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ABSTRACT 

. Distribution, population dynamics, biomass and population 

production of macrodecomposers have been studied in order to 

clarify the role of four species in the processes of energy 

transfer in a dune grassland ecosystem. The-species worked on 

were Armadillidiun vulgare, Porcellio scaber, Philoscia muscorum 

(Isopoda) and Cylindroiulus latestriatus (Diplopoda). Population 

data were available for the species from 1968 to 1975. 

r 
Preliminary investigations indicated little difference 

in the diet of each species and in their interactions with 

predators; however there were. significant differences in vertical 

and horizontal distribution.. 
,s 

The vertical. distribution of each species changed with 

season, mainly in response to variations in temperature in winter 

and relative humidity-in summer. Despite these movements there was 

a consistent-difference. in the mean depth of each species. The. 

millipede . showed. a particularly marked difference from the 

woodlice because it was mainly a root layer inhabitant whereas 

they were most abundant in the litter layer., 
-, 

Horizontal distribution studies indicated that P. muscorum 
stable 

predominated in the dune while A. vulgare. and P. scaber 

were more abundant towards the dune crest. The last two species 

showed evidence of migration between different areas of the dune 

system in early summer 1975. 

Changes in abundance and aggregation were, also. observed. 

P. muscorum declined from a maximum density of 103.7 0.1m-2 in 

August 1970 to zero in October 1974 whereas A. vulgare increased 

from a minimum of 1.7 0.1m 2 in January 1969 to a maximum of 

73.9 in September 1973. P. scaber and C. latestriatus exhibited 

smaller changes; maximum and minimum estimates were 27.1 and 0.9 

0.1 m 2, 
and 16.0 and 1.9 0.1m 2 

respectively, 
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All species showed chanpvsin aggregation during the course 

of the study. Aggregation increased in the woodlice in 1974 and 

1975 and decreased in the millipede. 

It is suggested that the changes in density and aggregation 

were related to changing conditions on the study site, particularly 

those caused by rabbit disturbance and sand accumulation. 

There were seasonal density fluctuations also. Changes in 

size structure, the breeding biology and cohort dynamics of the 

A. vul ; are and P. scaber populations were examined to obtain 

insight into the importance of natality, mortality and migration 

in determining these fluctuations. The density of each species 

peaked in late summer when brood release occurred and declined 

at other times due to continuous losses. Immigration caused 

spring and summer density increases and appeared to be the main 

determinant of breeding population size. 

Population size structure, breeding biology and biomass of 

C. latestriatus was studied. The rate of development of C. latestriatus 

at Spurn is intermediate between that of populations to the 

North and South. It is suggested that the more northerly 

populations take longer to mature due to lower mean annual 

temperatures. 

Comparison of biomass and population production for the 

three isopod species indicated large fluctuations in individual 

species but the total values were fairly steady with a maximum 

mean annual standing crop of 744 mg live weight 0.1m 2 during 

1973/74 and a minimum of 295 during 1968/69. Maximum and minimum 

mean annual population production figures for the three isopods 

-combined were 366.6 mg dry weight 0.1n 2 during 1971/72 and 

147.4 during 1968/69. 

Finally the results are discussed in relation to niche separation, 
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life history strategies and the role of macrodecomposers in the 

dune grassland ecosystem. 
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CHAPTER ONE 

ý. ý INTRODUCTION 

The activities of decomposers in the soil are among the most important 

life functions of natural ecosystems. Firstly they effect the release of 

nutrients which are locked up in dead plant and animal remains and secondly, 

in ecosystems where little of the net primary production is consumed by 

herbivores but instead falls to the earth as litter, they form the major 

supply of energy for predators and thus enhance the diversity of the ecosystem. 

Despite this it is surprising how little is known about the role of different 

species in these processes and how their activities contribute to the 

functioning of the system as a whole. 

To gain this understanding it is essential to know how the different 

species populations partition the available resources. There is no detailed 

information of this kind for any sympatric group of macrodecomposers. At 

this level most functional studies have been upon single species populations. 

The part played by any species in utilising the available resources, 

and thus its role in the ecosystem, depends on its abundance and size structure, 
I 

the food material utilised, the rate of processing of that material, its 

contribution to other trophic levels and the changes of these in time and 

space. Information on the above parameters has been obtained for three 

species of woodlice - Armadillidium vulgare (Latreille), Porcellio'scaber 

Latreille and Philoscia muscorum (Scopoli) - and one species of millipede - 

Cvlindroiulus latestriatus (Curtis). On density and biomass figures these 

four appear to be the main macrodecomposers in the dune grassland ecosystem 

at Spurn (East Yorkshire). 

Work on these species at Spurn has been in progress since 1968. Initial 

effor. t's were concerned with (1) identifying the predators feeding on the 

woodlice and estimating the predators consumption rates (Sunderland 1977), 

(2) the population dynamics of P. muscorum (Sunderland, Hassall & Sutton 1976) 

and (3) clarifying certain aspects of the role of P. muscorum (Hassall, 1976). 
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Sunderland (1977) found that at least 43 predatory species fed on woodlice 

at some time during the year causing between 11 and. 56ö of the juvenile 

mortality and about 15% of the spring mortality. The most abundant predators 

appeared to be polyphagous and showed no preference for any particular species. 

As a result the woodlice were consumed in proportion to their relative 

abundance. They would therefore form the base of a complex food web in 

which their relative importance (or role) was 
'a 

simple function of their 

abundance. 

The relative importance of each species in enhancing decomposition would 

also be directly related to their abundance if each one was consuming the same 

food material. Food preference tests and gut contents analysis have shown 

that P. muscorum finds a wide range of food'types acceptable (Hassall 1976) 

and that the selection of plant material for consumption depends on its state 

of decay rather than the plant species. Similar rules appear to govern the 

diet and food preferences of a millipede (Kheirallah 1966). The lack of 

food specificity is'a common feature of decomposers (Anderson 1974) and should 

lead to a very broad overlap in the food types eaten. This was tested by 

examining and comparing the gut contents of the woodlice and millipedes at 

Spurn. 

The gut contents of animals collected from the study site in September 

1975 were drawn through millipore filters and mounted in canada balsam following 

the procedure outlined in Hassall (1976). The percentage cover of each food 

type was then estimated by measuring the surface area of a random selection of 

fragments as seen through a binocular microscope. The results are given in 

table 1.1. The proportion of green monocot and green dicot material has 

been combined as it forms such a small part of the total gut contents. For 

comparative purposes table 1.1 also includes the results obtained by Hassall 

(1976) from a collection of P. muscorum in August 1973. 

The same basic food source, namely dead dicot and monocot material, was 

used by all four species. The unidentifiable plant material was probably 



Table 1.1 Percentage cover (1S. E. ) of different. food items in the 

diet of woodlice and millipedes at Spurn. Males, females and 

juveniles combined. Data on P. muscorum (Aug. 1973) from 

Hassall (1976). 

Data C. latestriatus - A. vulgate P. scaber P. muscorum P. muscorum 

Collected Sept. 1975 Sept. 1975 Sept. 1975 Sept. 1975, Aug.,,. 1973 
(males only) 

Food Item 

Dead dicot 43.4 ± 2.8 . 47.5 ± 2.2 51.4 ± 2.3 39.3 ± 3.3 60.5 ± 4.1 

Dead monocot 29.1 ± 3.2 16.8 ±. 2.2 12.9 ± 2.3 39.4 ± 3.1 21.5 ± 3.5 

Unidentified 
dead plant 

Green plant 

Animal 

22.5 ± 1,. 6 

0.0 

1.6 + 0.6 

21.2 ± 2.5 24.4 ± 1.6 '14.0 ± 0.8 5"0'± 0.8 

0.1 ± 0.1 6.9 ± 1.0 0.2 ± 0.1 0.5 ± 0.5 

7.5 ± 1.1 0.3 ± 0.3 2.4 ± 1.2 1.5 ± 1.1 

0.1 ± 0.1 0.1 ± 0.1 0.0 0.0 

1.4 ± 0.6 0.9 ± 0.4 3.2 ± 1.3 4.5 ± 2.9 

1.5 + 0.5 2.4 ± 0.6 1.2 ± 0.5 2.5 + 0.8 

3.9 ± 1.4 0.7 ± 0.2 0.3 ± 0.2 4.0 ± 1.6 

Moss 0.0 

Roots 0.2 + 0.2 

Fungi 2.4 ± 0.7 

Sand 0.5 ± 0.2 

Number of 

animals 

examined 28 30 30 5 
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also derived from monocotyledons or dicotyledons but was too finely fragmented 

to be clearly recognisable. There was a significant fall'in the proportion 

of dicot material in the diet of P. muscorum between August 1973 and, 

September 1975. This may be partly due to-the fact that in this study only 

males of P. muscorum were examined whereas Hassall included females and 

juveniles too. Hore likely however it reflects a considerable reduction 

in the quantity and availability of dicot material on the study site resulting 

from the accumulation of wind blown sand between the two sample dates (see 

Chapters two and three). 

The results in table 1.1. 'suggest that there is little difference in the 

diet of the macrodecomposers at Spurn but it is still possible that each is 

feeding on different species of monocots or dicots. ' The only data available 

to test this wi a 
provided by the few plants such as Hippophae rhamnoides L., 

Ononis repens L. and Rumex crispus L., which produced clearly identifiable 

fragments. There was a large amount of variation in the occurrence of these 

plants in the gut of different individuals but none were consumed to a 

significantly greater extent by any one of the macrodecomposer, - species studied. 

It does seem therefore that there is no distinct partitioning of the food 

resources. Consequently the role of each species in the process of degrading 

plant material should be, like their role in supporting predator populations, 

a simple function of their relative abundance., 

Although there is now a considerable amount of information relating to 

the interactions of the animals with both their predators (Sunderland 1977) 

and food supply (Hassall 1976 and above) it is still not known how the four 

populations contrive to partition the resources in time and space. Once 

this aspect of their ecology has been studied it may be possible to assess, 

at least in a preliminary way, how the activities of each species contribute 

to the system as a whole. It is this problem which forms the contents 

of the present study. 

The results of investigations into the spatial distribution of the woodlice 

and millipedes are presented and discussed in relation to niche separation, 
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in chapters two and three. In chapter four variations in the density and 

aggregation between 1968 and 1975 are related to their habitat preferences 

and changes in the environment. The means by which varying levels of natality, 

mortality and migration of A. vulgare and P. scaber affect their density 

fluctuations are assessed in chapter five by an analysis of cohort dynamics 

(Sunderland et al. 1976 and Hassall 1976 give similar analyses for P. muscorum). 

Data on changes in the population size structure from chapter five for 

A. vulgare and P. scaber, from Sunderland (1977) and Hassall (1976) for 

P. muscorum, and from chapter six for C. latestriatus are used to compute 

biomass standing crop and production values for each species from 1968 to 1975. 

These figures, which are given in chapter six for C. latestriatus and chapter 

seven for the isopods, are then used in chapter eight to evaluate the changing 

role of each species in the dune grassland at Spurn. This is then related 

to the spatial distribution of each species and the spatial and temporal 

heterogeneity of the dune grassland ecosystem. 
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CHAPTER TWO 

HORIZONTAL DISTRIBUTION AND MICROHABITAT PREFMNCES 

2.1 INTRODUCTION 

It is generally considered that woodlice and millipedes are 'primary 

decomposers' and find a wide range of food types acceptable to them (Sutton 

1972, Barlow 1957 and Wallwork 1970). As a result they show little food 

resource partitioning, as discussed in chapter one. It might be expected 

that sympatric species would restrict their diet so that each had a separate 

food niche (sensu Reynoldson & Davies 1970). However, MacArthur and Pi ank a 

(1966) suggest that this would not be so, instead animals living in a mosaic 

environment should specialise in the area in which they search for food. 

If this hypothesis applies then spatial separation should be an important 

niche dimension in cohabiting macrodecomposers. Furthermore the factors 

determining their microdistribution should be other than the presence or 

abundance of a specific food material. The work presented here was undertaken 

to test this. 

2.2 STUDY SITE 

The main study site was an area of dune grassland 21 in. by 21 in. on 

the lee side of the main dune ridge at Spurn in East Yorkshire. It has been 

described in Sunderland, Hassall and Sutton (1976), while Davis, Hassall 

and Sutton (1977) have noted recent changes in the soil profile due to the 

accumulation of wind blown sand. 

In addition to the four species of macrodecomposers, Armadillidium 

vulgare, Porcellio scaber, Philoscia muscorum and Cylindroiulus latestriatus, 

which are common on the site and are studied here, occasional specimens of 

Cylisticus convexus (De Geer), Oniscus asellus L. (Isopoda) and Polymicrodon 

Polvdssmoides (Leach) (Diplopoda) were encountered. 

The topography of the site is shown in figure 2.1a together with contours 

indicating the depth distribution of the recently deposited sand (figure 2.1b). 



Figure. 2.1 Some features of the Spurn study site. 

a. Topography. Contours indicate height 

in 0.5m intervals above high water mark 

on November 24 197b. 

b. Depth distribut on (cm) of -and wn; ch 

accumulated over the site during the winters 

of 197/74 and 1974/75- 

c-f. Distribution of selected plant species. 
m 

0 
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C. 

Greater than 2» cover. 

-25% cover. 

Less than 5% but greater than 

Absent to I% cover. 

ALropZron pun Lens. 

d. Convolvulus arvensis. 

e. 9rrhenatherum elatius. 

f. Carex arenaria. 

cover. 
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METHODS 

(a) Horizontal distribution 

Stratified random sampling with 0.1 m2 quadrats 

Fourteen 0.1 m2 turves were removed from the study site on a stratified 

random basis at approximately one month intervals and the animals in each 

replicate were extracted using a modified Kempson-Lloyd-Ghelardi'(1963) 

heat and light extractor. The preservative used in the extractor was tri- 

sodium orthophosphate. The'animals were later transferred to 70% alcohol. 

Further details of the sampling and extracting procedures are given in 

Sunderland et al. (1976). This sampling programme also provided the 

population density data of each species given in later chapters. 

These fourteen replicates are not adequate alone to assess the distribution 

and the degree of association of the species. Accordingly it is necessary 

to sum results from different dates but this is not possible with simple 

frequency data as seasonal density fluctuations will bias the overall picture. 

As all species were highly aggregated throughout the year (Chapter four) it 

seemed appropriate to group the replicates from each date into one of two 

categories, (1) those containing large numbers of animals (centres of aggregation) 

and (2) those containing few or no animals (no aggregate present), and then to 

investigate the distribution of the aggregates. The numbers in each category 

showed no distinct seasonal variation so that a summation of data collected 

through the year was possible. 

There are severe problems in defining aggregations. Usher (1969) 

did this by successively removing the highest values until the remaining 

distribution was random, but this method is unsatisfactory with high density 

populations or with a large quadrat size where there are few zero counts. 

For the present purpose those quadrats containing more than A individuals, 

where X=xy, were included in the 'aggregate present' category. 
2k 

Those in which the number of individuals < i1 were put in the absence category 

(Y the mean, k=k of the negative binomial estimated by the method of 
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maximum likelihood (Bliss & Fisher 1953), and $ is a function with a X2 

distribution with 2k degrees of freedom taken. at the 0.5 probability level - 

see Southwood (1966)). 

Contiguous quadrats 

To investigate the possibility of microhabitat partitioning that might be 

undetected in 0.1 m2 quadrats two series each of 64 0.006 m2 contiguous 

quadrats were taken in October 1975. The animals were extracted by sieving 

after the samples had been dried. 

The number of animals under stones 

The distribution of animals in relation to different areas in the dune 

system was determined by counting the numbers of each species under stones. 

Three main areas were recognised in relation to the dune succession, 

these were as follows. 

1. The dune crest - which due to frequent sand movement is dominated 

by marram grass Ammo hila arenaria (L. ) Link) and sea couch-grass (Agropyron 

pungens (Pers. )). There is very little litter on the surface and the soil 

profile is poorly developed. 

2. The lee side of the dune - (including the main study site). Many 

additional grass and herb species become abundant, notably Arrhenatherum 

elatius (L. ) J. and C. Presl., Dactylus glomerata L., Poa pratensis L. 

and Festuca rubra L. Furthermore the soil profile is better developed and 

some surface litter builds up between periods of sand accumulation. 

3. A more stabilised area of dune - receiving little wind blown sand. 

The marram and sea couch grass are less vigorous and the other grasses begin 

to dominate. There is also a considerable increase in the amount of moss 

and surface litter. The soil profile is well developed. 

A selection of flat stones was marked in each of the three areas, and 

the numbers of animals under each stone were counted at fortnightly intervals 

between March and November 1975. 

(b) Plant distribution 

The distribution of the plants was studied in July 1975 by visually assessing 



a 
their abundance and cover in each of the 196 2.25 m2 areas (fig. 2.1a) 

into which the study site was divided. The Domin scale was adopted for 

scoring the abundance of each species because it is easy to use and permits 

a fairly detailed assessment in a short time (Kershaw 1973). The entire 

site was surveyed in only a few days work. 

2.4 RESULTS 

(a) Horizontal distribution of animals 

Stratified random sampling 

The distribution of aggregates of each species on the study site between 

June 1973 and October 1974 (during which time a 0.1 m2 quadrat was removed 

from almost every 1.5 m by 1.5 m block of the site) is shown in figure 2.2. 

An aggregate is shown to cover an entire block but in fact only 4.4% of a 

block was removed on any occasion. 

Although at first sight no trends are obvious a close examination reveals 

an uneven distribution. Philoscia muscorum and Armadillidium vulgare have 

a greater proportion of aggregates. in the north westerly half of the study 

site (i. e. lower end of the figure), Porcellio scaber and Cylindrouilus 

latestriatus have more on the north-easterly half (i. e. to left of the figure). 

An analysis of variance shows that these trends are significant but they do 

not necessarily indicate direct spatial separation. If isolation is resulting 

from animals specialising in the areas in which they search for food a 

negative association of aggregates would be expected. This can be tested 

using Cole's (1949) "Coefficient of interspecific association". The indices 

of association (tab. 2.1) based on the presence or absence of aggregates 

give no evidence of spatial isolation. The woodlice are positively associated. 

Only two of the six coefficients of interspecific association between the 

millipede and the three species of woodlice are positive, the remainder are 

not significant, indicating an independent distribution for this species. 

This suggests that there is very little interaction between them. 



Table 2.1 The coefficients of interspecific association between 

the aggregates of Porcellio scaber, Armadillidium vulpare, 

Philoscia muscorum and Cylindroiulus latestriatus from 

monthly samples of 14 -0.1m2 quadrats. A 1974, B 1975. 

Significant associations are starred; * denotes P<0.005, 

� denotes p<0.001, ns denotes not significant. 

A. v. P. m. C. I. 

P. scaber 0.48** 0.35** 0.10ns 

A. vulpare 0.37* 0.14ns 

P. muscorum -0.01ns 

A 

B P. scaber 0.38** 0.91* 0.39* 

A. vulp-are 0.91* 0.42* 

P. muscorum 0.42ns 

Table 2.2 The coefficients of interspecific association between 

Porcellio scaber, Armadillidium vulgare and C-ylindroiulus 

latestriatus in the second series of 64 0.006m2 contiguous quadrats. 

Significant associations are starred; " denotes p< 0.01, ns denotes 

not significant. 

A. v. C. 1. 

P. scaber 0.55* 0.18ns 

A. vulpare 0.13ns 



Figure. 2.2 The distr. bution of ao"re6ates on toe 

study site from June 197> to October 1974. 
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Contiguous quadrats 

The numbers of A. vulegare, P. scaber, P. muscorum and C. latestriatus 

extracted from the two series of contiguous quadrats are shown in figures 2.3 

and 2.4. There is clearly a non-random distribution of the quadrats containing 

animals which is probably due to the patchiness of the sites. The extent 

of the suitable patches appear to be equal to or greater than 0.1 m2 and 

in series 2 almost certainly extend beyond the area sampled. The congregation 

of animals into these areas would produce the aggregated dispersion pattern 

observed in the monthly sampling programme. 

Even within suitable areas clumping of individuals occurs. This is 

most clearly shown by A. vulgare (fig. 2.4), but both P. scaber and C. latestriatus 

have a variance : mean ratio which is significantly greater than one (P. muscorum 

was too rare in the samples for analysis). However, there does not appear 

to be any microhabitat partitioning which would have gone undetected in the 

0.1 m2 samples. 'The coefficients of interspecific association (tab. 2.2), 

based on the animals in the second series of quadrats, which was the only one to 

yield sufficient animals of more than one species, again indicate close 

association of the woodlice. There is also no association between the 

woodlice and the millipede, both within or between samples, adding strength 

to the suggestion that there is little interaction between them. 

The number of animals under stones and habitat selection 

Figures 2.5,2.6 and 2.7 show the seasonal variations in the number of 

P. muscorum, A. vulgare and P. scaber respectively under stones in the three 

areas of the dune system. The standard errors have been omitted from the 

figures but are included in tables 2.3,2.4 and 2.5. They are large due to 

the aggregation of the populations. 

There is distinct habitat selection which differs between species and 

with season. P. muscorum increases in abundance towards the fixed dune area 

(fig. 2.5). - P. scaber (fig. 2.7) and A. vulgare (fig. 2.6) show the reverse 

trend, increasing towards the crest of the dune. A two way analysis of 

variance on log (x + 1) transformed data shows these trends to be statistically 



Table 2.3 The mean numbers of Philoscia muscorum (±1S. M. ) per stone 

in three different areas, from March to November 1975. 

14 Mar 

31 Mar 

28 Apr 

20 May 

2 June 

15 June 

30 June 

13 July 

27 July 

9 Aug 

25 Aug 

7 Sept 

20 Sept 

5 Oct 

20 Oct 

3 Nov 

18 Nov 

Dune crest Lee side 
of dune 

0.00 0.18 ± 0.12 

0.18 ± 0.18 0.30 ± 0.21 

0.18 ± 0.12 0.09 ± 0.09 

0.36± 0.20 0.45 ± 0.21 

0.09 ± 0.09 0.36 ± 0.15 

0.00 0.18 ± 0.12 

0.00 0.00 

0.00 

0.00 
0.00 
o. oo 

0.00 0.00 

0.00 0.09 ± 0.09 

0.00 0.00 

0.00 
0.00 

0.00 
0.00 

0.00 0.45 ± 0.21 

0.45 ± 0.31 0.36 ± 0.20 

0.45 ± 0.21 0.27 ± 0.19 

Fixed dune 

1.00 ± 0.55 

0.44 ± 0.23 

0.33 ± 0.16 

1.56 ± 0.45 

1.67 ± 0.45 

0.73 ± 0.36 

1.27 ± 0.63 

0.13 + 0.09 

0.07 ± 0.07 

0.00 
0.00 
0.13 ± 0.09 

0.13 ± 0.09 

0.60 ± 0.32 

0.33 ± 0.16 

1.20 ± 0.69 

0.13 ± 0.09 



Table 2.4 The mean number of Armadillidium vulgare (±1S. E. ) per stone 

in three different areas, from March to November 1975. 

Dune crest Lee side 
of dune 

Fixed dune 

14 Mar 

31 Mar 

28 Apr 

20 May 

2 June 

15 June 

30 June 

13 July 

27 July 

9 Aug 

25 Aug 

7 Sept 

20 Sept 

5 Oct 

20 Oct 

3 Nov 

18 Nov 

1.36 ± 1.07 

5.27 ± 3.21 

12.00 ± 2.25 

11.00 ± 2.50 

16.55 ± 4.99 

12.18 ± 3.98 

2.27 ± 1.06 

5-00-+ 1.79 

5.27 ± 2.85 

0.27 ± 0.27 

2.91 + 0.86 

0.45 ± 0.31 

1.00 ± 0.36 

1.91 ± 0.62 

1.64 ± 0.89 

0.82 ± 0.54 

0.18+ 0.18 

1.00 ± 0.63, 

1.10 ± 0.67 

8.18 ± 2.38 

5.82 1.07 

7.45 ± 3.00 

5.64 ± 1.57 

0.18 ± 0.12 

21.82 ± 6.55 

1.82 ± 0.55 

0.00 

1.27 ± 0.52 

0.64 ± 0.28 

2.36 ± 0.51 

5.27 ± 2.28 

3.73 ± 1.90 

0.91 ± 0.31 

0.09 ± 0.09 

0.61 ± 0.39 

0.94 ± 0.57 

4.50 ± 0.92 

2.94 ± 0.66 

5.50-+ 1.71 

4.80-+ 1.83 

6.60 ± 2.54 

6.47 ± 2.91 

3.33 ± 1.30 

2.13 ± 1.73 

1.47 ± 0.67 

3.47 ± 2.39 

1.93 ± 0.64 

1.80 ± 0.50 

2.53 ± 0.91 

0.67 ± 0.40 

0.00 



, 
Table 2.5 The mean numbers of Porcellio scaber (±1S. E. ) per stone in 

three different areas, from March to November 1975. 

Dune crest 

14 Mar 

31 Mar 

28 Apr 

20 iayL 

2 June 

15 June 

30 June 

13 July 

27 July 

9 Aug 

25 Aug 

7 Sept 

20 Sept 

5 Oct 

20 Oct 

3 Nov 

18 Nov 

0.27 ± 0.14 

0.82 ± 0.33 

25.55 ± 8.40 

23.73 6.49 

39.09 ± 13.63 

37.00 ± 18.70 

15.55 ± 13.57 

9.45 ± 5.41 

14 . 27 ± 5.43 

0.55 ± 0.45 

17.00 ± 4.34 

13.36 ± 6.41 

13.45 ± 5.23 

26.00 ± 12.64 

28.18 ± 12.19 

24.45 ± 7.61 

14.00 ± 4.30 

Lee side 
of dune 

0.36 ± 0.24 

1.40 ± 0.69 

6.82 ± 2.96 

5.27 ± 2.40 

2.91 ± 1.63 

3.45 ± 2.39 

0.09 ý 0.09 

11.09 ± 4.73 

2.09 ± 1.10 

0.00 

2.09 ± 1.28 

0.18 + 0.12 

5.09 ± 3.00 

6.64 ± 2.96 

6.27 ± 4.31 

7.82 ± 6.30 

0.64 ± 0.39 

Fixed dune 

0.22 ± 0.17 

0.44 ± 0.34 

5.67 ± 2.64 

4.89 ±-1-80 

6.75 ± 3.55 

2.27 ± 0.99 

6.27 ± 3.11 

7.00-+4.88 

0.40 ± 0.16 

0.33 ± 0.21 

0.80 + 0.55 

1.60 + 1.09 

1.13 ± 0.41 

1.07 ± 0.33 

1.53 ± 0.83 

0.27 ± 0.15 

0.13 ± 0.09 



Figure. 2.3 The numbers of C. latestr: iatus extracted 

from the first series of 64 O. 006m2 contiguous 

quadrats, taken in October 1975" P. scaber, 

P. muscorum and A. vulgare were represented 

only by one or two (A. vu L2re) specimens. 

The location of these is indicated by the 

letters P. s., P.!:. and A. v. respectively. 
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Figure. 2.4 The numbers of animals extracted from 

the second series of 64 0.006m2 contiguous 

quadrats, taken in October 1975. 
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Figure. 2.5 The mean number of Philoscia muscorum per 

stone . gin three different area. of the dune 

system, from March to November 1975. 
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Figure. 2.6 The mean number of Armadillidium vul are 

per stone in three diffez"ent areas of the 

d ý, r. E, tern, from Marc, t. ember 197,. 
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Figure. 2.7 The mean number of Porcellio scaber 

per stone in three different areas of the 

dune system, from March to November 197. 

c" "ý d; rne crest. ("---ýý lee-side of 
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significant. (F and p values for habitat selection of P. muscorum, 

P. scaber and A. vulpare respectively are: F=3.4, p<0.001; F= 74.64, 

p<0.001; F=4.08, p<0.025). 

The site preference did not change with season in P. muscorum, but it 

did so in A. vulpare and P. scaber. Both species show an increase in 

frequency on the lee-side of the dune in mid-July with a simultaneous decrease 

of animals on the dune crest, suggesting migration between the two areas. 

This is particularly conspicuous in A. vulpare. Thereafter P. scaber 

re-established its preference for the dune crest whereas A. vulpare showed 

no preference for any area. 

Table 2.6 gives the numbers of C. latestriatus under the same stones. 

It is not commonly found here and is absent throughout most of the breeding 

season, but the data suggest an increase in frequency towards the dune crest. 

(b) Plant distributions and associations 

The plant distribution survey was carried out in July 1975. Problems 

with identification are reduced at this time as the majority of the plants 

are in flower. Even so the grasses APropyron punrens and A. iunceiforme 

(Love) are difficult to separate quickly, as are Poa pratensis, P. annua L. and 

P. subcaerulea J. E. Smith. For convenience the similar species have been 

combined. Each group is referred to by the most common member at Spurn, 

thus the first group is A. puncýens and the last P. pratensis. 

Only the plants which were found in more than ten of the squares on 

the study site are included in the following analysis. They are listed in 

table 2.7, column one. Several species showed significantly correlated 

distribution patterns. If it is assumed that these correlations are due 

in part to the influence of some common determinants of distribution then 

the association of each species with those determinants can be assessed using 

a 'common factor analysis' (Nie et al. 1975). Furthermore all the plants 

loading significantly on any single factor and with the same sign can be taken 

to form a positive association. Thus any factor can separate out three groups 



Table 2.6 The mean numbers of Cvlindroiulus latestriatus (±1S. E. ) per 

stone in three different areas, from March to November 1975. 

Dune crest Lee side Fixed dune 
of dune 

14 Mar 2.27 ± 0.91 0.36 ± 0.28 0.17 ± 0.09 

31 Mar 1.36 ± 0.45 1.20 ± 0.57 0.39 ± 0.14 

28 Apr 0.73 ± 0.35 0.73 ± 0.63 0.33 ± 0.18 

20 May 0.64 ± 0.31 0.18 + 0.12 0.22 ± 0.13 

2 June 0.00 0.45 ± 0.31 0.00 

15 June 0.00 0.00 0.00 

30 June 0.00 0.00 0.00 

13 July 0.00 0.09 ± 0.09 0.07 ± 0.07 

27 July 0.00 0.00 0.00 

9 Aug 0.00 0.00 0.00 

25 Aug 0.00 0.00 0.00 

7 Sept 0.09 ± 0.09 0.00 0.00 

20 Sept 0.55 ± 0.31 0.36 ± 0.20 0.00 

5 Oct 0.64 ± 0.20 0.18 ± 0.12 0.20 ± 0.14 

20 Oct 1.64 + 0.91 0.82 ± 0.58 0.27 + 0.27 

3 Nov 0.64 ± 0.28 1.00 + 0.65 0.53 ± 0.31 

18 Nov 0.45 ± 0.21 0.09 ± 0.09 0.13 ± 0.09 
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of plants. (1) Those plants forming an association due to a common positive 

loading on the factor, (2) an association due to a negative loading, and (3) those 

which are uninfluenced by that factor and therefore have a non-significant 

loading. The latter group can be further subdivided by extracting more 

factors. The first six factors accounted for 51.4w of the total variance, 

table 2.7. 

Ammophila arenaria, the most conspicuous plant, was found in every 

2.25 m2 section of the study site. It was extracted as a major component 

of both factors one and two, which together accounted for approximately one 

quarter of the total variance. In factor one it has a positive loading 

in association with the grasses Arrhenatherum elatius, Dactylus glomerata and 

Poa pratensis. Convolvulus arvensis L. was the only plant with a significant 

negative loading on factor one. A. elatius and the other associated grasses 

are characteristic of semi-fixed to fixed dune conditions and occur more 

towards the north westerly end of the site (fig. 2.1e), whereas C. arvensis 

occurs in their absence in open sandy places towards the dune crest (fig. 2.1d). 

Ammophila arenaria and Agropyron pungens have a strong negative association 

with factor two. Both plants are common dune stabilising and building grasses. 

A. pungens can withstand high salt concentrations and is often present in the 

very early stages of dune succession (Salisbury 1952). It forms the densest 

grass tussocks towards the dune crest (fig. 2.1a). Plantago lanceolata L. 

loads positively on factor two as, to a lesser extent, do Galium verum L., 

Hvpochoeris radicata L., Heracleum sphondylium L. and Taraxacum officinale 

Weber. Like C. arvensis the latter group are found in areas with only sparse 

grass'cover. However, unlike C. arvensis they produce a dark compact turf. 

Cerastium fontanum Baumgarten; Crepis capillaris (L. ) and Diplotaxis 

muralis (L. ) are associated with factor three. Factor four influences the 

distribution of Calystepia söldanella (L. ), Cirsium aryense (L. ) and 

Hippophae rhamnoides L. (which is present only as small developing plants as 

it is cut back annually), and factor six is loaded heavily on a single species, 

Ononis repens L.. Hypochoeris radicata loads positively not only on factor 
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two, but also on factor five in association with Carex arenaria L. which is 

common along trampled pathways through the dune (fig. 2.1 f). Festuca rubra 

loads negatively on factor five. 

No biological significance is attached to the plant associations described 

above, nor indeed was any explanation searched for. The exercise was done to 

obtain the principle plant associations which could then be included in an 

analysis to find the factors influencing the animal distributions. A 

summary of the plant groupings obtained is shown in table 2.8. This table 

also includes one species of rose (Rosa spp - probably R. pimpinellifolia L. ) 

which, though localised, was fairly abundant. 

(c) Factors influencing the animals horizontal distribution 

Relationship with plants on the study site. 

The presence or absence of each plant group in each of the 196 squares 

of the study site was determined using the simple criteria laid out in table 

2.8. For example, group IV would be present if three or more of the five species 

in that group were found together, and group V would be present if either 

Cerastium fontanum (the most abundant species in that'group) plus one other 

were found within one square or if the cover value, on the Domin scale, 

of C. fontanum alone was equal to or greater than three. The presence of 

any relationships between the animal and plant distributions were then searched 

for by means of a series of two by two contingency tables in which the 

distribution of the animals' aggregations were cross-tabulated with the 

distribution of the plant associations. This method measures the departure 

from independence (i. e. no relationship) between the animal and plant association 

being tested (Southwood 1966). The statistical significance of such departures 

2 
was determined using the chi-square (X) test. The results are shown in 

table 2.9. 

From table 2.9 it can be seen that the determinants of the millipede 

distribution were different from those influencing the woodlice, particularly 

A. vul«are and P. muscorum. This could be due to the distribution of specific 

food plants, to microclimatic conditions or to other factors. 



ý 

Table 2.8 List of plant associations with notes on simple criteria 

used to determine the presence of those groups in any area of 

the study site. The figures in column two refer to the 

plants estimated cover value on the Domin scale. 

Plant Association 

A. arenaria 

A. elatius 

D. glomerata 

P. Pratensis 

II A. arenaria 

A. pungens 

III C. arvensis 

IV G. verum 

H. sphondvlium 

I. officinalis 

H. radicata 

P. lanceolata 

V C. fontanum 

C. capilaris 

D. muralis 

VI C. soldanella 

C. arvense 

H. rhamnoides 

VII C. arenaria 

H. radicata 

VIII F. rubra 

IX 0. re ens 

X Rosa spp. 

Conditions 

Either/both A. elatius and P. pratensis 

have cover values ý. -*1 

or/ 

all four species present together. 

A. pungens must have a cover value 2 

The cover value %2 

Three species out of the five must be 

present together. 

Either C. fontanum and one other must be 

present 

or/ C. fontanum must have a cover value 3 

Either/ C. arvense and one other must be present 

or/ 

C. arvense must have a cover value 2 

C. arenaria must be present 

The cover value of F. rubra 4 

The cover value of 0. repens 

Rosa must be present 



Table 2.9 Relationships between macrodecomposer species and main 

plant associations which are significant at the 5% level 

, 
or less. + denotes a positive relationship; - denotes a 

negative relationship. Roman numerals indicate same plant 

groups as in table 2.8.4 

Plant Association A. vulgare P. scaber P. muscorum C. latestriatus 

I+++ 

II 

III 

IV 

v 
VI 

VII 

VIII 

IX 
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The most important part of the diet of the isopods and diplopod at 

Spurn was formed by dicotyledons (tab. 1.1). As none of the isopods showed 

a site preference due to the presence of dicots and the diplopod was 

positively associated with one dicot only it seems most unlikely that the 

distribution of food plants had an important effect on the'microdistribution 

of these four species. ' Bernays and Chapman (1970) found a similar situation 

in grasshoppers. 

2.5 DISCUSSION 

Three important conclusions can be drawn from this study. Firstly 

the horizontal distribution of the millipede was uninfluenced by the presence 

or absence of woodlice suggesting that there was very little interaction 

between them. Secondly although the woodlice had a closely associated 

microdistribution pattern on the study site there was a marked difference 

in the habitat preference of Philoscia muscorum and the other two. Thus 

P. muscorum was most abundant in the stable dune area whereas Armadillidium 

vul, -are and Porcellio scaber increased in abundance towards the dune crest. 

Thirdly the horizontal distribution of each species was probably not 

influenced by the distribution of food material. 

These findings, plus the work on the vertical distribution (next chapter) 

provide evidence both for and against the hypothesis that spatial separation 

could be an important niche dimension in macrodecomposers because of 

specialisation in the areas in which they search for food. 

The difference in habitat preference shown by P. muscorum from A. vulgare 

and P. scaber reflects their differential survival in these habitats. Evidence 

for this is provided in chapter four where the changing abundance of each 

species is related to variations in the environmental conditions on the site. 

Prior to 1973 the study site was approaching the 'dune heath' stage of 

development and P. muscorum was the dominant species in those conditions. 

However as a result of sand deposition in the successive winters of 1973/74 

and 1974/75 there was a population crash in P. muscorum. At the same time 
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P. scaber and A. vulgare peak numbers rose 2- and 3+ fold respectively. 

The preference of P. muscorum for the more stable dune area and P. scaber 

and A. vulgare for the dune crest is unlikely to be related to different food 

requirements for two reasons. Firstly because it was shown in section 2.4c 

that the presence of the most important food plants were of little value in 

determining their microdistribution and secondly because many of the plant 

species are present in each area, although in different relative proportions. 

It is more likely that humidity tolerances play an important part, as is the 

case for the three species of diplopod studied by Barlow (1957). ' The dune 

crest becomes very dry at times due to the poor water retaining properties 

of clean sand. For this reason the plants there either have deeply penetrating 

roots (Ammonhila arenaria, A, zropyron puncrens) or grow and flower in the spring 

(Convolvulus arvensis) before conditions become too unfavourable (Salisbury 1952). 

The greater organic content and surface litter characteristic of the stable 

dune buffers the soil against severe water loss and helps to'maintain a high 

humidity near the surface. Given these different properties of each site one 

could predict from the data presented by Edney (1954) that P. muscorum would be 

more abundant in the stable dune and the others would favour the drier conditions 

towards the crest. Furthermore if the crest became too dry for A. vulgare and 

P. scaber the observed migration onto the lee-side of the dune might be 

predicted. Similar observations on spatial separation in relation to varying 

microclimatic conditions in as goal ecosystem are reported for bog inhabiting 

pselaphid beetles (Reichle 1969). 

P. 

However humidity preferences alone cannot provide the full answer for 

scaber is more abundant on the crest'than A. vulpare and maintains this 

difference throughout the summer in contradiction of their humidity tolerances. 

Other factors such as the ease with which they can locate daytime refuges 

or their ability to right themselves once upturned may also be of importance. 

P. scaber and P. muscorum are prominent members of the woodland isopod 

fauna in Britain and here too show spatial separation (Brereton 1957). The 

same author found A. vulgare to be present only in open fields and*so was 
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spatially isolated from the woodland species. 

The evidence by which the distribution of the millipede can be judged 

is poor because it is rarely found under stones. However the data suggest 

that like P. scaber and A. vulgare it increases in abundance toward the dune 

crest. 

From the above discussion it appears that there is little evidence of 

spatial separation between three of the species at Spurn. This could be 

resolved if there were microhabitat differences. The two sampling programmes 

(i. e. stratified random and contiguous, quadrats) should reveal this if it 

is present. 

The data suggest that C. latestriatus interacts little with the woodlice. 

Thus its distribution on the study site is random with respect to them. The 

next chapter on vertical distribution indicates why this is probably so. 

However Cole's Index of Interspecific Association shows that the woodlice 

aggregates occur together too often for them to be considered independent. 

They have a strong affinity for the same sites, even at a sample size of 

0.006 m2. It should be noted however that their distribution is associated 

not with the most frequently eaten food plants but with dense grassy areas 

(tab. 2.9) (in the case of P. muscorum and A. vulgare at least). Sutton 

(1966) similarly found the distribution of P. muscorum, Trichoniscus rygmaeus 

Sars and Glomeris marginata (Villers)to be very closely related to the grass 

distribution in limestone grassland near Oxford. It is possible that the 

grass matrix provides the most suitable physical conditions in which the 

animals can operate, but it may also maintain the best microclimatic conditions. 

The vertical separation (next chapter) and independent microhabitat 

distribution of C. latestriatus and the horizontal separation of P. muscorum 

from A. vulrare and P. scaber fits well with the hypothesis of spatial 

separation. However it is difficult to reconcile with this the lack of any 

consistent separation of P. scaber and A. vul are at Spurn and the high 

positive association of isopods in any one area (tabs: 2.1 & 2.2). There 
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are three likely situations in which a high positive association could occur 

without invalidating the hypothesis: 

(1) Migration. Movements of P. scaber and A. vulgare are indicated in the 

present study and are suspected in P. muscorum (Sunderland et al. 1976). 

Migration would enable each species to penetrate all areas of the dune and 

maintain a greater overlap in distribution than would otherwise be possible. 

Furthermore differences in migration pattern of P. scaber and A. vulgare 

just before the young are released produce a temporary and partial separation 

which may result in a reduced overlap of food search areas of the juveniles. 

(2) Since the degree of association between the species was based on animals 

extracted from samples taken during the daytime the observed distribution 

may be related to daytime shelter sites. Area specialisation during feeding 

activity after dark is therefore not necessarily precluded. ', 

(3) There could also be vertical separation. Studies on the vertical 

distribution of each species are reported in the next chapter. 
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CHAPTER THREE 

VERTICAL DISTRIBUTION 

3.1 INTRODUCTION 

Many collemboles and acarines have been shown to occupy specific 

subhorizons in the soil profile (Davis 1963, Usher 1975, Curry 1971) but no 

studies have indicated this for Isopoda and Diplopoda. Furthermore the 

effect of the well documented vertical migrations of soil arthorropods (Dowdy 

1944, Biernaux & Baurantý 1964, Bocock & Heath 1967, Usher 1975) on this 

implied vertical partitioning of the habitat has received little' attention. 

Only Sutton (1966) and Anderson (1974) mention that the separation is likely 

to be reduced when the surface fauna is driven down by unfavourable microclimatic 

conditions. 

There is a considerable amount of information concerning the effect of 

microclimatic conditions on the behavioural responses of woodlice & millipedes 

in the laboratory (Cloudsley-Thompson 1951; Perttunen 1953; Edney 1954; 

Peitsalmi 1974 and others). However, despite both Puller (1938) and Edney 

(1951) stressing the need for information on their affect on the distribution 

of isopods in the field, relatively few such studies have been made, as is 

apparent from the comments of Edney (1968) and Sutton (1972). 

This chapter reports the results of studies on the vertical distribution 

of Armadillidium vulyare, Porcellio scaber, Philoscia muscorum (Isopoda) and 

Cvlindroiulus latestriatus (Diplopda). The effects of temperature and 

relative humidity on the vertical distribution of these macrodecomposers 

are described and the observed spatial distribution is discussed in relation 

to niche separation. 

3.2 - METHODS 

(a) Determination of vertical distribution 

Four cores of turf each O. 05m2 and 12-15 cm in depth were placed in fine 

mesh nylon bags and embedded'in the ground on the study site. Two weeks 

were allowed for settling before twelve animals of each species were put 

into each bag. Two weeks later the turves were lifted and sectioned into five 


