages consumed of the individual sycamore segments are 
examined, i t i s seen that i n f i v e replicates almost 100% was eaten by the 
end of the experiment, but only some 45% was eaten i n replicate 3. There i s 
much d i v e r s i t y of t h i s type i n the results and i t seems most l i k e l y that this 
i s due to the d i f f e r e n t condition of the segments of the same plant species. 

There i s , however, s t i l l some indication of preferences being made i n 
the experiment. I n the f i r s t experiment, using P. muscorum from the woodland, 
the average t o t a l quantity of sycamore eaten was s l i g h t l y lower than that of 
grass, which approaches 100%. The rate at which the segments of sycamore 
were eaten was much greater than the rate of consumption of the grass segments 
(e.g. a f t e r the f i r s t day, only a few percent of the grass segments had been 
eaten but 55% of the sycamore). The difference i n rate of consumption, 
despite the fact that even more grass was eaten by the end of the experiment 
than sycamore, shows that the l a t t e r i s i n some way the preferred food. 

I t appears that both the species and condition of leaves are important 
i n the choice of food of P. muscorum. I t i s i n t e r e s t i n g to note that when 
animals i n the f i r s t experiments (using P. muscorum from woodland) had 
apparently eaten nearly a l l the edible leaf segments, they f i n a l l y ate small 
quantities of three beech segments that previously had been almost t o t a l l y 
avoided. That texture i s important i n the p a l a t a b i l i t y of leaves, i s evident 
from direct observation of the animals, when i t was seen that the P. muscorum 
met with d i f f i c u l t y i n breaking away fragments of oak leaves. 
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The proportion of the l i t t e r a t t r i b u t a b l e to d i f f e r e n t species of leaf 
did not emerge i n the stepwise analysis programme as being important i n 
accounting f o r va r i a t i o n i n the numbers of T. pusillus and P. muscorum (see 
section 4.1). This may have been due to the way i n which the work was 
conducted. With so many l i t t e r samples to s o r t , the. method of scoring the 
r e l a t i v e proportions of d i f f e r e n t leaves (see section 2.4) had to be devised 
beforehand, but t h i s did not re s u l t i n a very diverse co l l e c t i o n of scores 
and so l i t t l e v a r i a t i o n i n the numbers of animals could be thus accounted 
for . 

The quantitive feeding experiment did not provide a measure of the 
quantities that P. muscorum w i l l eat of the d i f f e r e n t species of leaf offered, 
as i t became evident a f t e r a few days that many of the leaf segments remaining 
i n the experiment were being avoided or only s l i g h t l y eaten. An int e r e s t i n g 
point i n the results i s that the animals i n the containers with grass l i t t e r 
survived as well as those i n the containers with woodland leaves (table 3q), 
despite the fact that the l a t t e r had consumed, i n general, much larger 
quantities of food (as measured i n milligrams dry weight). The implication 
of these results i s either that P. muscorum i s assimilating a greater 
proportion of the grass consumed than of the tree leaves, or, that the t o t a l 
biomass of the P. muscorum i n the containers with grass l i t t e r was less than 
i n those containers with tree leaves. 

4.4 Developmental studies 

I t was found that a s i g n i f i c a n t l y greater proportion of the P. muacorua 
from the grassland are i n larger size classes than of those P .muscorum 
collected from the woodland (tables 3y and 3z), and the difference i s taken 
to indicate a greater proportion of animals i n the l a t e r stadia i n the grass
land population (as expansion i n size i s r e s t r i c t e d to the periods following 
each moult). The differences between the populations may be due to a greater 
survival or faster growth and recruitment of the grassland animals i n t o the 
la t e r stadia or to a greaterrate of recruitment i n t o the e a r l i e r stadia i n 
the woodland animals, and may be heightened by d i f f e r e n t i a l m o r t a l i t y of the 
young i n the grassland or of the adults i n woodland. I t i s possible that at 
the time of sampling, the population at one or both of the sites did not have 
a stable age d i s t r i b u t i o n . 

The choise of sample locations may have biased the results as the young 
and old animals may not have i d e n t i c a l requirements and d i s t r i b u t i o n s . 
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The average growth of young P. muscorum i n separate cultures provided 
with grass and w i t h tree leaves (section 3.4) did not d i f f e r s i g n i f i c a n t l y 
over the period of the experiment (although i t i s possible that they were 
i n d i f f e r e n t stages of the moulting cycle at the end of the experiment). There 
i s no evidence here that the age-distributions of woodland and grassland s i t e 
populations d i f f e r because of faster development i n t o adult stadia i n the 
grassland s i t e . The greater survival of animals i n the tree leaf culture 
may have had some e f f e c t on the quantity of food available, but i n consideratioi 
of the large amounts of l i t t e r i n both containers, t h i s seems improbable. 
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SUMMARY 

1) A study was made of the d i s t r i b u t i o n s of T. pusillus and P. muscoram 
in a woodland and i n a grassland s i t e near Durham, and an attempt made to " 
determine the environmental variables most af f e c t i n g the d i s t r i b u t i o n observed. 
Data were obtained from Berlese-extracted samplee from each s i t e , from p i t f a l l 
traps i n the woodland s i t e and from laboratory feeding and growth experiments. 

2) The di s t r i b u t i o n s of T. pusillus and P. muscorum i n the woodland s i t e 
both showed a high degree of contagion. Few P. muscorum were collected from 
samples taken from the grass area w i t h i n this woodland s i t e , but a greater 
number from p i t f a l l s near the edge of the grass area. The d i s t r i b u t i o n of 
P. muscorum was s t i l l contagious when samples from the grass area were 
excluded from the calculations. 

3) Of the variables of the samples that were included i n stepwise regression 
analysis, the dry weight of tree leaf l i t t e r and dry weight of wood accounted 
for 15% of the v a r i a t i o n i n numbers of T. puaillua, when a l l the l a s t t h i r t y 
samples were considered and the dry weight of tree leaf l i t t e r and shading 
accounted f o r 39.5% of the v a r i a t i o n when only the twenty samples from the 
bramble and bare l i t t e r habitats were considered. 

4) I n the twenty samples from the bramble and bare l i t t e r habitats, the 
dry weight of the F and H layers and of tree leaf l i t t e r accounted f o r 29% 
of the v a r i a t i o n i n numbers of P. muscorum. 

5) Grassland d i s t r i b u t i o n of both T. pu s i l l u s and P. muscorum were basically 
r e s t r i c t e d to the unmown part of the grassland s i t e , that of P. muscorum 
further r e s t r i c t e d to the grass tussocks. Both di s t r i b u t i o n s were highly 
contagious i n t h i s area and that of P. muscorum s t i l l showed contagion when 
only the tussock samples were considered. 

6) The dry weight of tree leaf l i t t e r and the dry weight of grass together 
accounted for 38% of the vari a t i o n i n numbers of T. pusi l l u s i n the unmown 
grass area. 

7) The dry weight of grass accounted f o r 61% of the vari a t i o n i n numbers of 
P. mus coram i n the unmown grass area. 
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8) The p i t f a l l traps provided further information basically i n agreement with 
the data from the woodland samples and showed a p a r t i c u l a r type of habitat to 
favour both species of woodlice, namely the areas with deep l i t t e r and 
discontinuous cover. 

i 

9) Significant correlations e x i s t between the numbers of T. pu s i l l u s i n 
the p i t f a l l s and the numbers of staphylinid beetles greater than 6mm i n 
body length and of p i l l millipedes. 

10) Both the condition and type of leaves are important i n food preferences 
of P. muscorum, so that , f o r example, segments of the same leaf species 
were eaten at very d i f f e r e n t rates i n replicate experiments. When both 
sycamore and grass were i n an edible condition, sycamore was eaten at a 
greater rate. 

11) I n an quantitative feeding experiment, P. muscorum from the grassland 
s i t e survived on a much smaller quantity (grams dry weight) of grass than 
the amount of tree leaf l i t t e r eaten by P. muscorum from the woodland s i t e . 

12) A s i g n i f i c a n t difference i n size-class structure was found between the 
woodland and grassland populations of P. muscorum9 the l a t t e r having 
proportionately more individuals of the larger of the size classes defined. 

13) No s i g n i f i c a n t difference was found between the rates of development 
of young P. muscorum i n separate cultures provided with tree leaf l i t t e r 
and with grass l i t t e r . 
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APPENDIX 

Raw Data 
Tables 3a to 31 include the raw 

data collected i n the sampling programme. 
For d e t a i l s of the numbers, dis t r i b u t i o n 
and timing of the programme, see table 
2a i n section 2.3. 
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