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Studios on the biology of moorland Collembola. W. G. Halo* 

Abstract of Ph«D. th e s i s * Ootober, I962 

Work on the biology of Collenbola (Springtails) was oarriod 

out between Ootobor 1959 October I962, on the Moor Houso National 

Nature Reserve, i n Westmorland* This i s an area of nigh Pennine 

moorland (1840ft. O.D.) which experiences a sub-Arctic olimate. 

Population studios were made on Limestone grassland, A l l u r i a l 

grassland and Heather moor, by means of a s t a t i s t i c a l sampling method* 

J uncus squarrosus grassland and the erosion and reoolonisation of 

blanket bog wore also studied from the points of riew of population 

densities and species differences. 

I n an attempt to explain the fluctuations i n numbers recorded, 

biologimal data was also obtained from laboratory cultures of selected 

speciese Obserrations on reproductive behaviour, fecundity, egg 

development, frequency of moulting, sex ra t i o s and age distributions 

were made* Breeding experiments on members of the Onyohiurus armatus 

species group were carried out, and these revealed what appears to 

be an unusual form of parthenogenesis} these experiments also showed 

that i n some species, at l e a s t , the c r i t e r i a for the d i v i s i o n of the 

0. armatus speoies group, which have been questioned by some 

continental workers, are v a l i d * 

Regular sampling of the selected vegetation types provided 

data on horizontal d i s t r i b u t i o n (aggregations), v e r t i c a l d i s t r i b u t i o n 

and seasonal variations i n the numbers and biomass of Collembola. 



Limestone grassland c a r r i e d the highest mean annual population 

density (52*92 1 10 por m ) and Juncus squarrosus grassland the 

lowsst (20.93 x 10 3 psr m 2). 

A fl o t a t i o n extractor, to remove Collembola from organic 

s o i l s , was designed and b u i l t , and th i s nay prore an important step 

forward i n the technique of studying the moorland fauna* 

The work forms a contribution to the study of moorland 

ecology, but i t i s olear that to obtain a comprehensive picture of 

the ecological importance of Collembola on moorland, a great deal 

of work w i l l be necessary i n the future. 
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INTRODUCTION 



Studies on the biology of moorland Collembola. 

INTRODUCTION 
The micro-arthropods of B r i t i s h uplands have 

received l i t t l e a t t e n t i o n from workers i n t h i s country. 
This thesis contributes towards f i l l i n g t h i s gap i n our 
knowledge by providing i n f o r m a t i o n on the Collembola, or 
s p r i n g t a i l s , of a r e s t r i c t e d area i n the northern Permines, 
namely the Moor House National Nature Reserve, i n 
Westmorland. 

order, i n the Sub-Class Apterygota ( I n s e c t a ) , although 
there i s some d i v e r s i t y of opinion concerning t h e i r 
r e l a t i o n s h i p s w i t h other Apterygote groups and the 
Pterygote insects i n general- Imms (1936) considers 
th a t they are best regarded as a specialised offshoot 
from the base of the early Symphylan stock, but stresses 
the remoteness of the group from the main e v o l u t i o n a r y 
l i n e of the Insecta. Swing ( 1 9 ^ 2 ) , Wygodzinsky ( 1 9 ^ 3 ) , 

Jeannel (19*+9) ? Paclt (195*+) and Ross (1955) give more 
recent assessments of the taxonomic p o s i t i o n of the group 
but, f o r the most par t , support the conclusions of Imms. 

Whilst i t i s generally considered that the grouo 
r e t a i n s rather p r i m i t i v e f e a t u r e s , G i s i n ( 1 9 ^ 3 ) , Delamare-
Debouteville (1950) and Paclt (1956) have suggested t h a t 

The CollemboL .a are u s u a l l y given the status of an 

*9\ 
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many of these are adaptations t o l i f e i n the s o i l ; 
Delamare-Debouteville points out t h a t the persistence 
of p r i m i t i v e c h a r a c t e r i s t i c s i s t y p i c a l of s o i l - l i v i n g 
groups and a t t r i b u t e s t h i s t o the s t a b i l i t y of the s o i l 
as an environment. Gilyarov (1949) suggests t h a t a e r i a l 
h a b i t a t s were f i r s t colonised by insects v i a the s o i l . 
Collembola a c t u a l l y l i v i n g i n the s o i l spaces seldom 
exceed 3 mm. i n length but the surface and l i t t e r - l i v i n g 
forms nay reach a length of 6-7 nffii* 

Numerically the Collembola u s u a l l y take second 
place only t o the A c a r i i n the a i r - b r e a t h i n g fauna of the 
s o i l , and on occasions ( S t o c k l i 1943, 1946) they have been 
found to be even more numerous than the mites. Probably 
as a r e s u l t of the frequency w i t h which they are found i n 
s o i l samples, there i s an extensive l i t e r a t u r e on the 
group, although i n Great B r i t a i n few e c o l o g i c a l studies 
have been made. 

The l i t e r a t u r e on the fauna of s o i l s deals mainly 
w i t h mineral s o i l s , and i s of i n t e r e s t p r i m a r i l y from the 
point of view of comparison w i t h the moorland peats. 
However, data i s included here on two types of mineral 
s o i l s occurring on the Moor House Reserve, namely the n u l l s 
of the Limestone grassland and the A l l u v i a l grassland of 
the strearasides. Information on the Collembola of a c i d 
peat s o i l s , w i t h the exception of a single paper by 
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Murphy ( 1 9 5 5 ) , occurs only i n the c o n t i n e n t a l l i t e r a t u r e . 
Records of Collembola from northern England e x i s t 

i n the pu b l i c a t i o n s of Bagnail (1910 et seq.), G i s i n (1956) 

and Murphy (1955, 1958, 1960) . For other upland and 
moorland areas records may be found i n the p u b l i c a t i o n s of 
Carpenter and Evans ( lo99), Evans ( 1 9 0 1 ) , Bagnall (1914 et 
seq.), Vomersley (1926 et seq.), Davies (1934) and Milne 
( 1 9 6 0 ) . With the exception of t h a t of Milne (1960) a l l 
these papers are of a taxonomic nature but con t a i n b r i e f 
notes on the ecology of the species concerned. Murphy 
( 1 9 5 5)5 v/ho worked on the Moor House Reserve before the 
present study was begun, has provided the only e c o l o g i c a l 
information a v a i l a b l e i n t h i s country concerning the 
Collcmbola of high moorland, although Jackson (1925) and 
Macfadyen (1952) dealt w i t h the fauna of fen land, which 
has a s i m i l a r s o i l - t y p e and plant cover. 

Due t o the advances i n the taxonomy of the 
Collembola, generally, and the revised species concept 
applied t o c e r t a i n groups, i t i s o f t e n d i f f i c u l t or 
impossible t o make comparisons w i t h the published data 
of many of the e a r l i e r workers. However, t h i s has been 
done wherever possible. 

The work recorded i n t h i s t h e s i s f a l l s i n t o two 
major categories; f i r s t l y , the in f o r m a t i o n derived from 
f i e l d work and regular sampling of the area; and secondly, 



i n f o r m a t i o n obtained from laboratory c u l t u r e s of various 
selected species. I n t e g r a t i o n of the t i ro aspects of 
the study has been made where relevant. 

I n t h i s t hesis b o t a n ical nomenclature f o l l o w s 
Clapham et a l (1952) f o r higher p l a n t s , Watson (1953) 

f o r lichens and Watson (1955) f o r mosses; s o i l nomen
c l a t u r e f o l l o w s the c l a s s i f i c a t i o n of Kubiena (1953). 



PART A. 
THE MCKGROUITD 

I . THE STUDY AREA 
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I . TEE STUDY AREA 

1) I n t r o d u c t i o n . 
The Moor House n a t i o n a l Nature Reserve (IT.R.30) 

i s located i n the northern Pennines (Rat. Grid Ref. 
EY 75o329), 10 miles south of A l s t o n , Cumberland, although 
the Reserve i t s e l f l i e s i n Westmorland.' Situated t o the 
south-east of Cross F e l l , much of the Reserve i s over 
1300ft. O.D. , and includes the three p r i n c i p a l f e l l s of 
Great Dun (278O f t . ) , L i t t l e Dun (2,701 f t . ) and Knock 
(260^- f t . ) . The three f e l l s form the peak of the western 
escarpment, and t o the east the ground slopes more 
gently over an area of the Reserve forming part of the 
headwaters of the River Tees. The e n t i r e area i s much 
dissected by streams which, i n the west, run i n t o the 
River Eden- Fig. 1 shows the part of the Reserve where 
most of the work was car r i e d out; the sampling s i t e s are 
numbered and these are r e f e r r e d t o l a t e r i n the t e x t . 

The climate i s c h a r a c t e r i s t i c a l l y cold and wet 
(Hanley 1952), and the whole area i s o v e r l a i n by blanket 
peat i n various stages of erosion and regeneration. At 
present the forces of erosion appear to be predominant, 
and the Reserve i s part of moorland forming a t y p i c a l 
Grousernoor, i n which the o r i g i n a l water-table has been 
lowered. M u l l s o i l s are r a r e , and are r e s t r i c t e d to the 



F i g . 1 . 

Map of part of the eastern slopes of the 
Moor House Reserve. The sample s i t e s are i n d i c a t e d 
by black s t a r s , and the numbers r e f e r t o the d i f f e r e n t 
vegetation and s o i l types mentioned i n the t e x t . 



Fig. 1. 
Moor House Reserve - Sample sites. 

^Xtaoc Hill wvcr 
Tecs 

i e o o 
46. 

Trout 
Beck Doogcn 

® Boo Moor 
House Hil 

i«oo 
Rough 
Sikc 

*©0 
Most 
Burn 

Netherhearth 
Sftc Most 

Flats u s * 

IOOO 

Long 
HW 

Ncthcrhc Flats 



6. 

limestone outcrops and the stream sides. The whole area, 
apart from special enclosures, i s grazed by sheep through
out the summer. 

General descriptions of the Reserve have been 
made by Conway (1955) 5 Nicholson (1957), Svendsen (1957) 
and Coulson (1959). 

2) The pedalogical background. 
The geology of the area has been studied by 

Dunham (19^8) and by Johnson (1953), and according t o 
these authors, the area l i e s on the Yoredale series of 
Carboniferous limestones, sandstones and shales. The 
l a t t e r author has produced maps of both the geology and 
the pedology of the Reserve. 

Since the area i s covered almost e n t i r e l y by a 
layer of g l a c i a l d r i f t , and above t h i s by blanket peat, 
the basement rock has l i t t l e e f f e c t on the s o i l s t r u c t u r e 
except where i t has been l a i d bare by the forces of 
erosion. These areas are few, and here the outcrops 
pro j e c t from the surface of the d r i f t , and there i s l i t t l e 
chance of the establishment of s o i l s derived d i r e c t l y 
from the rock- Areas from which the peat has been eroded, 
and where the d r i f t l i e s upon limestone, have a s o i l 
r e f e r a b l e t o a Eutrophic or Hesotrophic Braunerde 
(Kubiena 1953). Typical examples of t h i s may be found 
on the Reserve i n House F i e l d , and at Green Hole. 
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Except along the stream sides, the r e s t of the 
Reserve i s covered by deep peat, and the s o i l present over 
most of the area i s Dystrophic Peat Ranker. I n areas 
where the peat has been dis t u r b e d , along the edge of the 
moor or along stream sides, peat s l i p s occur which lose 
t h e i r o r i g i n a l plant cover and become covered by grasses. 
I n such 1 moor-edge zones 1 the s o i l type can be r e f e r r e d t o 
as Peat Anmoor. 

I n the wide range of temporary and semi-permanent 
s o i l s found along the stream sides, a f o u r t h important 
s o i l type occurs. This i s an azonal s o i l and i n some 
places, eg. Trout Beck F l a t s , i t forms a l l u v i a l fans. 
I t i s formed by an admixture of mineral p a r t i c l e s from the 
stream beds, and peat eroded during the formation of haggs 
which d r a i n i n t o the streams; a much f i n e r and more a c i d 
s o i l than the Braunerde, i t supports a s i m i l a r vegetation. 

The whole area may be considered to be both 
c l i m a t i c a l l y and g e o l o g i c a l l y s t r o n g l y podsolising-

3) The botanical background. 
Lewis (190k) included the Reserve i n a survey of 

the botany of the northern Pennines and h i s general 
conclusions may s t i l l be applied to the area. The moor 
i s almost e n t i r e l y 1 blanket bog 1, o v e r l y i n g peats reaching 
a thickness of 1 2 - l U f t . At the present time, much of the 
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bog i s thought not to be i n an a c t i v e l y growing c o n d i t i o n , 
as i n t h i s state i t should have a more or less continuous 
Sphagnum cover (Pearsall 1950); a t Moor House t h i s occurs 
only i n a few r e s t r i c t e d places. Over the r e s t of the 
moor the Sphagnum cover i s discontinuous or absent, 
r e s u l t i n g i n a vegetation type r e f e r r e d t o by P e a r s a l l 
as 1 mixed moor1 . However, t h i s i s close t o the c o n t i n 
e n t a l concept of 'Eochmoore1 ( r a i s e d bog), and V a l l e y Bog, 
one of the few areas at Moor House believed t o be s t i l l 
a c t i v e l y growing, may be of t h i s type (Murphy 1955). The 
dif f e r e n c e between blanket bog and Hochmoore l i e s i n the 
mode of peat production; whereas i n the former peat i s 
probably b u i l t up by a steady, uniform growth, Osvald 
(1923) has suggested that the rais e d bog i s b u i l t up by a 
complex of raised hummocks and w a t e r - f i l l e d hollows 
succeeding each other. 

Lewis {190k) divides the eastern slopes of the 
area i n t o three types, d i s t i n g u i s h e d p r i m a r i l y by the 
r e l a t i v e abundance of Eriophorum; 

i ) An upper zone of Ca1luna/Vaccinium moor, 
developed on dry slopes and shallow peats. 

i i ) Lower l y i n g Calluna/Eriophorum moor, growing on 
deeper peats. This i s mixed moor, although i t should be 
recognised t h a t the term encompasses a v a r i e t y of h a b i t a t s ; 



9. 

some may be very wet, having large amounts of Sphagnum 
and very l i t t l e heather l i t t e r present, e.g* Cottage H i l l , 
n o r t h of Troutbeck (Fig, 1), w h i l s t other areas may be 
r e l a t i v e l y dry, w i t h l i t t l e Sphagnum and an accumulation 
of heather l i t t e r , e.g* Burnt H i l l . 

i i i ) Eriophorum bog, where the peat becomes very 
wet, denudation i s rapid and bare peat i s common, e.g. 
Koss F l a t s . This type of vegetation i s t y p i c a l of the 
erosion complex, where hagg formation has become so 
exaggerated that patches of the o r i g i n a l v e g e t a t i o n remain 
only as hummocks on the bare peat, which i s i n places 
recolonised by Sriophorum a n g u s t i f o l i u u i and E. vaginatum. 

Areas of shallow peat (Peat Anmoor) i n the moor 
edge zones support a f l o r a dominated by grasses, 
p a r t i c u l a r l y Juncus squarrosus and Festuca ovina. Grasses 
are also dominant on the mull s o i l s of the stream sides 
and l i m e s t o n e - d r i f t areas; here Festuca ovina and 
A g r o s t i s tenuis are the commonest species. 

Further d e t a i l s of the plant cover w i l l be found 
i n the f o l l o w i n g section on the s p e c i f i c sampling s i t e s . 

k) The sampling s i t e s . 
Five main sampling s i t e s were selected, these 

being t y p i c a l of the major h a b i t a t s found on the Reserve. 
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a) The Limestone Grassland S i t e (Plate 1). 
Situated between Rough Sike and lioss Burn 

(1. F i g , 1), the s i t e has a s o i l type r e f e r a b l e t o a 
Eutrophic or Mesotrophic Braunerde. The depth of the 
s o i l r a r e l y exceeds 50 cm., due t o the bedrock, Tyne-
bottom Limestone, being close t o the surface. The s o i l 
i s w e l l aerated, both earthworms and moles being present, 
and arthropods may be found throughout the s o i l p r o f i l e . 
The drainage i s good, and the pH of the s o i l v a r i e s from 
k.9 (Banage 1960) t o 6.6 (A. Eddy, pers. comm.). A 
t y p i c a l upland grassland, the area i s dominated by 
Festuca ovina (Plate 2a), w h i l s t A g r o s t i s canina and 
A. tenuis are also present, though less commonly. The 
s i t e i s t y p i c a l Festuca-Agrostis grassland ( P e a r s a l l 1950) 
and i t i s cropped by sheep during the slimmer months. The 
vegetation mat i s some 3 cm. t h i c k , and d u r i n g sampling 
t h i s was separated from the s o i l proper. 

b) The A l l u v i a l Grassland s i t e (Plate 3). 
This s i t e i s located i n the angle formed by the 

j u n c t i o n of Trout beck and Nether Hearth Sike (2. F i g . 1). 
The azonal s o i l i s a mixture of peat and mineral p a r t i c l e s , 
and here again both earthworms and moles are present. 
A well-aerated s o i l , i t i s somewhat denser than t h a t of 
the limestone grass-land, and the m i c r o c a v i t i e s are much 



PIATE 1 . 

The Limestone Grassland s i t e looking westwards. 
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PLATE 2. 

a) The vegetation of the limestone grassland; 
t y p i c a l Festuca-Agrostis grassland w i t h Thymus druc e i 
i n flower. x^= 

b) Outcropping limestone on the limestone grassland, 
w i t h Pihacomitrium lanuginosum and C ladonia s y I v a t i c a . x-̂ . 
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PUTS 3 

a) The A l l u v i a l grassland s i t e looking south. 

b) The Juncus squarrosus s i t e (Dodgen P o t ) , f a c i n g 
n o r t h ; the Juncus squarrosus area l i e s between the 
Calluna moor i n the background and the Juncus effusus 
i n the foreground. 
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smaller than i n that s o i l . The vegetation i s very 
s i m i l a r to t h a t of the limestone grassland, but there are 
no lichens, whereas Cladonia r a n g i f e r i n a i s found commonly 
on the braunerde. The grass i s cropped by sheep during 
the summer and the vegetation mat i s s i m i l a r i n thickness 
to that of the limestone s i t e ; here again, i t i s separated 
from the s o i l proper during sampling. The plant cover 
may be said t o be intermediate between the species-rich 
Festuca-Agrostis limestone grasslands and the poor 
Festuca-Agrostis grasslands of the high l e v e l a c i d podsols. 
The pH ranges from k.$ to 6.0 (A. Eddy, pers. comm.). 

c) The Calluna s i t e (Plate k). 
An area of mixed moor was selected to the n o r t h 

west of Dodgen Pot Sike (3- F i g . 1), t h i s being the same 
area sampled by Banage (1960) f o r Nematodes. Calluna 
v u l g a r i s was the dominant p l a n t , Eriophorum vaginatuiru 
E. a n g u s t i f o l i u m , Empetrum nigrum, Vaccinium m y r t i l i s 
and Rubus chamaemorus occurring commonly. Sphagnum 
rube Hum was found to be the dominant Sphagnum species, 
and Cladonia s y l v a t i c a - C. impexa and C. u n c i a l i s were 
p l e n t i f u l - Hypogymnia physodes occurred as an epiphyte 
on the Calluna. The s o i l p r o f i l e was t h a t of a t y p i c a l 
Dystrophic Peat Ranker. The water t a b l e \^s found t o be 
lower than i n some areas of mixed moor, e.g. the Cottage 
H i l l s i t e , and the Sphagnum cover was less complete, 



PLATE k 

The Dodgen Pot Calluna s i t e . 

a) Close up of the vegetation cover; Calluna 
v u l g a r i s , Eriophorum vaginatuni and Hubus chamaemorus 
(top c e n t r e ) . x \ . 
The r u l e i s 30 cm. long. 

b) General view of the sampling s i t e , looking west. 
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there being much more heather l i t t e r present than i n 
th a t area- This f a c i l i t a t e d sampling, as the l i t t e r 
was much more e a s i l y sampled than the moss. Banage 
(1960) records the pH of t h i s s i t e as k.$ - k.9. 

d) The Juneus squarrosus s i t e (Plate 3)» 

A moor-edge zone (*+a. F i g . 1) j u s t below the 
Calluna s i t e described was f i r s t sampled during 1960, but 
due t o frequent previous sampling i t was decided t o 
u t i l i s e a new s i t e a f t e r one set of samples had been 
taken* The new area (*+b. Fig* 1) was located below the 
Cottage H i l l Calluna s i t e , on a p e a t - s l i p above the 
a l l u v i a l f l a t s of Troutbeck. The f o l l o w i n g d e s c r i p t i o n 
applies equally to both s i t e s sampled. 

The s o i l - t y p e may be r e f e r r e d t o a Peat Anmoor, 
and cores taken tended t o break o f f a t a depth of about 
3 cm., where the fermentation layer merged i n t o dense 
black peat, which i s not penetrated by arthropods. The 
vegetation i s dominated by Juncus squarrosus and Festuca 
ovina, w i t h A g r o s t i s canina, A. tenuis and Pes champ sia 
flexuosa occurring frequently. Galium hercyniunu Nardus 
s t r i c t a and P o t e n t i l l a erecta were present, together w i t h 
Sphagnum mosses (mainly S. recurvum), Polytrichum commune 
and the l i v e r w o r t Lophocolea bidentata. L i k e the other 
two grassland areas t h i s i s cropped by sheep. The pH i s 
k.$-k.6 (Banage 1960). 
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e) The erosion complex of Moss F l a t s ( p l a t e 5)• 
The s i t e selected f o r the study of the fauna of 

the erosion complex was an area of Moss F l a t s (5. F i g , 1) 

which l i e s near the head of Rough Sike. Here the 
blanket bog i s dissected by haggs i n t o t a b u l a r masses, 
at times t o such an extent as t o leave only small 
heather-covered hummocks on a mass of bare peat. When 
a hagg i s f i r s t formed, loose peat f a l l s i n t o the channel 
and i s washed away; the vegetation tends to b i n d the 
surface peat, and a l i p i s formed on the edge of the hagg. 
As i t dries out i t s cover of Calluna i s l o s t , together 
w i t h the mosses, and the l i p becomes covered w i t h Cladonia 
coccifera agg. . Because of the erosion of peat from 
beneath the l i p , t h i s comes to form an overhang (Plate 6a), 

and the peat here i s no longer waterlogged; t h i s makes 
i t possible f o r arthropods t o enter i n t o i t s spongy mass. 

The improved drainage and the exposure, both 
r e s u l t i n g from the formation of the hagg, allows the edge 
of the blanket bog t o dry out and mosses are not normally 
found closer than one metre from the edge of the overhang, 

Later i n the erosion cycle the d i s s e c t i o n of the 
bog becomes so extensive t h a t only small hummocks of 
vegetation remain on exposed areas of bare peat (Plate 6b). 

Each hummock or anti-hagg (Bower 195?) has a gradual slope 
of bare peat up to i t s f r o n t , t h a t i s t o say, the side 



PLATE 5 

T y p i c a l peat erosion down to the bedrock, on 
the northern side of Moss F l a t s . The stream i s 
1 metre wide. 
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PLATE 6 

a) The hagg l i p or overhang, w i t h i t s cover of 
Cladonia coccifera agg=. x § 

b) A r e s i d u a l hummock on Moss F l a t s , looking south; 
the p r e v a i l i n g wind i s from the r i g h t side of the 
photograph. x sb 
The r u l e i s 30 cm. long. 
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f a c i n g the p r e v a i l i n g winds. Here the hummock has a 
1 scarp 1 slope of bare peat; the dip slope of the 
hummock i s covered by vegetation, and t h i s i s the remains 
of the o r i g i n a l blanket bog. Mosses are generally 
absent, due to the d r i e r , more exposed nature of the 
hummock, and Calluna v u l g a r i s , Erica spp*, and Empetrum 
nigrum are u s u a l l y the only species found on the dip 
slope; above the scarp slope a small overhang i s some
times present, and l i k e the hagg l i p s t h i s i s covered by 
Cladonia coccifera agg.. 

Surrounding the hummocks the bare peat surface i s 
covered by the remains of b i r c h trees (Betula) long 
buried i n the peat and now uncovered by the processes of 
erosion. Some of the drainage channels have cut i n t o 
the peat as f a r down as the bedrock, which i n t h i s area 
i s sandstone, and i n places damp runnels are formed i n 
which small fragments of sandstone occur p l e n t i f u l l y 
(Plates 5 & 8b ) . 

I n some places r e c o l o n i s a t i o n of the bare peat i s 
taking place. Eriophorum a n g u s t i f o l i u m (Plate 7a) i s 
the f i r s t plant to gain a f o o t h o l d i n t h i s h a b i t a t , and 
when i t has formed a mat on the surface the more tussocky 
E. vaginaturn (Plate 7b) may become established. I t i s 
thought that once such a plant cover becomes permanent 
Calluna i s able t o f l o u r i s h once more. 



PLATE 7. 

a) Eriophorum a n g u s t i f o l i u m growing on bare peat 
on Moss F l a t s . x l!o 

b) Eriophorum vaginaturn tussocks growing on bare 
peat on Moss F l a t s ; E. an g u s t i f o l i u m i n the 
background. x t o 
The r u l e i s 30 cm. long. 
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When the bare peat i s l e f t undisturbed f o r some 
time i n areas where b i r c h roots are not p r o j e c t i n g from 
the surface, an a l g a l mat forms. As t h i s d r i e s i t 
cracks, and gives r i s e to large f l a k e s (Plate 8 a ) , some 
12 i n s . i n diameter. Beneath these Collembola soon 
become established. 

Banage (1960) c i t e s a pE of k.3-k*6 f o r the bare 
peat. 

f ) Other sampling s i t e s . 
Apart from sampling r e g u l a r l y i n the s i t e s 

described above, q u a l i t a t i v e samples were taken from the 
f o l l o w i n g h a b i t a t s : 

i ) Juncus effusus (Plate 3b). The l i t t e r layer 
formed a t the base of t h i s rush was sampled r e g u l a r l y 
throughout the period of the f i e l d work. The s i t e 
selected was the a l l u v i a l f l a t s of Troutbeck, close t o 
the a l l u v i a l grassland s i t e . 

i i ) Mixed Moor on Cottage H i l l . This was a 
wetter s i t e than that above Dodgen Pot Sike and, apart 
from q u a l i t a t i v e c o l l e c t i n g , samples f o r m i c r o d i s t r i b u t i o n 
were taken here. 

i i i ) P o l y t r i c h i a . Beds of P. commune (Plate 9b) 

occurring on the Calluna s i t e , the limestone grassland 
s i t e , the two Juncus s i t e s , and elsewhere on the Reserve 
were sampled several times. 



PLATE 8. 

a) Bare peat cracking and f l a k i n g on Moss F l a t s ; 
on the top r i g h t of the photograph the a l g a l mat 
i s f l a k i n g away from the mass of peat. 

b) Fragments of sandstone on the bare peat on 
Moss F l a t s ; the t y p i c a l h a b i t a t of Isotoma 
antenna l i s . x -J. 
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i v ) Areas of Sphagnum, both on V a l l e y Bog and i n 
flushes surrounding Moss F l a t s (Plate 9a),-were f r e q u e n t l y 
sampled. 

v) Water bodies. The surfaces of pools on the 
open moor and on the various streams on the Reserve were 
examined from time to time. 

Habitats s i m i l a r to the main sampling s i t e s were 
c o l l e c t e d over f r e q u e n t l y , and c o l l e c t i o n s were made i n 
the upper regions of Crox^dundle Beck, on the western side 
of the Reserve. 



PUTE 9. 

a) Sphagnum f l u s h on the northern side of 
Moss F l a t s . 
The foreground i s h metres i n width. 

Polytrichum bed i n Sphagnum f l u s h , x \. 
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I I . THE MOORLAND HABITAT 

The ecological investigation of moorland animals, 
of which t h i s work forms a part, was begun i n the hope 
that with i t s rigorous climate and l i m i t e d f l o r a , moorland 
would provide a r e l a t i v e l y simple natural habitat i n 
which an analysis of the fauna could be carried out. 
Subsequent work has shown that the i n t e r a c t i o n of the 
climate, which gives r i s e to processes of erosion and 
regeneration, with the effects brought about by man i n 
sheep and grouse management, has produced a highly 
complex system (Cragg 1961). 

1) Climate. 
a) Introduction. 

Manley (1936) has compared the climate of the 
northern Pennines with that of the sub-Arctic climate at 
sea l e v e l , and Pearsall (195°)j by comparing January and 
July mean temperatures with those of Ben Nevis, shows 
that the Moor House Reserve i s t y p i c a l of the montane 
zone of Great B r i t a i n . Further information concerning 
the Moor House climate exists i n the l i t e r a t u r e (Manley 
19^3, Green 1958, 1959). Since 1952, when the f i e l d 
s t a t i o n was f i r s t opened, meteorological data have been 
collected regularly. The data presented here are taken 
from the Meteorological Summary f o r Moor House where the 
st a t i o n i s at a height of l,8>+0 f t . O.D.. Table 1 
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Table 1. Summary of meteorological data f o r 
Moor House, 1960 and 1961. 

1960 1961 

Annual r a i n f a l l (ins.) 72.8 (185cm.) 78.h (199cm.) 

Mean daily temperature°F. 1*1.6 (5A°C.) **1.9 (5*5°c») 

Number of r a i n days ^ 250 2kl 

Period of snow cover (days) 61 55 

Days of ground f r o s t 1̂ 3 153 

Average dai l y sunshine (hrs.) 3*1^ 2.80 

Days on which r a i n f e l l 
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summarises the general climatic data f o r 1960 and 1961-

b) Temperature. 
The monthly mean maximum and mean minimum 

temperatures during the two years of f i e l d work are 
shown i n Fig. 2. Similar temperature conditions 
prevailed over both years (see Table 1) but January and 
February 1961 were appreciably warmer than the same 
months i n 1960. 

Due to variable weather conditions, where damp 
misty days are followed by dry cloudless ones, there i s 
a wide range of dai l y temperatures, and f r o s t occurred 
i n a l l months i n 1960 and 1961. 

c) Pr e c i p i t a t i o n and evaporation. 
Pearsall (1950) records that an average annual 

r a i n f a l l of 50-55 i n . (127-1^0 cm.) i s s u f f i c i e n t to 
give r i s e to conditions of bog growth. Table 1 shows 
that the Moor House Reserve l i e s well w i t h i n the l i m i t s 
of bog growth, with an annual r a i n f a l l of over 70 i n . 
(178 cm.). Table 2 shows the p r e c i p i t a t i o n and evap
oration which occurred during 1960 and 1961- I n only 
two months, May and June 1960, did the p o t e n t i a l evap
oration exceed the p r e c i p i t a t i o n . 



Fig. 2 

Monthly mean maximum and minimum temperatures 
recorded at the Moor House Meteorological Station, 
18^0 feet O.D., f o r 1960 and 1961. 



Fig. 2. 
Monthly mean maximum and minimum 

temperatures Moor House 1960-61. 
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Table 2. Monthly P r e c i p i t a t i o n and Potential 
Evaporation ( i n i n s . ) $

 L960 and 1961. 
Data from Meteorological Summaries f o r 

Moor House, 1960 and 1961. 

1960 1961 

Month 
Precip
i t a t i o n 

Evapor
at i o n 

Precip
i t a t i o n 

Evapo] 
a t i o i 

January Q.k 0.5 10.1 1.0 

February 7*** 0.6 6.7 0.5 
March 2.7 0.9 if. 9 2.1 

A p r i l 1-9 k.6 1.5 
May 2 . 5 * 3-0 * 3-5 2.5 
June 3.0 * 3 . 7 * 3-3 2.2 

July 7.9 2.0 7-7 2.2 
August 2.2 8.7 1.5 
September 3.3 0.9 5.1 1.5 
October 8.k 0.6 ll.h 0.5 
November 12.3 0.2 6.3 -0.2 
December 7-5 0.2 6.1 0.3 

Total Year 72.8 16.7 78. k 15-6 

Only two months where evaporation exceeded p r e c i p i t a t i o n 
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d) Relative Humidity. 
The Relative Humidity of the atmosphere i s 

associated with the r a i n f a l l , and as would be expected 
from the r a i n f a l l figures i n Table 2, high values are 
recorded at Moor House. The average Relative Humidity 
at 0900 G.M.T. at Moor House i n 1960 was 89-3$ and i n 
1961, 89.8$, compared with an annual average of about 
80$ at sea level (Manley 1952). 

2) S o i l water content. 
a) Introduction. 

Crump (1913) has shown that the ' r e l a t i v e 
humidity 1 of peaty s o i l s depends on the humus content, 
and Pearsall (1950) has used the water/humus r a t i o as a 
measure of t h i s . Banage (1960) has pointed out that 
confusion might arise from the use of the term ' r e l a t i v e 
humidity 1 , and has proposed i n i t s place the term 'index 
of humidity' ; t h i s term i s adopted here, and i s applied 
to both organic and mineral s o i l s . The indices of 
humidity f o r peat and mineral s o i l s are not s t r i c t l y 
comparable, but serve to show the r e l a t i v e water content 
(see footnote to Table 7). 

b) Measurement and drainage. 
On a l l sampling dates a f t e r and including 23 May, 

1960, measurements of s o i l water content were made on a l l 
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sample units collected. This provided a long series 
of data which i s summarised i n Tables 3-7* The sample 
un i t s were weighed before extraction of the Collembola, 
and l a t e r they were dried at a temperature of 105 C. to 
constant weight. 

Whilst the mineral s o i l s were r e l a t i v e l y w e l l 
drained, a l l the peat soils were l i a b l e to waterlogging, 
and because of t h i s arthropods were ra r e l y found below 
3 cm. deep (see page 2.3*1). Where erosion occurred on 
the moor, the peat soils were better drained, as i s 
indicated i n Table k. Conway and M i l l a r (1960) have 
provided data on the drainage of small peat catchment 
areas at Moor House, and have shown that the uneroded 
moor has a considerable water storage capacity i n i t s 
surface layers, as compared with an eroded catchment area. 

3) The relationships of the s o i l types. 
Pearsall (1950) has summarised the relationships 

of upland s o i l s , and following t h i s scheme Table 8 gives 
a c l a s s i f i c a t i o n of some of the Moor House s o i l types. 
The indices of humidity are averages f o r a period of 
twelve months, and values of pH are taken from Banage 
(1960) and A. Eddy (pers. comm.). 
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Table 3- Water content of samples from heather 
l i t t e r on mixed moor. 
The figures are indices of humidity. 

Date Upper 3 cm. 

23.1.61 7-36 
20.2.61 9.18 
18.3.61 6.50 

18.4.61 8.27 
15.5.61 7.73 

5.6.61 5.67 

5.7.61 8.01 
28.7.61 9.8I 

28.8.61 7.53 

25-9.61 
23.10.61 9.35 

22.11.61 7.12 

11.12.61 8.92 

Figures are means of 15 sample u n i t s i n a l l cases. 
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Table h~ Water content of samples from d i f f e r e n t 
vegetation types on the erosion and 
recolonisation complex on Moss Flats* 

The figures are indices of humidity-

Date 
Hummock 

top Hag?, l i p 
Erionhorum 

ansustifolium 
Eriophorum 
vaginaturn 

27-2.61 3-63 2.52 4.39 4.01 

29.5-61 1.04 1.09 3.61 3.44 

5.9.61 3.26 1-75 4.32 3.60 
4.12.61 3.40 2.96 5.70 7.25 

Figures are means of 15 sample u n i t s each 3 onu deep, 
except f o r Eriophorum vaginatum -where the figures are 
means of 8 u n i t s 6 cm. deep. 

Table 5- Water content of samples from Juncus squarrosus. 
The figures are indices of humidity. 

Date Upper 3 cm. Lower 3 cm. 

20.2.61 5.78 5,07 

15-5-61 5.50 

28.8.61 6.56 

11.12.61 7.55 

Figures are means of 15 sample units i n a l l cases. 
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Table 6. Water content of samples from cropped 

Limestone grassland. 
The figures are indices of humidity. 

Date Upper 3 cm. Lower 3 cm. 
23.5.60 0.89 0.73 

27.6.60 0.57 0.$h 

18.7-60 1.07 0.76 

22.8.60 1.08 0.71 

26.9.60 1.16 0.80 

2k.10.60 1.̂ 6 0.87 

Ht.11.60 1.70 1.12 

16.1.61 1.77 1.02 

13-2.61 1.3»» 0.86 

13.3.61 1.68 0.65 

10.it.61 1.57 0.97 

8.5.61 1-73 1.08 

5-6.61 0.61+ 0.51 

5.7.61 1.38 0.92 

28.7.61 1.H2 0.90 

28.8.61 1.39 1.05 

25.9.61 1.1+5 0.99 

23.10.61 I.87 1.17 
22.11.61 1.66 

11.12.61 1.9^ 1.11+ 

Figures are means of 15 sample u n i t s i n a l l cases. 
: See footnote to Table 7. 
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Table 7. Water content of samples from grazed 
a l l u v i a l grassland. 

The figures are indices of humidity. 5^ 

Date Upper 3 cm. Lower 3 cm. 

6.6.60 0.47 0.34 

4.7.60 0.53 0.32 

25.7.60 O.76 0.51 

29.8.60 0.81 0.60 

26.9.60 1.08 0.60 
24.10.60 1.11 0.72 

14.11.60 1.18 0.72 

16.1.61 1.11 0.72 

13.2.61 0.91 0-71 

13.3.61 1.00 0.70 

10.4.61 1.03 0.68 

8.5.61 1.19 O.76 

Figures are means of 15 sample u n i t s i n a l l cases. 
^Note. I n both mineral s o i l s the 1 index of humidity 1 i s 

"water 
equivalent to the r a t i o -» „ , and i s thus not a 

H dry weight 
true 'index of humidity 1; the water content i s shown 
i n t h i s way purely f o r purposes of comparison with the 
water content of the organic s o i l s . An index of humidity 
of 1 i s equivalent to a $0% water content, of 2 to a 67$ 

water content, 3 to a 75% water content, etc. 
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Table 8. Cl a s s i f i c a t i o n of Moor House s o i l types. 

S o i l 

Bare peat with 
E» angustifolium 
Heather l i t t e r 
on mixed moor 

Juncus 
squarrosus 

A l l u v i a l 
grassland 

Limestone 
grassland 

pH 

>+.5- .̂9 

k*5-k.6 

Index^of Group C l a s s i f i c a t i o n 
humidity 

8.11 

6.35 

k. 5-6.0 0.93i 

^-9-6.6 1.3V 

of Kubiena 
(1953) 

if. 51 Blanket Dystrophic 
peat Peat Ranker 

Blanket Dystrophic 
bog Peat Ranker 

Peat mor Peat Anmoor 

Flush 

Mull 
(Lime 

poor) 
Mesotrophic 
Braunerde 

/ See footnote to Table 7-
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I I I . TAXONOMY AND SYSTEM&TICS 

1) Introduction. 
I n t h i s section a check-list of the Collembola 

of the Moor House Reserve i s given, together with notes 
on t h e i r taxonomy and autecology. Murphy (1958, 1959? 

1960) has provided redescriptions of species from t h i s 
area, which were previously inadequately known, but 
where i t was considered necessary, f u r t h e r taxonomic 
notes were added . Loc a l i t i e s are quoted f o r each 
species, extensively f o r the rarer ones, whi l s t f o r the 
commoner species a few t y p i c a l records have been selected 

During the present work 56 species of Collembola 
have been collected, including three which were new to 
the Moor House Reserve and one which was new to the 
B r i t i s h I s l e s . Several instances have arisen where i t 
was found necessary to revise the Moor House ch e c k - l i s t , 
and t h i s i s indicated i h the notes on the species i n 
question. Several species recorded by Murphy at Moor 
House have f a i l e d to appear i n the collections made by 
the present w r i t e r , but t h i s may be due to a change i n 
status of the species concerned. 
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2) The present state of Collembolan systernatics. 
The c l a s s i f i c a t i o n of the Collembola i s 

essentially due to Borner (1906) although great advances 
have been made i n the taxonomy of the specific l e v e l 
during the past two decades. Such are these advances, 
that i n some cases, e.g. the Onychiuridae, present 
workers are unable to make comparisons with much of the 
published data of the e a r l i e r workers because of the 
existence of species groups. Again not a l l these 
advances are universally recognised; f o r example, 
Stach (1951*) writes of the sub-division of the 
Onychiurus armatus species group, by Gisin (1952) 

"The rest of the species erected by Gisin and enumerated 
here, seem to be only i n s i g n i f i c a n t ecological or l o c a l 
modifications. Therefore I do not think that such a 
separation of the species Onychiurus armatus (Tulb.) i s 
desirable or r i g h t " . Since each school of thought has 
i t s following, some confusion i s s t i l l present i n the 
current l i t e r a t u r e . Clearly from the ecological stand
point, i t i s essential that even the smallest differences 
between individuals and d i s t i n c t populations are 
emphasised; should two members of a species group 
subsequently prove to be conspecific the data can be 
pooled, but data may be wasted a f t e r an i n i t i a l pooling 
should specific differences u l t i m a t e l y be established. 
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I t i s f o r t h i s reason that the narrow species concept 
of Gisin has been u t i l i s e d i n the present work. However, 
use of generic names i s purposely conservative, and 
again follows Gisin. The proposals of Bagnall (19^9 
et seq.), concerning new genera of r e s t r i c t e d scope, 
are rejected since they are considered to be often of an 
ar b i t r a r y nature and premature i n that the taxonomy of 
Collembola i s s t i l l based e n t i r e l y on morphological 
characters. Even so, the taxonomy i s s u f f i c i e n t l y 
advanced f o r l i t t l e f u r ther progress to be made on a 
purely descriptive morphological basis, and the remaining 
problems w i l l be solved only by breeding experiments. 
Some such experiments are described l a t e r i n t h i s work, 
and these concern the s p l i t t i n g of the Onychiurus armatus 
species group. 

3) The i d e n t i f i c a t i o n of the Moor House fauna, 
a) Previous i d e n t i f i c a t i o n . 
When t h i s work was begun i n 1959, D.H. Murphy 

kindly presented the w r i t e r with a species l i s t of 
Collembola made from col l e c t i n g on the Moor House Reserve. 
This contained 62 species of which three were new to 
science (Murphy 1959, 1960). This species l i s t l a r g e l y 
reduced the i n i t i a l work, and together with the Durham 
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University c o l l e c t i o n of Collembola proved invaluable 
during routine i d e n t i f i c a t i o n . 

b) Techniques. 
Collections were normally preserved i n 70% 

alcohol, to which a l i t t l e glycerol was added to prevent 
accidental desiccation. For specialised taxonomic 
purposes rather better results were obtained by f i x a t i o n 
i n Gisin's f i x a t i v e f o r two days before mounting. The 
formula f o r t h i s i s as follows: 

95% alcohol 750 ml. 
Diethyl ether 2k0 ml. 
Glacial acetic 30 ml. 

acid 
h0% formalin 3 ml. 

The insects were k i l l e d by dir e c t introduction i n t o the 
f i x a t i v e . 

Manipulation of i n d i v i d u a l Collembola was carried 
out by means of a piece of f i n e fuse wire f l a t t e n e d i n t o 
a minute spatula by hammering; t h i s was mounted i n a 
glass rod. Orientation of the various parts of an 
individ u a l on a slide was achieved by means of an eye
lash mounted i n wax on a dissecting needle. 

For routine work temporary mounts were made i n 
lacto-phenol, and specimens which i t was desired to keep 
were ringed with gold size on a turntable. More 
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permanent preparations were made using Goto 1s modifi
cation of Polyvinyl lactophenol. This i s made up as 
follows: 

i ) 16 g. of Phenol detached crystals are 
dissolved i n Ik ml. of Lactic acid. 

i i ) 5 g. of Polyvinyl alcohol (Bush, Beach & Gent 
Beacon Brand W/28/02) are mixed with 20 ml. of d i s t i l l e d 
water, which i s added dropwise, to form a t h i c k paste. 
This i s then heated on a water bath. 

i i i ) The Lactophenol i s then added and the mixture 
reheated whilst s t i r r i n g , u n t i l transparent. 
This mounting medium has the advantage of drying 
r e l a t i v e l y quickly, and there was no necessity to ri n g 
with wax as i n the method recommended by Gisin (1960). 
Collembola were found to clear very well i n t h i s medium 
i f warmed gently, and i t i s possible to mount them 
d i r e c t l y from l i f e , or from most of the entomological 
preservatives, such as acetic acid, l a c t i c acid, g l y c e r o l , 
formalin, alcohol or even water. Salmon (1951?) has 
indicated that the r e f r a c t i v e index, clearing power and 
drying time can be altered by varying the proportions 
of the constituents. 

c) The l i t e r a t u r e used. 
Before the publication of Gisin 1s 1Collembolen-

fauna Europas 1, i n 1960, i d e n t i f i c a t i o n s were carr i e d out 
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using the same author's e a r l i e r key, (Gisin 19kk), 
i n conjunction with Stach (19*+7 to 1960) and Salmon 
(1951). The e a r l i e r major taxonomic works of Linnaniemi 
(1912) and Handschin (1929) were also consulted regularly. 
The preceding works are of general taxonomic importance, 
and papers of a more specialised nature w i l l be referred 
to under the species concerned. Early i n the work the 
keys of Womersley (1930*) and Maynard (195D were found 
to be useful-

The publication of the very comprehensive 
T Collembolenfauna Europas1 greatly f a c i l i t a t e d i d e n t i 
f i c a t i o n of specimens^and the production, by the same 
author, of monthly additions and corrections i n the form 
of his ^ummarische nachtrage 1 i s a service greatly 
appreciated. 

k) Taxonomic notes and the autecology of the 
Collembola of Moor House. 

I n the following l i s t the species are arranged 
i n accordance with modern practice, following exactly 
the key of Gisin (1960). Some additions have been made 
i n view of more recent l i t e r a t u r e , and synonyms are 
quoted where these are more descriptive of the Moor 
House material. 



3^-

1. Hyppgastrura scotica (Carpenter and Evans 1899)-
Advances i n the taxonomy of the Hyppgastrura 

armata species group have given r i s e to the necessity 
fo r redescription of certain species. Murphy (1960) 
has redescribed H. scotica on the basis of material 
collected i n the northern Pennines and Irel a n d , and has 
created a new species, H. goto! Murphy 1960, to 
accommodate a single specimen from the Outer Hebrides, 
described by Goto (195l) as H> scotica. These two 
descriptions are so similar that the naming of a new 
species on the basis of a single specimen i s not j u s t i f i e d . 
H. gotoi Murphy 1960 i s thus to be regarded as a synonym 
of H. scotica (Carpenter and Evans 1899)• 

The species was found to be r e s t r i c t e d to peat 
s o i l s , and occurred i n both Sphagnum samples and heather 
l i t t e r i n small numbers; i t has also been recorded from 
Juncus effusus l i t t e r on a l l u v i a l grassland, where there 
was a high content of red i s t r i b u t e d peat. Micro-
d i s t r i b u t i o n samples from the mixed moor indicate that 
the species prefers the d r i e r Cladonia covered areas to 
the Sphagnum patches. Typical records: 

Great Dodgen Pot (Heather l i t t e r ) 20,2.61 
Cottage H i l l (Heather l i t t e r ) 13.2.61 



35-

2. Hypogastrura denticulata (Bagnall 19^1) sensu Gisin 
19^9-

This species i s common i n the l i t t e r found at the 
base of Juncus effusus and occurs frequently on the 
a l l u v i a l grasslands of the stream sides. I t has been 
found also i n Sphagnum and Polytrichum samples from a l l 
over the Reserve, i n Eriophorum angustifolium and 
E» vaginatum samples from areas of peat erosion, and i t 
has been taken on three occasions on the limestone grass
land. I t i s a much commoner species than the previous 
member of t h i s genus. Typical records: 

Trout Beck Flats (Juncus effusus l i t t e r ) 2*5*60 

Moss Flats (Eriophorum angustifolium) 27*2-61 

3. WiHernia anophthalma Borner 1901. 

A. r e l a t i v e l y uncommon species apparently almost 
e n t i r e l y r e s t r i c t e d to the peat s o i l s of the moor; there 
i s a single record of two individuals from limestone 
grassland. Typical records: 

Dodgen Pot (Heather l i t t e r ) lk.$.6l 

Moss Flats (Hagglip) 27.2.61 
House F i e l d (Limestone grassland) 25.9.61 

Gisin (19^3) regards t h i s species as t y p i c a l of 
dry, raw humus, and the present w r i t e r has found i t to be 
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more common i n the heather l i t t e r of the d r i e r , exposed 
hummocks on Moss Flat s , than elsewhere. However, 
Strenzke (19^9) has recorded i t from moist habitats. 

k. Friesea m i r a b i l i s (Tullberg 1871) var. reducta Stach 
T9k9. 

A common species found i n a l l areas where samples 
were collected, both on the mineral s o i l s and on the peat 
s o i l s of the moor. I t s highest densities are reached i n 
the moor edge zones of Juncus squarrosus^ where frequently 
i t outnumbers a l l other species. Typical records: 

House Fi e l d (Limestone grassland) 29*2^60 
Great Dodgen Pot (Heather l i t t e r ) 23*1.61 

5. Brachystomella parvula (Schaffer 1896). 
An uncommon species which has been collected w i t h 

but one exception only from the drying hummocks of the 
erosion complex on Moss Fl a t s . Typical records: 

Moss Flats (Hummock top) 1$.5«6l 
House Field (Limestone grassland) 1^.11-60 

6. Anurida pygmaea (Borner 1901) 
A common species on the mineral s o i l s and the 

peat soils of the moor; recorded from a l l the areas 
examined with the exceptions of Juncus squarrosus and 
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Eriophorum angustifolium. Typical records: 
Trout Beck Flats ( A l l u v i a l grassland) *+.7.60 
Dodgen Pot (Heather l i t t e r ) 18.^.61 

7. Anurida forsslundi (Gisin 19*+9) • 

Material referable to t h i s species collected on 
Bog H i l l by D.H. Murphy, on 27.8.53? has been described 
as Micranurida con.iuncta sp.n-, (Murphy 1960). Further 
examination of t h i s material, and material collected by 
the present w r i t e r show i t to be referable to Anurida 
forsslundi (Gisin 19^9)• This i s the f i r s t record of 
the species from the B r i t i s h I s l e s . 

I t i s a rare species and has been collected only 
from one area of mixed moor. Total records: 

Cottage H i l l (Heather l i t t e r ) 13-2.61 
Dodgen Pot (Heather l i t t e r ) 20.2.61 

8. Anurida granaria (Nicolet 18^7). 

Widespread though not common i n the grassland 
areas, and i n Sphagnum flushes; i t has also been 
collected i n Juncus effusus l i t t e r . Typical records: 

Trout Beck Flats ( A l l u v i a l grassland) 13.2.61 
Milburn Beck (Polytrichum on Limestone grassland) 

23.3.61 
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9* Neanura muscorum (Templeton 1835) • 

This species i s widespread and not uncommon on 
the peat so i l s of the moor, and occurs commonly i n the 
Juncus effusus l i t t e r along the stream sides. E n t i r e l y 
absent from the mineral s o i l s , i t has been recorded 
occasionally from areas of peat erosion and from 
Eriophorum vaginatum. Typical records: 

Dodgen Pot (Heather l i t t e r ) 23*1-61 
Trout Beck Flats (Juncus effusus l i t t e r ) 29»5»61 

10. Onychiurus absoloni (Borner 1901). 

Gisin (19^9, 1960) regards t h i s species as a 
synonym of Onychiurus a f f i n i s £gren 1903, and Stach (195*+) 

discusses the p o s s i b i l i t i e s of t h i s synonymy. The 
description given by Gisin (1960) follows that of Sgren 
fo r 0. a f f i n i s . Since the largest specimens examined 
from the Moor House Reserve possess four vesicles i n the 
form of a rosette i n the post-antennal organ, and have 
a pseudocellar formula of 32/l33/3331+3, the material i s 
more referable to the description of 0. a f f i n i s Sgren 
1903. However, the presence of 2 + 2 pseudocelli at 
the base of the antennae on Borner*s description of 
0. absoloni suggests that he was considering juvenile 
individuals (see p. 183 ) , as members of t h i s group of 
Onychiurus t y p i c a l l y possess 3 + 3 pseudocelli at the 
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antennal base. Whilst there i s l i t t l e reason t o 
regard 0. a f f i n i s as a separate species on present 
knowledge, t h i s nomenclature i s quoted here under the 
heading of 0. absoloni as being more descriptive of the 
Moor House material. 

This species was collected regularly but i n small 
numbers i n Juncus effusus l i t t e r ; on two occasions i t 
was found i n Eriophorum vaginatum samples, and a single 
ind i v i d u a l was collected from the limestone grassland. 
Typical records: 

Trout Beck Flats (Juncus effusus l i t t e r ) +.T6I. 
Moss Flats (Eriophorum vaginaturn) 27*2.61 and 

5-9.61 
House Field (Limestone grassland) 13.1.61 

11. Onychiurus procampatus Gisin 1956. 

Abundant and widespread i n a l l the mineral s o i l s 
of the limestone areas and stream sides. Occasionally 
collected i n Juncus effusus l i t t e r from areas of a l l u v i a l 
grassland, and also very occasionally taken i n Sphagnum 
and Polytrichum samples. E n t i r e l y absent from peat s o i l s . 
A cavernicolous form, i t penetrates deep i n t o the mineral 
s o i l , and always occurs together with 0. tricamnatus on 
the Reserve. Typical records: 

House Fi e l d (Limestone grassland) 29.2.60 

Trout Beck Flats ( A l l u v i a l grassland) 2.5.60 



12. Onychiurus l a t u s G i s i n 1956 

Widespread i n a l l peat s o i l s sampled, except i n 

Eriophorum a n g u s t i f o l i u m from which the s p e c i e s was 

ab s e n t . I t o c c u r s commonly i n Juncus e f f u s u s l i t t e r 

and i n Sphagnum and P o l y t r i c h u m samples. I t i s absent 

from m i n e r a l s o i l s although i t o c c u r s i n the mosses 

growing on limestone outcrops, where more a c i d c o n d i t i o n s 

p r e v a i l . I t i s a s u r f a c e form, never p e n e t r a t i n g below 

the decomposition l a y e r . T y p i c a l r e c o r d s : 

Dodgen Pot (Heather l i t t e r ) 23-1-61 

Trout Beck F l a t s (Juncus e f f u s u s l i t t e r ) if. 7* 61 
• • • P I P •• M I — 

13- Onychiurus t r i c a m p a t u s G i s i n 1956 

T h i s s p e c i e s t y p i c a l l y has the p s e u d o c e l l a r 

formula 33/023/333^3; a small percentage of i n d i v i d u a l s 

i n the Moor House po p u l a t i o n has the p s e u d o c e l l a r formula 

33/033/333^3, and over 90fS of t h e s e a r e males. A t 

pre s e n t t h e r e i s no reason to r e g a r d t h e s e i n d i v i d u a l s 

a s s p e c i f i c a l l y d i f f e r e n t from 0. t r i c a m p a t u s . 

The s p e c i e s i s abundant and widespread i n a l l 

m i n e r a l s o i l s of the limestone a r e a s and the stream 

s i d e s . I t i s o c c a s i o n a l l y c o l l e c t e d i n Juncus e f f u s u s 

l i t t e r from a r e a s of a l l u v i a l g r a s s l a n d and a l s o i n Sphagnum 

and P o l y t r i c h i a samples. The s p e c i e s i s e n t i r e l y absent 
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from peat s o i l s . A cavernicolous form, i t penetrates 
deep into the s o i l , and i s always found together with 
0. procampatus. Typical records: 

House F i e l d (Limestone grassland) 29.2.60 

Trout Beck Flats ( A l l u v i a l grassland) 2.5*60 

Ik. (Onychiurus stachianus Bagnall 1939) 

Murphy (1960) redescribes Onychiurus stachi 
Denis 1938 nec Bagnall 1935? on the basis of material 
collected on the Moor House Reserve. Examination of 
t h i s material c l e a r l y shows i t to have a post-antennal 
organ t y p i c a l of the Sub-genus Protaphorura Absolon 1901. 

Onychiurus stachianus Bagnall 1939? of which 0. stachi 
i s a synonym (Stach 1951* and Gisin 1960), has a post-
antennal organ t y p i c a l of the Sub-genus Onychiurus s. s t r . . 
Thus t h i s material i s c l e a r l y not referable to Onychiurus 
stachianus Bagnall 1939* The individuals described 
under t h i s heading by Murphy (1960) are f i r s t i n s t a r s 
of Onychiurus procampatus Gisin 1956. 

15* Tullbergia krausbaueri (Borner 1901) 

Widespread and abundant i n a l l mineral s o i l s . 
Frequent i n Juncus effusus l i t t e r from a l l u v i a l grassland. 
Very l o c a l l y abundant i n peat s o i l s , where normally i t i s 
rare or absent. Typical records: 
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House Fi e l d (Limestone grassland) 29*2.60 
Moss Flats (Eriophorum angustifolium) 16.5*60 

16. Tullbergia a f f i n i s Borner 1902-

I n the Moor House material, the tubercles of the 
post-antennal organ are divided and thus the species i s 
referable to Tullbergia b i p a r t i t a Handschin 1920, "which 
Gisin (1960) sinks as a synonym of Tullbergla a f f i n i s 
Borner 1902. Stach (195*+) regards the species as 
separate, since i n eastern European material he claims 
that there i s no di v i s i o n of the tubercles of the post-
ant ennal organ. Some doubt remains, therefore, 
concerning t h i s synonymy, and the junior synonym i s 
quoted here as being more descriptive of the material. 

The species i s apparently r e s t r i c t e d to mineral 
s o i l s ; i t has been recorded only once from quanti t a t i v e 
samples taken from limestone grassland which were extrac
ted i n the high gradient cylinder apparatus (see page Jnt). 

Crumbling samples of limestone grassland int o an ordinary 
Tullgren funnel produced many more in d i v i d u a l s , suggesting 
i n e f f i c i e n c y i n the extraction of t h i s species from 
quantitative samples. Typical records: 

House F i e l d (Limestone grassland) 11.12.61 
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17* T u l l b e r g i a d e n i s l ( B a g n a l l 1935)-

Frequent i n samples c o l l e c t e d from a l l u v i a l 

g r a s s l a n d , but r a r e r on the l i m e s t o n e g r a s s l a n d . Absent 

e n t i r e l y from peat s o i l s . T y p i c a l r e c o r d s : 

Trout Beck F l a t s ( A l l u v i a l g r a s s l a n d ) 6.6.60 

House F i e l d (Limestone g r a s s l a n d ) 18.7*60 

18. T e t r a c a n t h e l l a wahlgreni L i n n a n i e m i 1911-

Abundant and w i d e l y d i s t r i b u t e d on the h e a t h e r 

moor, e s p e c i a l l y i n patches of C l a d o n i a and Hyppgymnaea, 

and on the hagg l i p s . Recorded a l s o from m i n e r a l s o i l s , 

e s p e c i a l l y *jhere C ladonia o c c u r r e d , o c c a s i o n a l l y i n 

Po l y t r i c h u m samples and r a r e l y i n both Eriophorum a n g u s t i -

f o l i u m and E . vaginaturn samples. Unrecorded from 

Juncus e f f u s u s l i t t e r and from J . sq u a r r o s u s * the s p e c i e s 

i s c h a r a c t e r i s t i c of the d r i e r a r e a s of the moor. 

T y p i c a l r e c o r d s : 

Dodgen Pot (Heather l i t t e r ) 20.2.61 

Moss F l a t s (Hagg l i p ) 23*11.59 

19- T e t r a c a n t h e l l a brachyura B a g n a l l 19^9. 

T h i s s p e c i e s i s regarded a s dubious by G i s i n 

(1960). Murphy (1960) has r e d e s c r i b e d t h e s p e c i e s on 

m a t e r i a l from the Moor House Rese r v e and c o n c l u d e s t h a t 
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Cassagnau 1953• 

Ecologically the species i s very d i f f e r e n t from 
T. wahlgreni. the only other species of t h i s genus 
occurring at Moor House, and nowhere have the two species 
been found together. T. brachyura i s cha r a c t e r i s t i c of 
two very wet areas, the Sphagnum sub secundum and S. pa lust re 
zones of Valley Bog, and the Juncus sauarrosus areas 
which have a very high water content (see page ̂ 40. Not 
recorded from elsewhere on the Reserve. Typical records: 

Dodgen Pot (Juncus squarrosus) 9»5*60 
Trout Beck (Juncus squarrosus) 11.12.61 

20. Folsomia brevicauda A g r e l l 1939-
Abundant and widely d i s t r i b u t e d on the peat s o i l s 

of the moor, but much less common on the mineral s o i l s , 
where, however, i t occurs regularly. The species was 
recorded from a l l areas sampled. Typical records: 

Dodgen Pot (Heather l i t t e r ) 23.1.61 
Trout Beck (Juncus squarrosus) 20.2.61. 

21. Folsomia quadrioculata (Tullberg 1871), 
Frequently recorded from the limestone grassland 

areas but uncommon on the a l l u v i a l grassland. Occasion
a l l y recorded from peat s o i l s . Typical records: 
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House F i e l d (Limestone grassland) 28.3*60 
Dodgen Pot (Heather l i t t e r ) 25*9*61 

22. Folsomia manolachei Bagnall 1939-
Abundant i n the mineral s o i l s of the limestone 

areas and stream sides; common i n samples of Juncus 
effusus l i t t e r . Not recorded from peat s o i l s . 
Typical records: 

House Fi e l d (Limestone grassland) 29*2.60 
Trout Beck Flats ( A l l u v i a l grassland) 2.5-60 

23. Folsomia cf* brevifurca (Bagnall 19*+9) • 
Several specimens of a species of Folsomia near 

to F* brevifurca have been recorded from the Moor House 
Reserve. The material d i f f e r s from t h i s species i n 
having the macrochaetae much longer than O.k times the 
length of the mucro (up to 6 times the length of the 
mucro). Gisin (1960) regards F. brevifurca as a dubious 
species. I t i s possible that the individuals referable 
to t h i s form are juveniles of another species, since a l l 
specimens collected are sub-adult. The only species i n 
•which the juveniles are not frequently found i s F . l i t s t e r i 
where the furcula i s very d i f f e r e n t i n structure. The 
species recorded here as Folsomia c f . brevifurca could 
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possibly be juvenile material of Folsomia l i t s t e r i , but 
t h i s i s regarded as improbable. 

The species was recorded occasionally from mineral 
s o i l s of the limestone areas and stream sides, but was 
absent from peat s o i l s . Typical records; 

House Fi e l d (Limestone grassland) 2$*h60 

Trout Beck Flats ( A l l u v i a l grassland) 2,5-60 

2k. Folsomia l i t s t e r i Bagnall 1939-
Examination of material i n the University of 

Durham Collection, labelled Folsomia fimetaria Linne. 
1758, by D.H. Murphy, has proved to be of t h i s species. 
Further material has been collected by the present w r i t e r 
from the Moor House Reserve. 

The species was found to be rare and r e s t r i c t e d 
to the mineral s o i l s of the limestone areas and stream 
sides. Typical records: 

House F i e l d (Limestone grassland) *+.7.6l 
Trout Beck Flats ( A l l u v i a l grassland) 29.8.60 

25# Isotomiella minor (Schaffer 1896). 
Abundant i n mineral s o i l s of the limestone areas 

and stream sides, but sparsely d i s t r i b u t e d i n the peat 
s o i l s of the moor. Typical records: 

House F i e l d (Limestone grassland) 29.2.60 
Trout Beck Flats ( A l l u v i a l grassland) 2-5.60 
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26. Agrenia bidenticulata (Tullberg I876). 
Abundant i n a l l stream side areas where deposits 

of pebbles and gravel occurred, the species was never 
found more than a few centimetres from water. There 
are two records of a single i n d i v i d u a l from areas of 
Eriophorum angustifolium on Moss Flats; a l l other 
records are from the surface of running water. Typical 
records: 

Rough Syke (Water surface) 25.7*60 
Moss Flats (Eriophorum angustifolium) 27*2.61 

and ^.12.61 

27* Isotoma s e n s i b i l i s (Tullberg I876). 
Widespread and abundant i n a l l s o i l types. On 

peat soils the species was found to possess i t s 
characteristic purple colour, but on mineral s o i l s and 
i n some areas of Sphagnum and Polytrichum a high percentage 
of greenish-yellow and brown individuals occurred. 
Typical records: 

Dodgen Pot (Heather l i t t e r ) 23.1.61 
House F i e l d (Limestone grassland) 29.2.60 

28. Isotoma n o t a b i l i s Schaffer 1896. 
Widespread i n a l l s o i l types, but more frequent 

i n mineral s o i l s than elsewhere. Typical records: 
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House Fi e l d (Limestone grassland) 29*2.60 
Dodgen Pot (Heather l i t t e r ) 18.4.61 

29. Isotoma v i r l d i s Bourlet 1839-
Common i n both mineral and peat s o i l s . Typical 

records: 
House F i e l d (Limestone grassland) 29*2.60 
Dodgen Pot (Heather l i t t e r ) 23*1.61 

30. Isotoma antennalis (Bagnall 19^0). 
Murphy (1958) has redescribed t h i s species from 

material collected on the Moor House Reserve, and has 
demonstrated i t s a f f i n i t i e s to the Genus Isotoma rather 
than the Genus Isotomurus. 

The species i s characteristic of very wet peat 
s o i l s and i s often found on the surface of Sphagnum 
pools. I t i s t y p i c a l of areas of peat erosion and 
recolonisation, occurring under stones on the bare peat 
and i n areas of Eriophorum angustifolium and Eriophorum 
vaginaturn. Typical records: 

Dodgen Pot (Juncus squarrosus) 7.3.60 
Moss Flats (Eriophorum angustifolium) 27.2.61 
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31. Isotoma olivacea Tullberg 1871-
Individuals referable to the o r i g i n a l description 

of t h i s species (Tullberg I87I) occurred sparsely i n some 
areas of Sphagnum and Polytrichum. Material referable to 
Isotoma neglecta Schaffer 1900, which Gisin (1960) sinks 
as a synonym of I * olivacea, was found to be much more 
common on the Reserve. Whilst these may be purely 
ecological forms of one species, the junior synonym i s 
quoted here as being more descriptive of the material 
from Moor House. A l l references to I . olivacea i n t h i s 
work refer to material referable to I * neglecta, due to 
the r a r i t y of the t y p i c a l form which was absent from 
quantitative samples. 

The species occurred i n small numbers on mineral 
s o i l s of both limestone areas and the stream sides, and 
was abundant i n Juncus effusus l i t t e r and i n the nests 
of small rodents; i t occurred also i n areas of Sphagnum 
and Polytrichum, but was absent from the heather moor. 
Typical records: 

Trout Beck Flats ( A l l u v i a l grassland) 2.5.60 
Trout Beck Flats (Juncus effusus l i t t e r ) 29.5.61 

324 Isotoma infuscata (Murphy 1959). 
Murphy (1959) has described t h i s species on the 

basis of material collected on the Moor House Reserve, 
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and places i t i n the new Genus Sensiterga. The 
c r i t e r i a upon which t h i s genus i s erected are not v a l i d : 
the sensillae of the t h i r d antennal segment are not 
unique, as they occur i n Isotoma olivacea (personal 
observation) and i n Isotoma violacea Tullberg 1876 
(Gisin, pers. comm.), although i n both cases they are not 
so numerous as i n I . infuscata. Fusion of the l a s t two 
abdominal segments occurs i n other members of the Genus 
Isotoma, eg. I . s e n s i b i l i s , and many, i f not a l l , members 
of the genus have these segments fused i n the early 
instars . (Personal observation v a l i d f o r I . s e n s i b i l i s , 
I . v i r i d i s , I . antenna l i s and I . olivacea). Subsequent 
to these observations made by the present w r i t e r , and 
supported by Gisin (pers. comm.), Huther and Winter (1961) 
have expressed similar opinions and placed Sensiterga 
infuscata Murphy 1960 i n the Genus Isotoma. I t s 
a f f i n i t i e s are with the I . olivacea, I . a l b e l l a . 
I . violacea, I . hiemalis group, and Gisin (Suminarische 
nachtrage No. 25) places i t between I . violacea and 
I . hiemalis. 

The species was found to be widespread i n a l l 
areas of Sphagnum and Polytrichum. and there was a single 
record from limestone grassland. Typical records: 

Moss Flats (Polytrichum) 2.11.59 
House F i e l d (Limestone grassland) 22.11.61 
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33* Isotomurus pa l u s t r i s (Muller 1776). 
Material referable to t h i s species occurs i n a l l 

areas of Sphagnum throughout the Reserve, together with 
individuals referable to Isotomurus plumosus Bagnall 19^0. 

Since intermediates between these two forms ocdftir i t seems 
probable that the Moor House population forms a single 
species, and that the differences are a purely pheno-
typic e f f e c t . Individuals of the v a r i e t i e s fprasina ! 

and 'aquatilis* have been recorded frequently; the 
former i s the more common away from water surfaces. 

The species occurred regularly i n Sphagnum 
samples and i n wet situations throughout the Reserve; 
i t has been recorded very occasionally from mineral s o i l s 
and the heather l i t t e r of the peat moor. Typical 
records: 

Moss Flats (Polytrichum) 7*3*60 
Trout Beck Flats ( A l l u v i a l grassland) 2^.10.60 

3*+» Entomobrya n i c o l e t i (Lubbock 186?). 

The majority of individuals collected on the 
Moor House Reserve had very few dark markings, and some 
lacked markings e n t i r e l y . South (1961) figures a 
specimen which i s t y p i c a l of the Reserve (p.393 F i g . 16). 

The lack of markings led to the individuals i n the Durham 
University Collection being labelled as Entomobrya 
lanuginosa Nicolet 18^1, by D.H. Murphy. 
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The species occurred i n small numbers on the 
cropped vegetation of the mineral s o i l s , i n the heather 
l i t t e r , i n Sphagnum and Polytrichum samples and i n 
Eriophorum angustifolium. I t was more common i n 
uncropped Festuca and i n Eriophorum vaginaturn* Typical 
records: 

House Fi e l d (Limestone grassland) 29*2.60 

Trout Beck Flats ( A l l u v i a l grassland) 2.5*60 

35- Entomobrya multifasciata (Tullberg 1871)* 

Only four individuals of t h i s species were 
recorded during the course of the f i e l d work; the 
following i s a complete l i s t : 

House Field (Limestone grassland) 28.8.61 (1) 

Trout Beck Flats ( A l l u v i a l grassland) 16.1.61 (1) 

Dodgen Pot (Juncus squarrosus) 7*3*60 (1) 

Moss Flats (Polytrichum) 29-9*59 (1) 

36. Willowsia buski (Lubbock 1869). 

Recorded i n small numbers from samples of heather 
l i t t e r . Elsewhere individuals have been found on 
limestone grassland, i n Sphagnum and Polytrichum samples, 
and on the hagg l i p s and hummock tops of the erosion 
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complex. Typical records: 
Dodgen Pot (Heather l i t t e r ) 25«9«6l 
Moss Flats (Hummock top) 16.5*60 

37* Lepidocyrtus cyaneus Tullberg 1871 

The species occurred commonly i n some areas of 
Sphagnum and Polytrichum and sparsely on Juncus sauarrosus. 
There i s a single record of one in d i v i d u a l from Eriophorum 
angustifolium* Typical records: 

Moss Flats (Polytrichum) 2.11.59 
Dodgen Pot (Juncus sauarrosus) 9*5-60 

38. Lepidocyrtus lanuginosus (Gmelin 1788). 

Murphy (University of Durham Collection) named 
material of t h i s species collected at Moor House 
Lepidocyrtus c u r v i c o l l i s Bourlet 1839* Material from 
L i t t l e High Wood, Durham, which was collected f o r 
purposes of comparison, seemed more referable t o 
L. c u r v i c o l l i s , and samples of both populations were 
sent to Dr. H. Gisin f o r confirmation of i d e n t i f i c a t i o n . 
He confirmed that the Moor House material was referable 
to L» lanuginosus and material from L i t t l e High Wood, 
Durham, to L* c u r v i c o l l i s . 

The difference between L. lanuginosus and 
L. c u r v i c o l l i s l i e s i n the shape of the second thoracic 
segment (Gisin 1952). Both species were cultured, 
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and eggs obtained; the hatching periods of the eggs 
of the two species at d i f f e r e n t temperatures were found 
to be i d e n t i c a l (see Fig. 12). I n the f i r s t i n s t a r 
individuals obtained, the shape of the second thoracic 
segment was found to be the same i n both species. No 
other differences, such as those described i n other 
members of the genus by Yo s i i (1959), could be found i n 
the adults. I t was therefore thought possible that the 
two populations, of apparently two separate species, 
could be conspecific, the so-called specific differences 
being purely phenotypic. 

I t was found d i f f i c u l t to rear these species from 
eggs, i n culture, and so leaf l i t t e r from Durham, 
containing the eggs of L. c u r v i c o l l i s was taken to Moor 
House, and Juncus effusus l i t t e r containing the eggs of 
L. lanuginosus was transported to Durham. The l i t t e r 
was kept i n galvanised iron containers sunk i n t o the 
ground and covered by layers of muslin, to prevent entry 
or e x i t of Collembola. Three such containers were set 
up at Durham and at Moor House on Ik November, 1960. 
Examination of l i t t e r from both areas showed that only a 
few adult Lepidocyrtus sp. were present i n the l i t t e r , 
and by hand sorting as many as possible of these i n d i v i d 
uals were removed from the experimental l i t t e r . Both 
species were known to lay eggs i n October and November, 
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so i t was very probable that the experimental l i t t e r 
contained eggs, although these were not seen. On 10 
A p r i l , 1961, samples were taken from each of the three 
culture containers at Durham and at Moor House; no 
adults were present i n the samples, but eggs had hatched 
and early instars were present. On 25 September, 1961, 
a l l the l i t t e r was collected from the culture containers 
and the Collembola extracted. 

Control l i t t e r from Durham contained only 
L. c u r v i c o l l i s and from Moor House only L. lanuginosus, 
as was to be expected. Only six individuals were 
extracted from the l i t t e r kept at Moor House, and these 
were found to have the second thoracic segment of the 
L« lanuginosus type. L i t t e r from Moor House kept at 
Durham contained individuals intermediate between the 
two so-called species. None of the material was f u l l y 
adult, and t h i s together with the precaution of examining 
the l i t t e r on 10.^.61, precluded the p o s s i b i l i t y of 
individuals having remained i n the l i t t e r over the period 
of the experiment. 

Apparently the environment has eff e c t on the 
shape of the second thoracic segment, and the two 
populations are to be regarded as conspecific (environ
mental effects on body structure i n Collembola has been 
cl e a r l y demonstrated by Cassagnau 1955 et seq.). 
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The material from the experiment has been shown to 
Dr. H. Gisin, who agrees with the conclusion. Whilst 
the two populations of Lepidocyrtus sp. at Moor House 
and Durham are now to be regarded as conspecific, 
L. c u r v i c o l l i s from Swiss caves appears to be a much 
bigger insect, and may well be s p e c i f i c a l l y d i s t i n c t . 

I n the following text the material from Durham i s 
referred to as L. c f . c u r v i c o l l i s and the Moor House 
material as L» lanuginosus. 

39. Pseudosinella alba (Packard 1873). 
A rare species recorded on only four occasions 

from the Reserve. The following i s a complete l i s t of 
records: 

House Fi e l d (Limestone grassland) 23.5.60 (2), 
28.7.61 (1), 11.12.61 (1). 

Trout Beck Flats (Juncus effusus l i t t e r ) 25.9.61(1) 
The two individuals taken i n the same 10 sq. cm. 

sample un i t on 23 May, 1960, were adult; however, whi l s t 
one indi v i d u a l possessed the normal 2 + 2 o c e l l i , the 
other indi v i d u a l had no o c e l l i , although i n a l l other 
respects i t was referable to t h i s species. 
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kO. Tomocerus minor (Lubbock 1862). 
Frequently recorded from peat s o i l s of a l l types 

and from areas of Sphagnum and Polytrichum on a l l parts 
of the Reserve. Common i n Juncus effusus l i t t e r from 
a l l u v i a l grassland. There are no records from the 
mineral s o i l s . Typical records: 

Dodgen Pot (Heather l i t t e r ) 18.3-61 
Moss Flats (Eriophorum vaginatum) *+.12.61 

klm Neelus minimus Willem 1900. 
Recorded frequently but i n small numbers from the 

heather moor and occasionally from the mineral s o i l s of 
the limestone areas and streamsides. Typical records: 

Dodgen Pot (Heather l i t t e r ) 18.3-61. 
House Fie l d (Limestone grassland) 16.1.61 

**2. Sminthurides pumilis (Krausbauer 1898). 
Frequently recorded i n the spring and summer 

months on the mineral s o i l s of the limestone areas and 
streamsides; absent i n samples from peat s o i l s . 
Typical records: 

House F i e l d (Limestone grassland) 25.^.60 
Trout Beck Flats ( A l l u v i a l grassland) 2,5.60 
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V3* Sminthurides malmgreni (Tullberg 1876). 

Common i n very wet areas, especially on the 
surface of Sphagnum pools and i n t h e i r immediate v i c i n i t y -
Recorded also from Eriophorum angustifolium and from 
Polytrichum samples. Typical records: 

Moss Flats (Polytrichum) 17.9*59 

Moss Flats (Sriophorum angustifolium) 29*5*61 

kk- Sminthurides schoetti (Axelson 1903). 

Recorded frequently from both peat and mineral 
s o i l s and i n Sphagnum and Polytrichum samples. Usually 
absent from samples taken i n winter. Typical records: 

House F i e l d (Limestone grassland) 28.3*60 

Dodgen Pot (Heather l i t t e r ) 20.2.61 

4-5* Sminthurides signatus (Krausbauer 1898) sensu 
Murphy 1960. 

Murphy (1960) has provided a redescription of 
t h i s species based on material collected on the Moor 
House Reserve. 

A rare species on the Reserve^ i t has been 
recorded only from areas of erosion on Moss F l a t s . 
Typical record: 

Moss Flats (Hummock top) 29.5.61 
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*+6. Sminthurides parvulus (Krausbauer 1898). 
Frequently recorded on peat s o i l s of a l l types, 

but i n small numbers; also i n Sphagnum and Polytrichum 
samples. Unrecorded from mineral s o i l s . Typical 
records: 

Dodgen Pot (Heather l i t t e r ) 28.7*61 
Moss Flats (Sriophorum vaginatum) 27*2.61 

*+7* Arrhopalites caecus (Tullberg 1871)* 
A single record from limestone grassland. 
House F i e l d (Limestone grassland) 25*^*60 

*+8. Arrhopalites p r i c i p a l i s Stach 19^5 • 
Recorded i n small numbers from peat s o i l s and 

i n Sphagnum and Polytrichum. Typical records: 
Dodgen Pot (Heather l i t t e r ) 20. 2. 61 
Moss Flats (Polytrichum) 29*9*59 

*+9* Sminthurinus elegans (F i t c h 1863). 
Frequently recorded during the summer months 

on the mineral s o i l s of the limestone areas and the 
stream sides, but more common i n sweepings from the 
uncropped grassland vegetation. Typical records: 

House F i e l d (Limestone grassland) 22.8.60 
Trout Beck Flats ( A l l u v i a l grassland) 2.5.60 
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50. Sminthurinus aureus (Lubbock 1862). 
Common during the summer months on the grasslands 

of the limestone areas and the stream sides, and i n 
sweepings from uncropped grassland. Typical records: 

House Fi e l d (limestone grassland) 22.8.60 
Trout Beck Flats ( A l l u v i a l grassland) 26.9*60 

51. Sminthurinus niger (Lubbock 1867)* 
Murphy (1960) has examined material from several 

B r i t i s h l o c a l i t i e s and considers that the material i s 
conspecific with that examined by Stach (1956); probably 
t h i s description applies to Lubbock's o r i g i n a l species. 

Recorded i n very small numbers from mineral 
s o i l s of both the limestone areas and the stream sides, 
i n spring and summer. Typical records: 

House F i e l d (Limestone grassland) 22.8.60 
Trout Beck Flats ( A l l u v i a l grassland) 2.5.60 

52. B o u r l e t i e l l a insignis (Reuter 1876). 
Recorded on only one occasion from a Sphagnum 

sample. 
Valley Bog (Sphagnum) 5*6.61 
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53. B o u r l e t i e l l a clavigera Gisin 1953. 
A description of t h i s species based on material 

collected on the Moor House Reserve, has been given by 
Murphy (1960), under the heading of B o u r l e t i e l l a 
(Heterosminthurus) craggi sp.n.. This name i s to be 
regarded as a synonym of B. clavigera Gisin 1958. 

Recorded commonly from a l l vegetation types 
during the summer months. Typical records: 

Dodgen Pot (Heather l i t t e r ) 28.7-61 
House Fi e l d (Limestone grassland) 26.9*60 

51*. B o u r l e t i e l l a hortensis (Fitch 1863)-
Murphy (1960) comments upon material collected 

at Moor House, and indicates that t h i s i s referable to 
the descriptions of Jeannot (1951*) and Gisin (1957) and 
not to Stach (1956); t h i s l a s t author 1s description 
refers to B o u r l e t i e l l a viridescens Stach 1920 sensu 
Gisin 19V8. 

Recorded infrequently from areas of peat erosion 
on Moss Flats. Typical record: 

Moss Flats (Eriophorum angustifolium) 29.5.61 

55* B o u r l e t i e l l a viridescens Stach 1920 sensu Gisin 19*+8. 
Murphy (1960) discusses the possible synonymy of 

t h i s species with B o u r l e t i e l l a lutea (Lubbock 1867) on a 
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basis of material collected from the Moor House Reserve; 
there i s , however, i n s u f f i c i e n t evidence to regard the 
two species as synonymous. 

The species was found commonly on the grassland 
vegetation throughout the summer months. Typical 
records: 

House F i e l d (Limestone grassland) 22.8.60 

Trout Beck Flats ( A l l u v i a l grassland) 22.9.60 

56. Dicyrtoma minuta (0. Fabricius 1783)* 

Widely dist r i b u t e d but infrequent on a l l peat 
s o i l s and i n Sphagnum and Polytrichum samples. Common 
i n Juncus effusus l i t t e r . Much more common during the 
summer months but adults were occasionally taken i n 
winter. Typical records: 

Dodgen Pot (Heather l i t t e r ) 28 .8-61 

Trout Beck Flats (Juncus effusus l i t t e r ) 29*5.61 

57* Dicyrtoma fusca (Lucas 18^2). 
Widely di s t r i b u t e d but infrequent i n a l l peat 

s o i l s and i n Sphagnum and Polytrichum samples. Occasion
a l l y recorded i n Juncus effusus l i t t e r from a l l u v i a l 
grassland. Very rare during the winter months. 
Typical records: 

Dodgen Pot (Heather l i t t e r ) 5.7.61 

Trout Beck Flats (Juncus effusus l i t t e r ) 29 .5 .61 
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PART B. GENERAL BIOLOGY 
I . TECHNIQUES OF STUDY 

1) Introduction. 
I t i s almost impossible to make observations of 

the behaviour of Collembola i n the f i e l d and i t i s very 
d i f f i c u l t to f i n d t h e i r eggs i n samples of s o i l and 
l i t t e r brought i n t o the laboratory. Since i t was hoped 
i n the early stages of the work to obtain information 
on the l i f e h i s t o r i e s of several species from regular 
sampling, laboratory cultures were started i n order to 
t r y and substantiate and add to data obtained from the 
f i e l d . A g r e l l (19*+9) has stressed the value of such 
an approach. 

2) Qualitative c o l l e c t i n g and extracting. 
Collections of vegetation, l i t t e r and s o i l were 

made when Collembola were required, and i f these were 
not to be extracted immediately they were stored i n the 
cold room at 10°C. where i t was found that they could 
be kept a l i v e f o r several weeks. Depending upon the 
amount of material required, extractions were carried 
out i n one of two large Tullgren funnels. The smaller 
of the two was heated by a 100 watt e l e c t r i c l i g h t bulb, 
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and was used mainly f o r the extraction of Collembola 
from mosses and lichens; i t s volume was about two 
l i t r e s . The larger funnel was heated by a 1000 watt 
radiator element, and the amount of heat produced was 
controlled by a s l i d i n g rheostat. This apparatus was 
used mainly f o r very wet l i t t e r and s o i l . I t was 
found that the l a t t e r was more easily and more e f f i c i e n t l y 
extracted by crumbling samples i n t o the apparatus. To 
avoid the danger of f i r e i n the extraction of peat s o i l s 
and dry l i t t e r , the heating was l i m i t e d ; an a d d i t i o n a l 
precaution was taken i n making the main structure of 
the funnel of asbestos and aluminium. 

The insects which f e l l from the funnel were 
collected on the surface of the water i n a deep p e t r i 
dish which was f i l l e d to a depth of about one inch. 
This prevented individuals being caught i n the mucus 
produced by earthworms, molluscs and enchytreids which 
sank to the bottom. I n the early stages of using the 
apparatus the insects were collected on damp plaster of 
Paris medium, but even when small mesh gauze was used 
i n the apparatus some small earthworms, molluscs and 
enchytreids managed to get through, r e s u l t i n g i n the 
damage of many of the Collembola. The use of a water 
f i l m on which to c o l l e c t the insects necessitated the 
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early removal of the larger species such as Tqmocerug 
minor and Isotoma v i r i d i s , as they broke the water f i l m , 
became trapped, and died i f l e f t too long. 

A f t e r extraction the Collembola were transferred 
to culture vessels of the type described i n the next 
section. 

3) Rearing. 
Several of the early methods used f o r c u l t u r i n g 

s o i l arthropods i n the laboratory involved the i s o l a t i o n 
of a small part of the natural habitat i n a containing 
vessel. Davidson (193*+) working on Sminthurus v i r i d i s 
used large breeding cages i n which the insects had access 
to clover seedlings, and f o r egg-laying experiments the 
same author used plant pots containing s o i l , on the 
surface of which the insects were retained by means of a 
covered lamp-glass. Strebel (1932) used smaller glass 
vessels containing material from the place where the 
insects were collected; Davis and Harris (1936) and 
Uchida and Chiba (1958) u t i l i s e d similar containers. 
To a large extent t h i s type of cul t u r i n g defeats the 
o r i g i n a l purpose of bringing the insects i n t o the 
laboratory, as i t i s d i f f i c u l t to f i n d both the insects 
and t h e i r eggs i n the debris. 

On a much smaller scale, Michael (1881*) used 
cavity micro-slides, containing a r i n g of damp f i l t e r 
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paper which was enclosed by a cover s l i p . Robertson 
(19^5) and Jones (1951) used perforated p l a s t i c s t r i p s , 
one side of which was covered by f i l t e r paper on which 
the insects l i v e d , and the other by a series of cover 
s l i p s . The whole s t r i p was placed i n an atmosphere of 
high r e l a t i v e humidity. Connington and Solomon (quoted 
i n Murphy and Doncaster 1957) u t i l i s e d a similar device, 
but substituted bolting s i l k f o r the f i l t e r paper. 
Schaller (1953) cultured Collembola i n c e l l s cut out of 
a block of plaster, and Schuster (1956) used porous clay 
pipe f i l t e r s set i n sand, on which to rear Oribatid mites. 
B r i t t (1951) kept Collembola i n glass v i a l s with moist 
f i l t e r paper, but l a t e r added drops of water, i n place of 
the moist f i l t e r paper, because of i t s frequent contam
in a t i o n by fungi. 

Searls* (1923) method, of which minor modifications 
have been made by Edwards (1955), was the f i r s t used by 
the present w r i t e r . Here, a dark coloured s o i l was 
mixed with leaf mould, and ground i n a mortar. A f t e r 
being sieved through a f i n e gauze t h i s was mixed w i t h 
plaster of Paris i n the r a t i o of one to two, water was 
added, and the result i n g creamy paste was l e f t to set 
i n screw-top jar s i n which h a l f an inch of plaster of 
Paris had already been allowed to set. I t i s not 
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necessary to add food to such a culture medium, as 
Collembola apparently f i n d s u f f i c i e n t n u t r i t i v e material 
i n the small par t i c l e s of humus projecting from the 
surface, and from the fungi which grow on them. However, 
t h i s type of method has the disadvantage that fungal 
mycelia i n which Collembola are easily trapped soon begin 
to grow on the medium, and sometimes t h i s covers the 
substrate i f the jars are not checked d a i l y . I n 
addition the eggs of small s o i l arthropods are easily 
taken i n with the sieved s o i l , and on hatching contaminate 
the culture with insects of a species other than that 
o r i g i n a l l y introduced. 

A method of culturing very similar to that used 
by Choudhuri (1958) was found to be much more satisfactory. 
This method, based on those used by Michner (19̂ +6) , 
Jenkins (19^7) and Lipovsky (1953) involves a j a r from 
which the bottom has been removed and replaced by a plug 
of a mixture of plaster of Paris and powdered charcoal. 
I n practice 5 om. lengths of Pyrex glass tubing 5 cm. i n 
diameter were used, and these were embedded i n a mixture 
of plaster of Paris and powdered charcoal, retained i n 
an aluminium l i d 6 cm. i n diameter, (Fig. 3). On drying, 
to prevent evaporation from the plaster block, the gap 
between the aluminium l i d and the glass was f i l l e d with 
wax. The container was enclosed by a cork, which, to 
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The types of containers used to culture Collembola. 
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prevent fungi growing on i t , was covered by a piece of 
stretched polythene sheet. I n Michner's container the 
walls were also covered with plaster of Paris mixture, 
to prevent droplet formation; t h i s was found to be un
necessary as Collembola very seldom became trapped i n the 
droplets. The surface of the plaster of Paris was flamed 
before the introduction of the insects and d i s t i l l e d water 
was used at a l l times to moisten the surface; t h i s 
procedure kept the culture free of fungi and b a c t e r i a l 
growths except f o r those introduced with the food. 

Many types of food have been used f o r feeding 
small arthropods i n culture, ranging over yeast, bread, 
moss p r o t h a l l i , bracken spores, pollen, fungal mycelia, 
potato slices and "Truefood". Moistened ye&st p e l l e t s 
were found to be quite satisfactory material on which to 
feed the insects, provided that the cultures were examined 
regularly; fungal mycelia sometimes grew out from the 
yeast over the sterilised substrate and when t h i s happened 
the yeast was brushed to remove i t . 

I n d i v idual Collembola were cultured i n 2 x -f inch, 
specimen tubes f i l l e d to w i t h i n J inch of the top with 
plaster of Paris/charcoal mixture, and covered by a f inch 
diameter cover s l i p retained by a f i l m of vaseline. Eggs 
were also kept i n tubes of t h i s type, but these were 
covered by polythene bungs. 
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The method of Murphy and Doncaster (1957) i n 
which i n d i v i d u a l Collembola were kept i n micro-immersion 
f i l t e r s enclosed by a cover s l i p was used f o r some time, 
but eventually dispensed with as being unnecessarily 
elaborate. The high r e l a t i v e humidity of the atmosphere 
i n the f i l t e r was maintained by keeping the water at the 
level of the scintered glass, by means of a plunger 
(Fig. 3). 

Cultures were kept at constant temperatures by 
enclosing the culture vessels i n large j a r s which were 
submerged i n tanks of water where an even temperature was 
maintained by means of a thermostat. Except where 
otherwise stated, individuals were reared at 15°C. 
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I I . BEHAVIOUR AND REPRODUCTION. 

1) Introduction. 
When Collembola are extracted from the medium 

i n which they have been collected they frequently moult 
either on the meniscus of the c o l l e c t i n g vessel or 
immediately on introducing them to the culture j a r . 
Strebel (1932) has remarked upon the f a c t that Collembola 
often moult when mechanically stimulated. Occasionally 
a l l the insects i n a culture vessel moult more or less 
simultaneously, p a r t i c u l a r l y i n members of the Isotomidae 
and Poduridae. Isotoma s e n s i b i l i s , I . olivacea and 
Hypogastrura denticulata have a l l behaved i n t h i s way on 
more than one occasion. Both Ripper (1930) and 
Strebel (1932) have remarked upon such moulting 1 societies 
and suggested that moulting i s stimulated by physical 
contact. 

A f t e r introducing individuals i n t o a culture j a r 
i t can often be seen a f t e r only a few hours that t h e i r 
intestines contain particles of charcoal, and examination 
of the faeces also reveals the presence of plaster of 
Paris. Often, too, yeasts appear to be passed through 
the gut unchanged. When the eggs hatch the f i r s t i n s t a r 
individuals begin to feed immediately, and often t h e i r 
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intestine appears as a black l i n e , the lumen being 
f i l l e d with p a r t i c l e s of charcoal. These observations 
suggest that Collembola take int o the gut materials which 
may contain, or have on t h e i r surface, the n u t r i t i v e 
material required, f o r example fungal hyphae. Thus 
everything that i s found i n the gut must not be regarded 
as food. 

Apart from the normal faecal p e l l e t produced, a 
second type occurs. This i s pale yellow or orange i n 
colour, and consists of minute c r y s t a l l i n e spheres of a 
highly r e f r a c t i l e nature. These are almost c e r t a i n l y 
the excretory materials which congregate i n the c e l l s of 
the epithelium of the mid-gut, and which are p e r i o d i c a l l y 
discharged into the lumen. Willem (1900), Folsom and 
Welles (1906), Ichikawa (1931)? Boelitz (1933) and Toth 
(19^1, 19^2) have discussed the o r i g i n and f a t e of 
excretory matter i n Collembola. Spherical c r y s t a l s of 
excretory matter occur i n a l l faecal p e l l e t s , but the 
yellow 'faecal 1 pellets containing only excretory material, 
appear to r e t a i n t h e i r shape due to the presence of an 
outer p e l l i c l e . This p e l l i c l e could possibly be part of 
a peritrophic membrane, a structure which has not 
previously been recorded i n Collembola. 
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2) The i d e n t i f i c a t i o n of the sexes. 
Observation of reproductive behaviour i n 

Collembola i s made d i f f i c u l t by a marked lack of sexual 
dimorphism i n most species. Handschin (1928), Ripper 
(1930), A g r e l l (1936), Davis and Harris (1936), Mayer 
(1957) and Choudhuri (1958) have pointed out the 
differences i n the structure of the genital plate of the 
two sexes, but these are observable only by high power 
microscopic examination i n prepared material. I n the 
female the genital aperture i s a transverse s l i t , 
bordered by b r i s t l e s pointing posteriorly; the male 
genital plate i s roughly c i r c u l a r and bears a longitud
i n a l s l i t , the b r i s t l e s being arranged r a d i a l l y . I n 
Hyppgastrura armata B r i t t (1950) has indicated that 
gravid females may be recognised by t h e i r distended 
abdomen, and Schaller (1953) recognised females of 
Orchesella spp. i n the same way. The present w r i t e r has 
found t h i s sexual recognition possible i n species of the 
genera Hypogastrura and Onychlurus« but males could not 
be separated from non-gravid females by t h i s means. 

Willem (1925) and Denis (1926) have recorded that 
the t i p of the abdomen i s upturned i n males of Archisotoma 
besselsi. Mayer (1957) casts doubt on the v a l i d i t y of 
t h i s observation, and r i g h t l y points out that i t could 
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be caused by the released furcula i n the diagram of the 
male. Lindemann (1950) records the presence of patches 
of l i g h t coloured b r i s t l e s i n the males of Orchesella 
v i l l o s a and Poggendorf (1956) and Mayer (1957) have shown 
these to be present i n males only during the sexual phases 
"when spermatophores are deposited. 

The Nearctic species Guthriella muskegis and 
Rhodanella niinos from Somaliland show a marked sexual 
dimorphism (Paclt 1956), but these are exceptions w i t h i n 
the group. Minor sexual differences can be seen i n the 
d i f f e r e n t antennal segments of Australotomurus and i n the 
presence of abdominal organs i n the males of some species 
of the Genus Onychiurus. I n the Symphypleona the male i s 
often much smaller than the female, and sometimes the two 
sexes are distinguishable by t h e i r colours (Paclt 1956)• 
I n the genera Sminthurides* Sminthurinus and Dicyrtoma 
i t i s possible to separate the l i v e females by means of 
t h e i r fanal appendages' , which are modified b r i s t l e s . 

Schaller (1953) has found i t possible to separate 
the sexes of Tomocerus vulgaris and Orchesella v i l l o s a 
by means of t h e i r behaviour at times of reproduction: 
whereas the males were very active the females i n both 
cases were lethargic. The present w r i t e r has observed 
females of T. minor to be inactive p r i o r to egg layi n g , 
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but since similar behaviour occurs pri o r to moulting, 
i n both sexes, i t was found to be of no value i n 
separating the sexes i n t h i s species. 

3) Courtship behaviour. 
The l i t e r a t u r e contains no comprehensive review 

of the present knowledge of reproductive behaviour i n 
Collembola. I n order to i n t e r p r e t the observations made 
during the present work a b r i e f review of present 
knowledge i s contained i n t h i s and the next two sections, 
together with o r i g i n a l information-

I n the l i t e r a t u r e the f i r s t record of courtship 
behaviour i s that of Olfers (1862) where he describes the 
grasping of the antennae of the female with those of the 
male i n Sminthurides aquaticus. Hermann (1865 a, b) 
describes the chasing of females of 1Podura* by the males, 
and Lubbock (1868) has outlined the courtship of 
B o u r l e t i e l l a lutea i n most v i v i d terms: " I t i s very 
amusing to see these l i t t l e creatures coquetting together. 
The male, which i s much smaller than the female, runs 
round her, and they butt one another, standing face to 
face, and moving backward and forward l i k e two p l a y f u l 
lambs. Then the female pretends to run away and the 
male runs a f t e r her, with a queer appearance of anger, 
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gets i n fron t and stands facing her again; then she 
turns coyly round, but he, quicker and more ac t i v e , 
scuttles round too, and seems to whip her with h i s 
antennae; then f o r a b i t they stand face to face, play 
with t h e i r antennae, and seem to be a l l i n a l l to one 
another 1 1. Tullberg (1871) has described similar behaviour 
i n B o u r l e t i e l l a bicincta. 

I n the Genus Sminthurides t h i s type of courtship 
leads up to the interlocking of the antennae of the male 
and female. This has been considered at length by 
Reuter (1880, 1883), Oudemans (1888, 1890), Schott (1893), 
Levander (139*0, Handschin (1928), Falkenhan (1932), 
Schaller (1953) and Mayer (1957) i n Sminthurides aquaticus. 
Special b r i s t l e s occur on the antennae of the male 
(Fig. h) and these f a c i l i t a t e the attachment of the male 
to the antennae of the female; following upon t h i s the 
female picks up the much smaller male and carries him 
above her head- The locking of the male's antennae 
upon those of the female i s at f i r s t apparently resented 
by the l a t t e r , f o r by nodding movements of the head the 
male i s often battered upon the substrate. Normally the 
male retains his purchase and the female eventually stops 
the nodding action. Carried i n t h i s p o s i t i o n the male 
continues a l l the normal a c t i v i t i e s of l i f e , such as 



Fig. k. 

The method used i n interlocking the antennae 
i n the pre-coital behaviour of Sminthurides schoetti. 

Top. Detail of the male l e f t antenna gripping 
the r i g h t antenna of the female. x600. 

Bottom. The postures assumed by the conjoined 
male and female. xlOO. 
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eating, defaecating and cleaning i t s e l f , according to 
Mayer (1957) • From time to time the male gives up the 
passive role of being carried and drags the female about 
(Strebel 1952). Mayer (1957) records that the male can 
descend to the substrate at any time, without releasing 
the antennae of the female, as a re s u l t of bending the 
antennae. A l l these aspects of the behaviour of 
S. aquaticus have been observed i n S. schoetti and 
S. malmgreni during the present work. 

I n order to maintain a gr i p of the female 1 s 
antennae, the antennae of the male must be bent at an 
angle of 90° between the 2nd and 3rd segments. Diagrams 
of t h i s which occur i n the l i t e r a t u r e are poor and i n some 
cases erroneous eg. Reuter i n Paclt (1956), and f o r t h i s 
reason a diagram i s given here (Fig. k). This shows the 
ori e n t a t i o n of the male and female antennae i n conjoined 
individuals of Sminthurides schoetti; the posture has 
been observed to be i d e n t i c a l i n S. malmgreni; Stach (1951) 
gives a good diagram of the antennae of the male of 
S. cruciatus. 

The interlocking of the antennae i n the Genus 
Sminthurides i s compared by Schaller (1953) to the i n t e r 
locking of the pincers of pseudoscorpions (Arachnida), 
where the male drags the female over spermatophores. 
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Whilst no observations have been made of the deposition 
of spermatophores i n the Genus Sminthurides * Strebel 
(unpublished work recorded i n Schaller 1953) has recorded 
them from the closely related species Sminthurinus niger 
and Mayer (1957) and the present w r i t e r i n other members 
of the Symphypleona* However, the males of a l l these 
species lack grasping antennae, although Strebel (1929) 
records 1 love play 1 i n the touching of the antennae i n 
S» niger. 

I n the Arthrppleona Strebel (1932) and B r i t t 
(1951) have recorded courtship behaviour involving the 
stimulation of both sexes by means of the antennae. I n 
Orchesella v i l l o s a Schaller (1953) records the male 
touching the females with the antennae during the 
deposition of the spermatophores, but points out that the 
presence of females has no effect on t h e i r deposition, 
i n that isolated males w i l l produce them. This i s also 
the case i n Dicyrtoma minuta. 

h) The spermatophores. 
Schaller (1953) describes the spermatophores of 

Orchesella v i l l o s a as s t i f f upright stalks which are 
sometimes s l i g h t l y bent at the upper end. The whole 
stalk i s hyaline and colourless and at the top i s the 
spermal drop which i s also colourless and transparent. 
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This description applies equally well to the spermat-
ophores of Tomocerus minor and Dicyrtoma minuta, which 
are described here, and to the spermatophores of several 
species described by Mayer (1957)• Table 9 gives a 
summary of the dimensions of the known spermatophores of 
Collembola. The diameber of the sperm droplet varies 
with the r e l a t i v e humidity; those measurements given by 
the present wr i t e r are f o r spermatophores i n about 100$ 
re l a t i v e humidity. 

Whilst Schaller (1953) makes no mention of the 
structures which maintain the sperm droplet at the top to 
the stalk of the spermatophore, Mayer (1957) describes a 
double branching i n the stalk of the spermatophores of 
0. v i l l o s a , and i l l u s t r a t e s t h i s together with the cone-
shaped structure occurring at the t i p of the spermatophore 
stalks i n Sminthurus fuscus* I n the two species 
examined by the present w r i t e r , two d i f f e r e n t mechanisms 
f o r maintaining the droplet at the top of the s t a l k have 
been observed. I n Tomocerus minor the top of the stal k 
i s curved over into a c i r c l e , and the sperm droplet hangs 
i n i t , or round i t ; i n Dicyrtoma minuta the t i p of the 
stalk carries a broader cone, the apex of which projects 
through the sperm droplet which i s maintained at the t i p 
of the stalk by the broader base of the cone (Fig. 5), 
as i n Sminthurus fuscus (Mayer 1957) • 
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Fig- 5. 

Spermatophores of Dicyrtoma minuta and Tomocerus 
minor. 

Top. Appearance of newly deposited spermatophore. 
Bottom. D e t a i l of the support of the sperm dr o p l e t 

at the top of the s t a l k of the spermatophore. 
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Schaller (1953) records t h a t the sperms are 
reta i n e d w i t h i n a p e l l i c l e on the s t a l k s , and t h i s i s 
also the case i n T. minor and D. minuta. However, i t 
was found i n both cases the p e l l i c l e d i d not burst on 
contact w i t h water as was recorded by both S c h a l l e r (1953) 
and Mayer (1957). The p e l l i c l e was found t o be remarkably 
r e s i s t a n t , and the whole spermatophore could be mounted 
i n water, lactophenol or p o l y v i n y l - l a c t o p h e n o l , without 
b u r s t i n g ; permanent preparations were made i n t h i s way 
without damage to the sperm globule. These observations 
suggest that i t i s only by mechanical f r a c t u r e t h a t the 
p e l l i c l e of the sperm globule can be broken. 

The production of up t o 300 spermatophores per 
male 0. v i l l o s a was recorded by Schaller (1953)? and 
Mayer (1957) records i n the same species a maximum of 
1̂ 9 f o r a single period of deposi t i o n , up t o 9 of which 
were recorded i n the l i f e t i m e of a single i n d i v i d u a l . 
I n D. minuta Mayer (1957) found an average of 50 sperma
tophores per male, at each de p o s i t i o n , w i t h a maximum of 
69; t h i s compares w i t h two counts of 53 and 55 i n the 
present work. No estimate was possible i n T. minor 
where spermatophores were produced i n mass c u l t u r e s . 

According to Mayer (1957) spermatophores are 
deposited q u i t e r a p i d l y , a speed of 13 i n 185 sees, 
having been recorded i n 0. v i l l o s a . The same author 
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also records males eating spermatophores which are more 
than 8-10 hours o l d , but apparently females do not do t h i s . 

The sperms of several species of Collembola have 

been described by Mayer (1957). 

5) The t r a n s f e r of the sperms. 
L a t r e i l l e (1832) and K o l a n a t i (1858) having 

stated that the v e n t r a l tube c a r r i e d the e x t e r n a l opening 
of the sex organs, i t was not u n t i l the observations of 
Lemoine (1882) and Lie-Petersen (1899) t h a t sperm t r a n s f e r 
was observed from the g e n i t a l aperture which occurs three 
segments to the po s t e r i o r of the v e n t r a l tube. Lemoine 
observed a drop of seminal f l u i d on the g e n i t a l p l a t e o f 
a male Sminthurus fuscus; i t was recorded t h a t t h i s was 
taken i n t o the mouth by the female due to the f a c t t h a t 
i t was an immature i n d i v i d u a l where the g e n i t a l p l a t e was 
covered by a tegumen. I t was concluded t h a t the sperm 
passed through the i n t e s t i n e and penetrated t o the ovaries 
v i a a special canal i n f r o n t of the rectum. L i e -
Petersen 1s observations concerned B o u r l e t i e l l a novemlin-
eata and i n t r a n s l a t i o n were reported as f o l l o w s : 
"The male deposits a drop of sperm on the ground, f r e e s 
himself from the head of the female, smears h i s mouth 
par t s w i t h seminal f l u i d w i t h the help of h i s f o r e l e g s , 
pushes h i s head under the rear part of the female 1 s 
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abdomen, and forces the sperm with the help of h i s 
mouthparts, int o the sexual opening of the female". I t 
was recorded that the genital aperture of the female 
opened to allow entry of the seminal f l u i d , and that 
the male repeated the dabbing of sperm onto the g e n i t a l 
plate of the female on 18 occasions at 10 second i n t e r 
vals. Paclt (1956) casts doubt upon the v a l i d i t y of 
t h i s observation on the basis that amongst other 
Collembola only indirect transfer has been observed, 
eg. Schaller (1953)? Strebel (1932) and B r i t t (1.951 )• 

I n Orchesella v i l l o s a and Tomocerus vulgaris 
the females s t r i p o f f the sperm droplets from the stalked 
spermatophores i n random movement (Schaller 1953), and 
according to t h i s authority a droplet of l i q u i d i s exuded 
from the genital aperture of the female i n t o which the 
sperm droplet supposedly bursts. I n the l i g h t of the 
observations previously recorded (page 19) t h i s seems 
un l i k e l y , and the sperm droplets probably burst on 
contact with the c u t i c l e of the female. 

I n an attempt to cast some l i g h t on the problem 
of the uptake of the sperm by females the following 
experiment was carried out. 12 females of Dicyrtoma 
minuta were isolated singly i n culture tubes, and another 
twelve tubes were prepared which contained males. None 
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of the females produced eggs, and a f t e r 0̂ days i t was 
assumed that they had not been previously f e r t i l i s e d . 
At t h i s time two of the males had produced spermatophores, 
and a f t e r removing the male from each of these tubes a 
single female was introduced* The females were allowed 
to remain i n the spermatophore-containing tubes f o r a 
period of f i v e minutes, during which time they were 
continuously observed. Neither i n d i v i d u a l appeared to 
appreciate the presence of spermatophores and ran about 
the tube brushing against them with the underside of the 
body and the legs. I n t h i s way several sperm droplets 
were caused to burst on the body surface, purely by 
mechanical contact. A f t e r the period of f i v e minutes 
the two females were returned to t h e i r own tubes, where 
a f t e r about 90 hours they began to produce eggs which 
eventually hatched. None of the other isolated females 
produced eggs. The period between contacting spermato
phores and oviposition i s comparable with that observed 
by Schaller of 3 hours to 3 days between 'dragging 1 

and oviposition i n Orchesella v i l l o s a -
From these observations i t seems probable that 

i n D. minuta: 
1. The sperms make t h e i r own way, probably by a 

chemotactic response, to the gen i t a l aperture of the 
female, having once arrived on the body surface: or 
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2. The sperms are collected by some means and 
transferred to the genital aperture. 

The only structures which appear capable of 
reaching most parts of the body i n Dicyrtoma minuta are 
the filaments of the ventral tube (see Nutman 19*+D 5 

when extruded these reach a length of almost twice that 
of the body. I f the ventral tube i s used i n sperm 
c o l l e c t i o n , then the records of individuals taking sperm 
into the mouth i e . Lemoine (1882), Lie-Petersen (1899), 

Strebel i n Schaller (1953)? suggests the possible use of 
the ventral groove to pass the sperm to the filaments of 
the ventral tube. The ventral groove arises j u s t 
behind the labium (Hoffman 190U, Ruppel 1953) and 
secretions of the cephalic gland are passed along i t to 
the ventral tube. The filaments of the ven t r a l tube 
could then be u t i l i s e d to introduce the sperm to the 
geni t a l aperture. As yet t h i s i s purely surmise, but 
i t i s a p o s s i b i l i t y worthy of future consideration. 

Whilst i n the experiments recorded here the males 
were absent during the uptake of sperm by females of 
Dicyrtoma minuta, Mayer (1957) i s of the opinion that 
under natural circumstances the male i s usually present 
during the uptake of spermatophores by the female; t h i s 
i s based on f i e l d observations of the species* 
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I n Podura aguatica (Strebel 1932) and Hypoeastrura 
arrnata ( B r i t t 1951) apparently no spermatophores are 
produced, but the sperm droplets are deposited on the 
substrate and the female gathers the sperm by rubbing the 
geni t a l plate over the droplet. I n neither case was the 
presence of sperm i n the sperm droplet v e r i f i e d . The 
p o s s i b i l i t y of direct transmission of sperm by the placing 
together of the genital plates of the male and female i n 
Archisotoma besselsi (Willem 1925), i s supported by the 
present w r i t e r i n the case of Onychiurus tricampatus and 
0. f u r c i f e r . I n two observations involving these species 
males have been seen i n cav i t i e s i n the substrate of the 
culture j a r (caused by the formation of a i r bubbles as 
the plaster of Paris set) i n the presence of another 
indiv i d u a l of the same species. I n both cases a droplet 
of sperm was hanging from the genital plate, and t h i s 
was removed and examined under the microscope; no 
d e f i n i t i v e p e l l i c l e was present over the droplet, and 
motile sperms were found to be present i n both cases. 
Movement of either individual i n the confined space 
would have resulted i n the sperm droplet bursting upon 
the other i n d i v i d u a l . The sex of the second i n d i v i d u a l 
was i n neither case determined as t h i s would have 
involved t h e i r being k i l l e d . Mayer (1957) records that 
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i n Onychiurus armatus and Tullbergia quadrispina transfer 
of sperms occurs by the females picking up drops by 
means of the genital plate, deposition and acceptance 
of sperm being undirected by the other partner. 

Sperm transfer i n the Poduridae and Onychiuridae 
thus appears to be accomplished by the int r o d u c t i o n of 
free sperm int o the genital aperture of the female, 
either by c o l l e c t i o n from the substrate with no part 
being played by the male, or by the female brushing i t 
o f f the genital plate of the male when i n close proximity 
to i t . No d e f i n i t e information exists f o r the Isotonldae, 
although the observation of Willem (1925) i n Archisotoma 
besselsi suggests a transfer of sperm with the male 
taking an active part. I n the Entomobryidae spermato-
phores occur, the sperm being taken up during random 
movement of the female. I n the Sminthuridae spermato-
phores exist i n the genera Sminthurinus. Sminthurus and 
Dicyrtoma and apparently both deliberate (Strebel i n 
Schaller 1953? Mayer 1957) and accidental c o l l e c t i o n 
(Schaller 19535 present w r i t e r ) occur; Lie-Petersen 1 s 
observations suggest that some species of the Sminthuridae 

w 

do not possess spermatophores, and t h i s has been confirmed 
by Mayer (1957). 
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6) The eggs. 
a) Oviposition. 

i ) Procedure. 
Davidson (193*+) records that p r i o r to o v i p o s i t i o n 

i n Sminthurus v i r i d i s a drop of 'anal f l u i d 1 i s secreted 
from the anus and t h i s i s deposited on the s o i l surface 
so that the egg becomes coated with i t as i t i s extruded; 
t h i s implies that the abdomen t i p i s i n contact with the 
substrate during the extrusion of the egg from the g e n i t a l 
aperture. The present w r i t e r has observed o v i p o s i t i o n 
i n several individuals of the following species i n 
culture: Hyppgastrura denticulata, Onychiurus f u r c i f e r , 
0. latus, 0* tricampatus, 0. procampatus* Tullbergia 
krausbaueri«, Lepidocyrtus lanuginosus* L.cF>curvicollis^ 
Isotoma s e n s i b i l i s * Dicyrtoma fusca and D. minuta* I n 
a l l cases the abdomen t i p was elevated u n t i l the egg was 
extruded, and special postures were assumed by laying 
females apparently i n order to prevent the egg from 
contacting the substrate u n t i l f u l l y extruded (Fig. 6 ) . 

Choudhuri (1958) records that the la s t abdominal segment 
i s retracted i n Oqychiurus spp. during o v i p o s i t i o n , but 
i n the four species of the genus cultured i n the present 
work t h i s was never obvious. The same author states 
that "the g e n i t a l aperture ( i s ) lowered i n order to 



Fig. 6. 

The postures assumed by females during 
oviposition. I n a l l cases the g e n i t a l plate i s 
kept well clear of the substrate u n t i l the egg i s 
extruded from the genital aperture. x30. 
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f a c i l i t a t e oviposition 1 1; such i s not the case, and i n 
a l l species concerned the gen i t a l aperture apparently i s 
deliberately elevated by the curl i n g of the abdomen i n t o 
a shallow U-shape. 

During the process of extruding the egg from the 
genital plate female Collembola normally remain immobile. 
I n Dicyrtoma fusca and D. minuta the abdomen t i p pulsates 
during the process and pa r t i c l e s of s o i l and faecal 
material move round the outside of the chorion, bathed i n 
anal f l u i d ; these particles move s l i g h t l y at each 
pulsation and originate from the anus. I n t h i s way the 
egg may become e n t i r e l y covered with dark p a r t i c l e s 
before i t i s f i n a l l y deposited. Deposition occurs with 
an abrupt cessation of the pulsating movement and the 
abdomen simultaneously drops onto the substrate. The 
female then rocks from side to side, whilst the claws 
r e t a i n t h e i r purchase and movement originates at the 
j o i n t s of the t i b i o t a r s i and femurs; the rest of the 
body remains motionless. The rocking movement i s 
exaggerated a n t e r i o r l y and t h i s causes a r o t a t i o n between 
the genital plate and the egg. The insect breaks free 
a f t e r about 5 seconds and moves quickly away, picking 
up material from the substrate, and apparently eating i t . 
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This a c t i v i t y i s reminiscent of the 'displacement* 
a c t i v i t i e s of vertebrates (Armstrong 1950). Only i n 
Dicyrtoma fusca and D. minuta were the eggs coated with 
faecal material during the laying process, as Davidson 
(193k) records i n Sminthurus v i r i d i s . 

I n the other species observed, the eggs are l a i d 
i n batches and as an egg i s extruded i t i s deposited on 
the substrate by a sli g h t j e r k i n g movement; the next egg 
is l a i d i n a similar posture, with no contact between 
the two. The insects free themselves from a batch of 
eggs simply by walking away from i t , and single eggs are 
detached from the genital plate by straightening out the 
abdomen so that the egg i s brushed o f f by contact with 
the substrate. Occasionally single eggs were found i n 
the cultures and these were probably due to a female 
being disturbed whilst laying. Wood (pers. comm.) has 
found t h i s to be the case i n Onychiurus 'armatus1 . 

i i ) Duration of oviposition. 
Choudhuri (1958) records a period of between 

35 and k6 minutes f o r the production of an egg batch i n 
Onychiurus spp.. I n Table 10 the times recorded to 
produce egg batches are shown fo r seven species; those 
f o r Onychiurus latus and other Arthropleona agree closely 
with the times recorded by Choudhuri, whilst both species 
of Dicyrtoma take much longer to produce an egg-batch. 
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Table 10. Duration of oviposition i n Collembola. 

Species Batch size Time taken Average time 
to lay batch to lay one egg 
i n minutes i n minutes 

Hyppgastrura 33 90 
denticulata 

25 75 
30 90 2.9 

Onychiurus 15 k0 
latus 

12 30 2.6 

Tullbergia 10 35 
krausbaueri 

8 35 3-9 

Isotoma 20 k$ 
s e n s i b i l i s 

12 30 2.3 

Lepidocyrtus 35 120 3.k 
lanuginosus 

Dicyrtoma 25 IkkO 
minuta 

26 1V+0 

27 IkkO 
26 IkkO 

Dicyrtoma 17 lhkO 
fusca 

25 IkkO 

18 lkkO 

19 IkkO 79. if 
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i i i ) The si t u a t i o n i n which eggs are l a i d . 
The eggs of Collembola are usually l a i d i n 

batches (Paclt 1956). I n the cultures three species did 
not lay t h e i r eggs i n batches. Tomocerus minor l a i d i t s 
eggs singly, wherever possible i n a crevice approximately 
the same size as the egg i t s e l f . Dicyrtoma fusca and 
D. minuta d i s t r i b u t e d t h e i r eggs over the whole of the 
culture substrate and here again the eggs were placed 
i n crevices and depressions. D. minuta deposited eggs 
i n cultures where a pattern of scratches was provided on 
the surface; a l l eggs were l a i d i n the grooves. 
Occasionally i n a l l three species up to three eggs were 
found together i n a cluster, but never more. 

I n the cultured species which lay t h e i r eggs i n 
batches (Table 11), wherever possible the eggs are placed 
i n a cavity. I n the plaster of Paris medium holes l e f t 
by a i r bubbles as i t sets are a favourite s i t u a t i o n f o r 
the deposition of eggs, and there i s a suggestion that 
females lay more readily i n culture jars containing 
such cav i t i e s . 

b) The newly l a i d eggs. 
Paclt (1956) states that the newly l a i d eggs 

of Collembola are shining white; t h i s i s not in v a r i a b l y 
the case as Milne (1960) found, and Choudhuri (1958) 

has described how colour changes occur during the 
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development of the eggs of Onychiurus spp.. The eggs 
of Isotoma v i r i d i s and Tomocerus minor are orange i n 
colour when f i r s t l a i d , and l a t e r take on a brownish 
tinge, whereas the eggs of Neanura muscorum are a 
characteristic delicate shade of cream tinged with pink. 
Those of Hypogastrura denticulata are l i k e small pearls 
when f i r s t l a i d and the eggs of Onychiurus latus* 
0. tricampatus and 0. procampatus are similar but have 
a s l i g h t l y whiter appearance and are less translucent. 
The eggs of Isotoma olivacea and I . infuscata are almost 
transparent on laying and the eggs of Lepidocyrtus 
lanuginosus and L. c u r v i c o l l i s have a white, almost 
opaque appearance. The eggs of Isotomurus p a l ^ u s t r i s 
are bright yellow i n colour. During fu r t h e r development 
the eggs of some species become coloured (Table 20). 

c) Fecundity, 
i ) Introduction. 
Lubbock (1873) reports that "the eggs are l a i d 

either singly, or i n batches of from f i f t y to a hundred 1 1, 
and to date the l i t e r a t u r e contains l i t t l e more precise 
information. The most comprehensive data available i s 
f o r Sminthurus v i r i d i s , where Davidson (193^) records an 
average of 60 eggs per batch. Holdaway (1927) and 
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Mac la gen (1932) have shorn that the female of t h i s 
species lays two egg batches at an i n t e r v a l of ten days. 
South (1959) records a mean of 53*5 f o r 11 egg batches 
of Entomobrya multifasciata. 

I n the same way that observations on the behaviour 
of Collembola i s made d i f f i c u l t by the lack of a marked 
sexual dimorphism, so the design of experiments to 
determine the number of eggs l a i d i s hindered. Four 
methods have been attempted i n the present work to obtain 
information on the number of eggs produced by an individual 
female. These methods are: 

1) The estimation of the average size of the egg batch; 
2) The i s o l a t i o n of the gravid female u n t i l ovipositlon; 
3) The dissection of the gravid female; 
k) The setting up of a large number of small cultures 

containing two individuals, some 1 pairs 1 thus being male 
and female (the sex of 'pairs 1 was determined on subsequent 
examination). 

i i ) Methods of determining the numbers of eggs l a i d 
at each period of oviposition. 

1) The egg batch size. 
Some information exists i n the l i t e r a t u r e 

concerning the size of egg batches and t h i s i s summarised 
i n Table 11. Some authors have indicated that t h e i r 
figures are means of a large number of egg batches, 
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Table 11- Size of egg batches of Collembola determined 
by previous workers* 

Species 

Hypogastrura 
manubrialis 

Hypogastrura 
purpurascens 

Hypogastrura 
armata 

Neanura muscorum 
Qnychiurus 

f u r c i f e r 
Onychiurus 

procampatus 
Onychiurus 

latus 
Onychiurus 

fimatus 
Onychiurus e pa r t heno get^bicu s 
Onychiurus 

imperfectus 
Onychiurus 

armatus 
Tullbergia 

krausbaueri 
Folsomia Candida 
Isotoma v i r i d i s 
Proisotoma sp. 
Isotoma sp. 
Isotomurus 

palus t r i s 
Entomobrya 

multifasciata 
Pseudosine11a 

violenta 
Sminthurides aquaticus 
Sminthurus v i r i d i s 

Authority 

Ripper (1930) 

Strebel (1932) 

B r i t t (195D 
Wood (pers.comm.) 
Milne (1960) 

Milne (1960) 

Milne (1960) 

Milne (1960> 

Choudhuri (1958) 

Choudhuri (1958) 

Choudhuri (1958) 

Wood (pers.comm.) 
Milne (1960) 

Milne (1960) 
Milne (1960) 
Wood (pers.comm.) 
Wood (pers.comm.) 

James (1933) 

South (1959) 
Davis & Harris 

(1936) 

Anders (1959) 

Davidson (193*+) 

Comments 

Mean of 50 
groups 

Batch 
size 
30 

20-30 

28 
31 
1-2 

1-6 

1-2 

1-2 
18 Maximum no. 

of 
eggs l a i d under 16 

optimum 
conditions 

18 

10 

Mean of 3 
batches 

Mean of 11 
batches 

Calculated: 
M-5 females giving r i s e 

to 7020 young 

1-2 

9-36 
27-5^ 
17 
15 
19 

53-5 

^5 

15-9 

60 
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eg. B r i t t (1951), but f o r the most part the number of 
egg batches i s not indicated and no confidence l i m i t s are 
given. Probably the only figures that can be r e l i e d upon 
to be accurate estimates of the egg batch size are those 
of Davidson (193^), B r i t t (195D and South (1959), the 
others being either too large, eg. Choudhuri (1958) or 
too small, eg. Milne (1961), due to the methods used by 
these workers. However, there appears to be general 
agreement that the batch size i n the Genus Hyppgastrura 
l i e s between 20 and 30. 

At the beginning of the present work several 
species were introduced i n t o laboratory cultures i n order 
to ascertain which species were most suitable f o r 
laboratory work. Several species produced eggs i n mass 
cultures, and a summary of the batch size i n those species 
laying i n t h i s way, i s given i n Table 12. Whilst some 
of the data i s meagre because cultur i n g of some species 
was discontinued, they are presented here since they are 
often an improvement on the existing data. 

The data presented f o r Hypogastrura denticulata 
agrees well with previous estimates of egg batch size i n 
the genus, but i n other genera the agreement i s not so 
good. Choudhuri1 s (1958) data f o r l i t t e r - g i v i n g 
(hemiedaphic) members of the Genus Onychiurus appears to 
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Table 12. Egg batch sizes of Collembola reared i n 
laboratory cultures. 

Species 

Hypogastrura 
denticulata 

Neanura 
muscorum 

Onychiurus 
furc i f e r 

Onychiurus 
procampatus 

Onychiurus 
tricampatus 

Onychiurus 
latus 

Isotoma 
s e n s i b i l i s 

Isotoma 
v i r i d i s 

Isotoma 
o l i v a c e a 

Isotomurus 
palus t r i s 

Lepidocyrtus 
f f c u r v i c o l l i s 
Lepidocyrtus 
lanuginosus 

Total 
eggs 

1+330 

28 

66k 

621 

60 

172 

1396 

36*+ 

3*+6 

263 

Number of 
batches 

lk<y 

3 

9* 

76 

69 

i+l 

3 

8 

1+0 

12 

21 

17 

Mean number 
of eggs 

per batch 

30.2 

9-3 

11+-3 

k.6 

9.7 

15.1 

20.0 

21.5 

3i+. 9 

30.3 

I6.1+ 

15.1+ 

Standard 
Error of 
the Mean 

+ 

2.6 

0.9 

0.9 

0.2 

0.6 

0.9 

8.0 

3.5 

6.2 

6.2 

3.7 

2.0 
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be a sli g h t over-estimate, whilst Milne's (1961) data 
f o r the same genus i s an underestimate f o r both s o i l -
l i v i n g (euedaphic) and l i t t e r - l i v i n g species. The data 
presented here show a s i g n i f i c a n t difference (P <0.05) 

between the sizes of the batches of the euedaphic 
Onychiuridae (0. procampatus and 0. tricampatus) and the 
hemiedaphic species (0* latus and 0. f u r c i f e r ) . The 
difference i s emphasised most i n a comparison of 0. latus 
and 0. procampatus, where both the adult females and the 
eggs are i d e n t i c a l i n size. Possibly the reduction i n 
the size of the egg batch i n euedaphic species i s 
correlated with a reduced predation (or other m o r t a l i t y 
factor) i n the more confined spaces between the s o i l 
p a r t i c l e s . There i s also a s i g n i f i c a n t difference 
between the egg batch sizes of 0. procampatus and 
0. tricampatus. 

The size of egg batches i n the Isotomidae appears 
to be generally larger than Jhat i n the Entomobryidae 
i n the present work, although Davis and Harris (1936) 

give a high figure for Pseudosinella violenta (Entomo
bryidae) . 

2) I s o l a t i o n of the gravid female. 
During the times of maximum egg laying i n the 

f i e l d , presumably gravid adult individuals were collected 
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and i s o l a t e d i n single c u l t u r e s ; i t was hoped t h a t some 
of these would prove t o be f e r t i l i s e d females, which 
would subsequently deposit eggs. For t h i s t o be success
f u l , recent f e r t i l i s a t i o n (see page 82) was necessary, as 
females i s o l a t e d alone f a i l t o lay u n f e r t i l i s e d eggs. 
F i f t y c u l t u r e s of each of eight species were set up; 
Table 13 gives the data obtained i n t h i s way. 

Table 13* The number of eggs l a i d by i s o l a t e d female 
Collembola* 

T o t a l Number of Mean number Standard 
Species eggs cu l t u r e s 

producing 
eggs 

of eggs 
per female 

E r r o r of 
the Mean 

+ 
Hypogastrura 
den t i c u l a t a 

37 1 37 -

Isotoma 
v i r i d i s 

51 1 51 -

Tomocerus 
minor 

7h 3 2k. 6 h.8 

Lepidocyrtus 
< f.curvicollis 

76 2 38 oC 

Dicyrtoma 
minuta 

320 11 29.1 3.2 

Dicyrtoma 5^5 25 21.8 1.7 fusca 

No eggs were obtained from Onychiurus l a t u s or from 
Lepidocyrtus lanuginosus by t h i s method. I n the f i r s t 
three species i n Table 13 the data were obtained i n May, 
i n the l a s t three species i n October. 
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Excepting f o r the two species of Dicyrtoma the 
method proved u n s a t i s f a c t o r y f o r determining the number 
of eggs l a i d by an i n d i v i d u a l female during a s i n g l e 
period of egg l a y i n g . However, these data show t h a t the 
adul t female i s capable of producing appreciably more 
eggs than the data f o r egg batch sizes would suggest. 
This data also provides i n f o r m a t i o n on the three species 
th a t d i d not lay eggs i n batches i n the c u l t u r e s , namely 
Tomocerus minor, Dicyrtoma minuta and D. fusca. 

3) Dissection of the g r a v i d female. 
Of the f o u r hundred insects i s o l a t e d i n the l a s t 

experiment, h a l f were used i n other c u l t u r e s a f t e r a 
period of three weeks, when i t was assumed t h a t no more 
eggs would be l a i d ; the remaining two hundred were 
dissected. Some proved to be males, and i n the m a j o r i t y 
of females the ovaries d i d not cgpntain eggs. Only i n 
the body c a v i t i e s of females having l a i d eggs were more 
eggs found, these i n d i v i d u a l s being dissected w i t h i n 
kQ hours of ceasing o v i p o s i t i o n . 

The single Hyppgastrura d e n t i c u l a t a which had 
l a i d 37 eggs contained 13 more, making a t o t a l of 50 
eggs f o r the i n d i v i d u a l . I n one female Dicyrtoma minuta 
which had l a i d 25 eggs, the r i g h t ovary was empty and 
the l e f t contained 22 eggs; t h i s gave a t o t a l of k7 eggs 
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f o r the i n s e c t . A second insect of t h i s species -which 
died a f t e r l a y i n g two eggs (not included i n Table 13) 
was found t o have 22 eggs i n the r i g h t ovary, and 2k i n 
the l e f t , a t o t a l of h8 eggs. The other i n d i v i d u a l s of 
t h i s species which were dissected were found t o co n t a i n 
no more eggs. I t seems probable t h a t i n t h i s species 
and i n D. fusca, the content of one ovary i s l a i d before 
the other, and th a t some i n d i v i d u a l s had already l a i d 
the content of one ovary when c o l l e c t e d from the f i e l d ; 
thus the data given i n Table 13 i s probably an under
estimate. 

Again the data i n t h i s s ection are meagre, but 
i t i s recorded t h a t a single female Hypogastrura 
d e n t i c u l a t a may produce up t o 50 eggs and a s i n g l e 
Dicyrtoma minuta up t o k8 eggs. I t i s recognised t h a t 
although they are produced by the ovary, t h i s i s no 
i n d i c a t i o n t h a t the eggs would ever be l a i d , as P h i l l i p s o n 
(1959) has pointed out i n Phalangidae* However, since 
batches of over 50 eggs have been recorded from 
H. den t i c u l a t a i n mass c u l t u r e s during the present work, 
and i s o l a t e d females of D. minuta have l a i d up t o kk eggs, 
i t i s possible t h a t a l l these eggs could be l a i d . 

k) C u l t u r i n g ! p a i r s 1 . 
The remaining i n d i v i d u a l s of the eig h t species 

of Collembola from the i s o l a t i o n experiment were each 
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provided w i t h another i n d i v i d u a l of the same species; 
i t was hoped t h a t some of these ' p a i r s 1 would be male 
and female and subsequently give r i s e t o f e r t i l e eggs. 
Where the sexes could be recognised i e . i n the two species 
o f Dicyrtoma, male/female p a i r i n g s were made. Wh i l s t 
conditions were maintained as s i m i l a r as possible t o 
those i n the mass cult u r e s where eggs were l a i d f r e e l y , 
t h i s experiment proved to be a f a i l u r e . Only one ' p a i r 1 

produced eggs; t h i s was a ' p a i r 1 of Onychiurus l a t u s * 
and 21 eggs which subsequently proved t o be f e r t i l e , 
were deposited i n a single batch. Of the seventeen 
' p a i r s 1 of 0. l a t u s set up, f i v e proved t o be male/female 
p a i r s on subsequent examination. The other species were 
not examined f o r the incidence of male/female p a i r s , as 
i t was thought t h a t t h i s would provide l i t t l e u s e f u l 
i n f o r m a t i o n . 

i i i ) The number of periods of o v i p o s i t i o n . 
Holdaway (192?) and Maclagen (1932) have shown 

th a t two periods of o v i p o s i t i o n occur i n Sminthurus 
v i r i d i s a t i n t e r v a l s of ten days, and St r e b e l (1932) 
reports t h a t there are a t lea s t three batches of eggs 
produced i n the l i f e t i m e of Hypogastrura purpurascens. 
B r i t t (195D records that many female H» armata produced 
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two batches of eggs, and t h a t one i n d i v i d u a l l a i d three 
batches and another f o u r batches. Wood (pers. comm.) 
records at le a s t two egg batches during the l i f e t i m e o f 
Onychiurus arraatus, and the present w r i t e r has found t h i s 
t o be the case i n 0. tricampatus. Schaller (1953) 
r e p o r t s three periods of egg l a y i n g i n Orchesella v i l l o s a 
and South (1959) records two females of Entomobrya 
m u l t i f a s c i a t a laying a t o t a l of eleven batches. On the 
basis of Lindemann 1s (1950) work, Handschin (1953) r e p o r t s , 
i n t r a n s l a t i o n , as fo l l o w s : "The l i f e t i m e up t o the 
attainment of puberty takes i n the case of Orchesella up 
to f i v e months; f u l l growth i s a t t a i n e d between one and 
two months l a t e r and a f t e r t h i s the animals l i v e from 
f i v e t o s i x months u n t i l death. During the l a s t period 
of l i f e special processes occur; f o r one t h i n g new egg-
layings from time t o time f o l l o w on an average the f i f t h 
moult, and indeed from time t o time f o u r t o eig h t eggs 
may be l a i d , so tha t i n the whole of an i n d i v i d u a l ' s 
l i f e t i m e 60-80 eggs may be l a i d " . 

I t would appear then t h a t the egg batch size 
and estimates of the number of eggs i n the ovaries of a 
female at any given time would give an underestimate of 
the number of eggs produced i n the l i f e t i m e of an average 
female, since each appears t o l a y more than once. 
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Thus the data given i n Section I I may be regarded as 
minimum estimates of the f e c u n d i t y . 

I n two species, Hypogastrura d e n t i c u l a t a and 
Isotoma olivacea, data are a v a i l a b l e from i n s e c t s c o l l e c t e d 
from the f i e l d before laying began- Histograms showing 
the numbers of eggs produced over d i f f e r e n t periods of 
the l i f e of the insects i n c u l t u r e ( F i g . 7) demonstrate 
tha t i n H. den t i c u l a t a probably three periods of peak 
egg production occurred, and i n I . olivacea f o u r such 
probable periods were evident. Insects i n both c u l t u r e s 
were of maximum ( a d u l t ) s i z e , and most probably had not 
l a i d previous to being introduced t o the c u l t u r e s ; 
insects of the same species c o l l e c t e d from the same 
h a b i t a t on previous dates d i d not lay u n t i l about the 
same time. 

Handschin (1953) has recorded t h a t Orchesella 
lays eggs before reaching a maximum si z e , and B r i t t (1951) 
has made s i m i l a r observations i n H. armata* Milne (1961) 
records sexual m a t u r i t y as being reached i n the pen
u l t i m a t e i n s t a r s of Onychiurus f u r c i f e r , 0. l a t u s , 
0. procampatus and T. krausbaueri, but since the data 
provided f o r the i n s t a r groupings i s very meagre, and 
does not agree w i t h that presented here f o r the same 
species (see page 139) t h i s i n f o r m a t i o n i s regarded as 



F i g . 7 

Histograms showing the number of eggs l a i d i n 
cu l t u r e s by about 100 females of Hypogastrura d e n t i c u l a t a 
over a period of f i v e months and by about 50 females of 
Isotoma olivacea over a period of two and a h a l f months. 



Fig. 7 
Egg laying in culfures. 
Hypogasti^ura denticulate— eggs laid in 10 day periods. 
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u n r e l i a b l e . I n the present work i t has been shown t h a t 
Lepidocyrtus c f . c u r v i c o l l i s reaches m a t u r i t y before 
a t t a i n i n g maximum (a d u l t ) s i z e . F i f t h i n s t a r i n s e c t s , 
some eight weeks o l d , l a i d eggs which were morphologically 
i d e n t i c a l w i t h those l a i d by a d u l t s (maximum s i z e ) , and 
these eggs developed and hatched over an i d e n t i c a l p e r i o d . 
Table Ik shows the egg batch size of i n d i v i d u a l s not 
having a t t a i n e d maximum size compared w i t h t h a t of the 
a d u l t s , i n L. c f . c u r v i c o l l i s . 

Table Ik. Egg batch size a t d i f f e r e n t ages i n Lepidocyrtus 
c f . c u r v i c o l l i s i n c u l t u r e . 

Age & I n s t a r No. of No. of 
eggs batches 

8 weeks 57 10 
(5th i n s t a r ) 
12 weeks 71 5 
(8th i n s t a r ) 

A d u l t 218 6 

Mean no. Difference 
of eggs and S.E.cf 

per batch difference 

5-7 

lk.2 

36.3 

8.5 
+ 
3 ^ 

22.1 + 
873 

0.05 

0.05 

Q u a l i t a t i v e observations suggested t h a t eggs were 
produced by i n d i v i d u a l females d i r e c t l y a f t e r moulting i n 
both Dicyrtoma minuta and D. fusca. and i n order t o 
asc e r t a i n i f t h i s also occurred i n members of the 
Arthropleona, a species which c u l t u r e d e a s i l y and moulted 
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f r e q u e n t l y was sought; T u l l b e r g i a krausbaueri was 
found t o f i t these requirements. Cultures were set up 
i n ' p a i r s ' , newly hatched f i r s t i n s t a r s being used. 
These c u l t u r e s proved t o be much more successful than 
those of the other species recorded previously (page 9 9 ) , 
and data were obtained from twenty-three i n d i v i d u a l s . 
Table 15 shows i n which ins t a r the f i r s t eggs were 
produced, maximum size being reached i n i n s t a r 

Table 15« Egg production i n d i f f e r e n t i n s t a r s of 
Tu l l b e r g i a krausbaueri. 

I n s t a r 1 2 3 ^ 5 6 7 8 9 10 
No# laying 0 0 1 8 7 2 3 0 1 1 

f o r f i r s t time 

I t was found that once a female had begun t o l a y , i t l a i d 
d i r e c t l y a f t e r moulting at successive moults* Although 
several i n d i v i d u a l s r e f r a i n e d from l a y i n g a f t e r moulting 
on some occasions, i f l a y i n g was resumed t h i s always 
occurred d i r e c t l y a f t e r another moult. 

Table 16 shows the mean number of eggs produced 
during each i n s t a r by twenty three females. The 
maximum number of eggs i s l a i d i n I n s t a r 7 or 8, a f t e r 
which the number produced a t each moult decreases. Thus 
even a f t e r a t t a i n i n g maximum size i n I n s t a r k (see l a t e r , 
page W8) the number of eggs l a i d a t each moult increases 
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Table 16. Number of eggs produced i n each i n s t a r i n 
T. krausbaueri. 

No. of Mean no. Standard 
I n s t a r T o t a l eggs batches eggs/batch e r r o r of mean 

3 2 I 2.00 — 

k 2k 9 2.66 0,k 

5 61 16 3.81 o.k 

6 62 10 6.20 0.9 

7 86 12 7-16 0.9 
8 58 8 7.25 0.9 
9 61 9 6.78 1.1 

10 k7 7 6.71 1.3 
11 62 10 6.20 1.1 
12 56 9 6.22 1.0 

13 k5 8 5-63 0.7 
Ik 8 3 2-66N 0.7 
15 
16 

i o • 
Ik 

3 
3 

3-33 
k.66 

Aver- 1 * 5 

age 
3.55 0.9 

u n t i l the 7th or 8th i n s t a r . I t i s of i n t e r e s t t o 
compare these data f o r T u l l b e r g i a krausbaueri w i t h the 
average egg batch sizes a t d i f f e r e n t stages i n the 
cu l t u r e s shown i n F i g . 7. These data are given i n 
Table 17. 
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Table 17. V a r i a t i o n s i n egg batch size w i t h age i n 
H. d e n t i c u l a t a and I . olivacea. 

Mean number of eggs per batch 
and standard e r r o r 

es 
1st peak 2nd peak 3rd peak ^ t h peak 

Hypogastrura 
de n t i c u l a t a 

21.5 
+ 

32.0 
+ 

25.0 -
1.6 3.1 

Isotoma 
olivacea 

65-3 
+ 

1*1-9 
+ 

28.1 
+ 

Ik.7 
+ 

19.1 12.6 10.6 2.1 

I n both cases there i s a tendency f o r the egg batch sizes 
to be reduced i n older i n s e c t s , as has been shoxm i n 
T, krausbaueri (Table 16). 

i v ) The t o t a l number of eggs l a i d during l i f e . 
The data given i n Table 12 f o r average batch size 

are open t o c r i t i c i s m on the f o l l o w i n g l i n e s : i t cannot 
always be assumed that eggs i n one c l u s t e r are the 
produce of a si n g l e female; Davidson (1931*) has found 
c l u s t e r s of up t o kOQ eggs i n c u l t u r e s of Sminthurus 
v i r i d i s and B r i t t (1951) points out t h a t large c l u s t e r s 
of eggs i n c u l t u r e s of Hypogastrura armata are the 
produce of more than one female. This has also been 
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suggested by Paclt (1956). I n the present work c l u s t e r s 
of up t o 176 eggs have been found i n Isotoma o l i v a c e a , 
and up t o 160 i n Hyppgastrura d e n t i c u l a t a . On f o u r 
occasions i n t h i s l a s t species eggs i n which the chorion 
had s p l i t were allowed t o remain i n the c u l t u r e s , and 
newly l a i d eggs were subsequently found i n the same 
c l u s t e r ; t h i s supports the observations of the previous 
workers. This p o s s i b i l i t y of e r r o r was reduced by 
removing eggs from the c u l t u r e s d a i l y . Underestimation 
of the average batch size would be brought about by the 
lay i n g female being disturbed; i n the opin i o n of the 
present w r i t e r t h i s i s much the more common occurrence, 
and thus the f i g u r e s given i n Table 12 are probably a 
s l i g h t underestimate; t h a t they are not a gross over
estimate i s shown by comparison w i t h Table 13 > which 
gives an i n d i c a t i o n of the number of eggs t h a t an 
i n d i v i d u a l i s capable of lay i n g during a single period 
of o v i p o s i t i o n . 

An estimate of the number of eggs l a i d by a 
female during l i f e can be obtained by m u l t i p l y i n g the 
average batch size by the number of periods of l a y i n g . 
I t i s thought t h a t such a f i g u r e gives an i n d i c a t i o n of 
the minimum number of eggs t h a t an i n d i v i d u a l female i s 
capable of lay i n g during l i f e , and Table 18 summarises 
t h i s information. 
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The fec u n d i t y of females i n the f i e l d i s d i f f i c u l t 
to estimate. Factors such as the incidence of f e r t i l 
i s a t i o n , m o r t a l i t y and the temperature of the environment 
(which a f f e c t s the number of moults and thus the number 
of egg-laying periods) would have to be taken i n t o 
consideration i n the estimation of an average number of 
eggs per female during l i f e . The temperature (8°C) a t 
which most of the cul t u r e s were maintained l i e s j u s t below 
the mean temperatures experienced by l a y i n g females a t 
Moor House i n spring, and j u s t above the mean temperature 
to which autumn layers are subject (see F i g . 2 ) . The 
data presented here f o r 8°C. can probably be regarded as 
a minimum estimate under the f i e l d c o nditions p r e v a i l i n g 
at Moor House. The species maintained a t 15°C had the 
metabolism increased by a f a c t o r of 2.8 over those at 8°C; 
tha t i s t o say that whereas the i n d i v i d u a l s of Hypogastruia 
d e n t i c u l a t a had a period of 8.1 - O.̂ f days between moults 
at 15°C t h i s was increased t o 22.6 ± 2.5 days a t 8°C. 
(see pageWS). Thus w h i l s t members of the Genus 
Onychiurus could be expected to moult a t l e a s t twice 
during the period i n which eggs are l a i d a t Moor House 
(May to October), thus probably producing two egg batches, 
T u l l b e r g i a krausbaueri would not moult on t e n occasions 
as i n d i c a t e d i n Table 19 during t h i s p e r iod. Probably 
only i n t h i s l a s t species, which would moult about s i x 
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times, laying a mean of about 33 eggs during the perio d 
of egg l a y i n g , are the data given i n Table 18 an over
estimate f o r the s i t u a t i o n i n the f i e l d a t Moor House. 

d) Laying i n the f i e l d . 
I n an attempt to determine at what time of the 

year Collembola l a i d under f i e l d c onditions a t Moor House, 
two separate c u l t u r e s f o r each of sixteen species, were 
set up at monthly i n t e r v a l s over a period of one year 
(January t o December 1 9 6 0 ) . Twenty i n d i v i d u a l s c o l l e c t e d 
i n the f i e l d were placed i n each c u l t u r e . The c u l t u r e s 

o 
were maintained at a constant temperature of 8 C. Egg 
lay i n g i n the c u l t u r e s , w i t h i n fourteen days of s e t t i n g 
up, i s in d i c a t e d i n Table 19 by a cross (X) f o r each 
c u l t u r e , under the month i n which the Collembola were 
c o l l e c t e d . From t h i s data, i t i s clear t h a t most species 
lay i n l a t e spring and ea r l y summer, and t h a t eggs are 
not l a i d during the winter. Cultures of species t h a t 
were c o l l e c t e d during the f i r s t f our months of the year, 
and d i d not produce eggs w i t h i n fourteen days of 
c o l l e c t i o n , l a i d at a l a t e r date, suggesting t h a t o v i -
p o s i t i o n i s i n h i b i t e d during the winter months, a t Moor 
House. I t was subsequently found t h a t by r a i s i n g the 
temperature at which the c u l t u r e s c o l l e c t e d i n mid
winter were kept, o v i p o s i t i o n could be brought about a t 
an e a r l i e r date than i n those maintained a t 8°C. I t 
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Table 19 . Estimated dates of lay i n g i n the f i e l d a t 
Moor House, 1960 . 

Month 
Species J F M A M J J A S O N D 

Hyppgastrura - - - - X XX X - - - -
denti c u l a t a 

Neanura - - - - - XX X - - - - -
rnuscoruin 

Onychiurus 
procampatus - - XX XX XX X - X -

Onychiurus _ _ - - X X X X X X 2 X X X X X X -
tricampatus 

Onychiurus - X X X X - - - - - -
l a t u s 

T u l l b e r g i a - - - - X X X X X X X X X X X 
krausbaueri 

Isotoma - - X X X X X - - - - - -
s e n s i f i i l i s 

Isotoma X X X X - - - - - -
v i r i d i ' s 

Isotoma - X X X X X - - - - - -
olivacea 

Isotoma - - - X XX 
infuscata 

Isotomurus - - XX XX X - - - - - -
p a l u s t r i s 

Lepidocyrtus X - - X XX XX -
cf* curvicollis 
Lepidocyrtus - - - - X - - - - X X X -
lanuginosus 

Tomocerus - - - X X X X - - - - - -
minor 

Dicyrtoma X - - XX XX -
minuta 

Dicyrtoma - - - - - - X - - X X X X -
fusca 

NOTE: - ind i c a t e s no eggs l a i d . 
With the milder spring i n 1961 (Fig. 2 ) l a y i n g 
•was e a r l i e r . 
X = Laying i n one c u l t u r e . 
XX = Laying i n both c u l t u r e s . 
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would thus appear t h a t low temperatures i n h i b i t o v i -
p o s i t i o n i n the f i e l d . 

I n the two species of Dicyrtoma two egg-laying 
periods occur, i n summer and autumn. These two periods 
coincide w i t h two separate generations. Other species 
i n Table 19 probably had only one generation i n the year. 
I n L. lanuginosus the m a j o r i t y of eggs i s l a i d i n autumn, 
but a few i n d i v i d u a l s survive the winter and l a y i n the 
f o l l o w i n g spring. I n L, c f . c u r v i c o l l i s o v i p o s i t i o n took 
place i n sub-adults (Table 1*+) i n June, but the m a j o r i t y 
of eggs were l a i d i n autumn. 

Plate 10 shows the eggs of N. muscorum l a i d i n 
the f i e l d . 

e) Development. 
i ) Morphological changes. 
D i r e c t l y the egg i s l a i d , i t begins t o enlarge due 

to the uptake of water from the environment. I n an 
atmosphere of 100$ R.H- the eggs reach t h e i r maximum size 
i n a few hours; f u r t h e r enlargement does not take place 
u h t i l the growth of the embryo begins a f t e r about 20% of 
the developmental period. I n f e r t i l e eggs the f i r s t s i g n 
of development of the embryo i s seen i n the s p l i t t i n g of 
the chorion. That i t i s the growth of the embryo t h a t 



Plate 10 

Eggs of Neanura muscorum l a i d i n the f i e l d 
on a root of Calluna v u l g a r i s * The high humidity 
of the s i t u a t i o n i n which they were l a i d i s i n d i c a t e d 
by the presence of l e a f y l i v e r w o r t s on the r o o t . x25« 
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causes the chorion t o s p l i t i s demonstrated by the f a c t 
t h a t i n i n f e r t i l e eggs no s p l i t occurs, although i n i t i a l 
enlargement by water uptake takes place. I n most genera 
the chorion remains attached as two cap-shaped s t r u c t u r e s 
at opposite poles of the egg, but i n members of the Genus 
Onychiurus which were c u l t u r e d , the chorion remained 
c l o s e l y attached t o the next membrane ( F i g . 8 ) . 

On the s p l i t t i n g of the chorion, the egg loses i t s 
spherical shape, and takes the form of a f l a t t e n e d spheroid 
except i n the Entomobryidae and the two members of the 
Genus Dicyrtoma which were c u l t u r e d . The two halves of 
the chorion remain attached t o the lower membrane (serosal 
c u t i c l e ) throughout the course of the development o f the 
egg. I n a l l the species concerned i n t h i s study the 
chorion was found t o be unpigmented, transparent and 
without any p a t t e r n or appended s t r u c t u r e s . South ( 1 9 5 9 ) , 

however, has found a sp e c i e s - c h a r a c t e r i s t i c p a t t e r n i n 
the chorion caps of members of the Genus Entomobrya. The 
second membrane, which w i l l be r e f e r r e d t o as the serosal 
c u t i c l e , was found i n those cases examined t o be patterned, 
and i n some cases i t bore appendages. I n the case of the 
Isotomidae, the p a t t e r n was made up of small protruberances 
but no constant differences between species could be found. 
Eggs from the same egg batch tended t o have a p a t t e r n of 
s i m i l a r sized protruberances, but there was no consistancy 
between the eggs of d i f f e r e n t i n d i v i d u a l s of the same species. 



F i g . 8 . 

Developing eggs of several species of Collembola. 
I n the two species of Onychiurus i t can be seen t h a t the 
chorion adheres c l o s e l y t o the serosal c u t i c l e a f t e r 
s p l i t t i n g , whereas i n the eggs of the other species 
f i g u r e d , the chorion, a f t e r s p l i t t i n g , forms two caps 
at opposite poles of the eggs. 

I n the two species of Oqychiurus the serosal c u t i c l e 
i s sculptured whereas i n Hypogastrura d e n t i c u l a t a and 
Isotoma s e n s i b i l i s i t i s smooth; i n Lepidocyrtus 
lanuginosus and Tomocerus minor the processes which grow 
out from the serosal c u t i c l e , a f t e r the s p l i t t i n g of the 
chorion, are shown. 



Developing eggs. 
s 

c = chorion H. denhculcrta Q. tricampatus 
s«serosa 

I. sensibilis O. procamparus 

/ / 

L. lanuginosus 

0.2mm T. minor 
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A l l three members of the Entomobryidae c u l t u r e d 
had numerous long h a i r - l i k e appendages a r i s i n g from the 
serosal c u t i c l e . Nicolet ( i n Lubbock 1873) comments 
on these processes, which Handschin ( 1926 ) considers may 
serve as an anchorage underground. When the chorion 
f i r s t s p l i t s , the serosal c u t i c l e can be seen t o be 
p e r f e c t l y smooth i n a l l three species c u l t u r e d . The 
h a i r s grow out from the serosal c u t i c l e over a period of 
s i x days at 8 ° C , but no growth was observed beneath the 
chorion caps; only where the serosal c u t i c l e was exposed 
to the a i r d i d h a i r s develop. I n Tomocerus minor, f o u r 
large spines grow out from the base of the egg i n a d d i t i o n 
t o the h a i r s . Uchida and Abukawa ( 1 9 5 6 ) , r e f e r r i n g t o 
Tomocerus minutus, record t h a t "The chorion forms 
a p a i r of l a t e r a l chambers each of which i s soon provided 
w i t h two curved spines 1 1. I n f a c t there i s no connection 
between the spines of the serosal c u t i c l e and the chorion, 
as can be seen i n F i g . 8 . Each spine i t s e l f bears 
processes, and a p i c a l l y there i s a long, c l a w - l i k e r e g i o n 
which curves under the egg; the length of each of the 
spines i s approximately equivalent t o the diameter of the 
egg. The f a c t t h a t the processes are not produced by the 
egg u n t i l some days a f t e r i t i s l a i d may be c o r r e l a t e d 
w i t h a d i s p e r s a l phase; Collembola l a y i n g t h i s type of 
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egg are surface and vegetation dwellers (members of G i s i n 1 s 
(19V3) 'atmobios 1), and the eggs w i l l probably be more 
subject t o d i s p e r s a l from the p o s i t i o n of l a y i n g than 
/eggs o f , say, cavernicolous forms. The processes of the 
serosal c u t i c l e , on t h e i r growing, could then act as 
anchors a f t e r d i s p e r s a l of the eggs. 

During f u r t h e r development, the eggs of the 
Isotomidae and Entomobryidae become coloured, a f t e r about 
75% of the period of development has elapsed, apparently 
due t o the formation of a pigment i n the body f l u i d of 
the embryo. However, eye spots appear before the body 
co l o u r a t i o n . The eggs of Hypogastrura d e n t i c u l a t a remain 
colourless i f kept i n the dark, except f o r the eye spots 
which develop a dark pigment. I f exposed to the l i g h t 
a l l species which are pigmented i n the a d u l t stage tend t o 
develop surface pigmentation, and i t was found t h a t 
d i f f e r e n t coloured eggs could be produced dependent upon 
the time the eggs were exposed t o l i g h t . 

Table 20 gives a summary of the morphology o f the 
eggs of the species c u l t u r e d during the present work. 
Measurements are from twenty or more eggs from a t l e a s t 
two females i n a l l cases. 
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i l ) The hatching period. 
1) I n t r o d u c t i o n . 
Davidson (193*+) has shorn that the d u r a t i o n of 

development of Collembola w i t h i n the egg i s dependent on 
both temperature and humidity. The present work i s 
concerned w i t h those Collembola l i v i n g i n the l i t t e r 
and s o i l l a y e r s , where according t o Thamdrup ( 1 9 3 9 ) the 
r e l a t i v e humidity i s greater than 90% even during dry 
periods. No account has been taken of v a r i a t i o n s i n 
humidity, except to maintain 100% R.H. i n c u l t u r e j a r s 
containing eggs, i n the experiments i n v o l v i n g d i f f e r e n t 
temperature conditions. 

2) Egg development at constant temperature. 
Eggs l a i d i n c u l t u r e s were t r a n s f e r r e d on the 

day of laying t o small c u l t u r e tubes of the type 
described on page These were then placed i n 
constant temperature conditions and a range from 2°C. t o 
2 3°C was u t i l i s e d . 2°C, k°C, 7°C, 12°C, 1 6 ° and 23°C. 
were the temperatures most used, but others o c c a s i o n a l l y 
became a v a i l a b l e and were used when the o p p o r t u n i t y 
arose. The f o l l o w i n g f i f t e e n species were involved i n 
the series of experiments: 

H. d e n t i c u l a t a , 0 . f u r c i f e r , 0 . procampatus. 0 . l a t u s . 
0 . tricampatus, T« krausbaueri, I . v i r i d i s . I . o l i v a c e a . 

I . i n f u s c a t a , I , p a l u s t r i s , L. c f . c u r v i c o l l i s , 
L. lanuginosus, T« minor. D. fusca and D. minuta. 
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Figs. 9 t o 12 show the r e l a t i o n s h i p between temperature 
and development time i n these species. 

The development time was measured from the day 
of laying t o the day on which $0% of the eggs i n a given 
batch had hatched. Usually about 20 eggs were placed 
i n a c u l t u r e tube, but t h i s was not always possible; 
occasionally where eggs were abundant i n the c u l t u r e s 
up to 50 were used i n each tube, as was the case i n 
H« d e n t i c u l a t a . 

Table 21 shows the product of the egg development 
time i n days and the temperature i n degrees centigrade, 
f o r d i f f e r e n t temperatures. For each species t h i s 
f i g u r e approximates to a constant, and average f i g u r e s 
(K) have been calculated f o r each species. 

I t was not considered v a l i d t o a t t r i b u t e 
d i f f e r e n t values of a constant (K) t o d i f f e r e n t species, 
i f eggs placed i n a given temperature, at the same time, 
took the same time to develop. Thus the same constant 
(K) has been used i n species where the average constant 
(K) d i f f e r s ; minor differences i n the constant temp
eratures over a period of time are thus allowed f o r ; eg. 
0. f u r c i f e r , 0. procampatus and 0. tricampatus placed a t 
l 5 ° C on the same date a l l had a 50$ hatch a f t e r 2k days, 



120 

and thus a constant (K) of 380 (the mean of K f o r a l l 
three species), i s applied t o a l l three species. A 
s i m i l a r procedure was also c a r r i e d out f o r I * olivacea 
and I . i n fuscata and the two species of Lepidocyrtus*. f o r 
the same reasons. Figures of K are given t o the nearest 
10 below 1 0 0 0 , and the nearest 100 above 1000 as i t i s 
considered t h a t minor temperature f l u c t u a t i o n s preclude 
a greater accuracy. 

I n the graphs (Figs. 9 - 1 2 ) the recorded develop
ment times are shown i n r e l a t i o n t o the constant K. I n 
a l l cases the form of the graph i s that of an hyperbola, 
and i s i n agreement w i t h those f i g u r e d by Davidson ( 1 9 3 ^ ) 

and Choudhuri ( 1 9 5 8 ) . The data suggest t h a t development 
ceases between 0°C. and 2 ° C , i n the species concerned i n 
t h i s work. Choudhuri ( 1958 ) and South ( 1 9 5 9 ) give h°C. 
as the minimum developmental temperature i n Onychiurus 
spp. and Entomobrya spp. r e s p e c t i v e l y . Davis and H a r r i s 
( 1936 ) provide & graph of the development time of 
Pseudosinella v i o l e n t a which i s the m i r r o r image of the 
t y p i c a l graph i l l u s t r a t e d here; the data are only f o r 
temperatures above 2 5 ° C , at which temperatures the eggs 
of the species concerned i n t h i s work f a i l t o develop. 
Choudhuri ( 1958 ) has shown t h a t i n Onychiurus spp. 
development time begins to increase above 2 5 ° C , and 
apparently the data of Davis and H a r r i s ( 1 9 3 6 ) concern 
only t h i s a t y p i c a l part of the graph. 
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F i g . 9-

The r e l a t i o n s h i p between the developmental period 
i n days and the temperature i n degrees centigrade i n 
eggs of Hypogastrura d e n t i c u l a t a * 



Fig.9 
Egg developmenf a\ constat 
temp.—Hypogasfrura denNculafci. 
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F i g . 10. 

The r e l a t i o n s h i p between the developmental period 
i n days and the temperature i n degrees centigrade i n the 
eggs of four species of the Genus Onychiurus* 



Fig.10. 
Egg development a\ constant temperature. 
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F i g . 11 

The r e l a t i o n s h i p between the developmental period 
i n days and the temperature i n degrees centigrade i n the 
eggs of three species of the Genus Isotoma and the closely 
r e l a t e d species Isotomurus palustris» 



Fig.11 

Egg development at constant temperature. 
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F i g . 12 

The r e l a t i o n s h i p between the developmental period 
i n days and the temperature i n degrees centigrade i n 
the eggs of Lepidocyrtus lanuginosus* Tomocerus minor< 
Dicyrtoma fusca and T u l l b e r g l a krausbaueri• 



Egg development at constant temperature. 
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The egg developmental period appears t o be 
unrelated t o the food content (s i z e ) of the egg (compare 
Tables 2 0 and 2 1 ) or to any other obvious f a c t o r , such as 
a v a i l a b i l i t y to predators. 

3 ) Egg development at f l u c t u a t i n g temperatures. 
Eggs of seven species of Collembola (Table 2 2 ) were 

placed i n c u l t u r e tubes at the height of a Stevenson's 
screen, and subjected to the f l u c t u a t i n g outside a i r 
temperatures i n Durham; The development times were 
observed as i n the l a s t section. Maximum and minimum 
d a i l y temperatures were a v a i l a b l e at the screen, 
•̂ •(max. + min.) temperatures were recorded d a i l y over the 
development periods of a l l species. Table 2 2 shows the 
constants (K) calculated f o r both constant temperatures 
i n the laboratory, and f l u c t u a t i n g temperatures i n the 
f i e l d . 

Table 2 2 . Egg development constants f o r constant and 
f l u c t u a t i n g temperatures. 

K at K a t 
Species constant temp. f l u c t u a t i n g temp. 

H. d e n t i c u l a t a ^00 3 7 0 
0. l a t u s kkO klO 
I . v i r i d i s 2^0 2**0 
1. olivacea 180 180 
I . p a l u s t r i s 200 180 
L. c f . c u r v i c o l l i s 

aj a t Durham 3k0 3 0 0 

b) at Moor House 3^0 31+0 

T. minor 36O 290 
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The constants f o r f l u c t u a t i n g temperatures are the 
products of the development time i n days and £(max. + min.) 
temperature i n degrees centigrade. The agreement between 
the constants derived from the two d i f f e r e n t sources i s 
such that p r e d i c t i o n concerning hatching times i n the 
f i e l d may be made, knowing the time of l a y i n g and the 
expected temperatures. 

k) Egg development i n the f i e l d . 
I n Table 1 9 i t has been shown t h a t the m a j o r i t y 

of species lay eggs i n May and June, at Moor House; 
F i g . 2 shows the 1 9 6 0 and 1 9 6 1 temperatures during t h a t 
period. From these data and the calculated constants, 
estimates f o r times of egg development i n the f i e l d , 
a t Moor House, have been ca l c u l a t e d ; these estimates 
are shown i n Table 2 3 * I n order t o t e s t the accuracy 
of these estimates two batches of eggs of H. d e n t i c u l a t a 
and two batches of 0 . l a t u s were put out i n the f i e l d a t 
Moor House on 2 9 May, 1 9 6 1 - On k J u l y , 1 9 6 1 , ( a f t e r 
3 6 days) 2 of 50 eggs of H. d e n t i c u l a t a had hatched; 
none of the 0 . l a t u s eggs had hatched. On 1 1 J u l y , 
1 9 6 1 , ( a f t e r *+3 days) a l l the H. d e n t i c u l a t a had hatched, 
and 50% ( 2 3 ) of the 0 . l a t u s eggs had hatched. A l l 
eggs had hatched by 1 7 J u l y , 1 9 6 1 . These data give a 
period of about ^ 0 days f o r the hatching of H. denticulata 
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i n the f i e l d ( c a l c u l a t e d estimate over t h i s period hi 
days), and **3 days f o r 0* l a t u s ( c a l c u l a t e d estimate 
46 days). I t may be concluded t h a t the estimates given 
i n Table 23 f o r development times i n the f i e l d are a 
s l i g h t overestimate. 

I n Table 19 i t was sho\m tha t L. lanuginosus and 
the two species of Dicyrtoma l a i d the m a j o r i t y of t h e i r 
eggs i n l a t e autumn (October and November). The 
temperatures at Moor House at t h i s time ( F i g , 2) are so 
low that development would appear t o be impossible u n t i l 
the f o l l o w i n g spring, and thus the eggs must survive the 
Moor House win t e r . I n order t o t e s t t h i s hypothesis, 
twenty tubes, each containing a single egg, of each of 
the three species, were set i n the ground at Moor House, 
on a s i t e s i m i l a r t o the Calluna sampling s i t e (page i l ) , 
on 23 November, 1959« The eggs were l a i d i n c u l t u r e on 
8 November, 1959, and kept at 2°C. u n t i l placing i n the 
f i e l d a t Moor House. The tubes were examined r e g u l a r l y 
throughout the w i n t e r , but i t was not u n t i l 2 May, 1960 

(175 days a f t e r laying) t h a t any hatched. A l l the eggs 
of L. lanuginosus hatched by 9 May, 1960 (182 days a f t e r 
l a y i n g ) . The two species of Dicyrtoma hatched between 
23 May, 1960 and 6 June, 1960. F i r s t i n s t a r s were 
c o l l e c t e d from the f i e l d populations f o r the f i r s t time 
i n t h a t year on the same dates as hatching was discovered 
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i n the c u l t u r e s . This c l e a r l y shows th a t the eggs of 
these three species survive the win t e r at Moor House, and 
the f a c t that most of the eggs are l a i d i n autumn i n d i c a t e s 
t h a t these species overwinter as eggs. 

Overwintering eggs are at times subject t o temper
atures w e l l belox* freezing p o i n t , but t h i s seems t o have 
no e f f e c t on them other than to h a l t development- I n 
Table 2h the r e s u l t s of f r e e z i n g batches of eggs of 
H. den t i c u l a t a are shown; seven batches of eggs, about 
t h i r t y each, were divided i n t o two, one part being main
tained at 1*.§°C. and the other was frozen f o r 10 days a t 
-7°C. before being placed at the same temperature. 

Table 2H- The e f f e c t of fre e z i n g on the eggs of 
H. d e n t i c u l a t a . 

Time i n days f o r Time i n days f o r 
,c-. ^ 50£. of eggs 

maintained at 
*+.5°C. t o hatch 

$0% of eggs 
Culture frozen at - 7 0. 

f o r 10 days and 
then at ^.5°C. 

to hatch 

1 10k 93 

2 101+ 93 

3 106 92 
h 108 92 
5 100 89 

6 107 90 

7 107 92 

Average 105-1 91.6 

Increase 
due t o 

f r e e z i n g 

+11 

+11 

+ 11+ 
+16 
+11 

+17 

+15 

+13-5 
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The development time was increased by an average 
of 13.5 days i n the frozen eggs. Eggs frozen f o r a 
longer period at -7°C. were subject to h i g h m o r t a l i t y . 
Occasionally some i n d i v i d u a l eggs seem less a f f e c t e d by 
low temperatures than others, and there i s one record of 
a single egg i n a batch hatching i n 30 days at 15°C. 
(10 of which days were spent at -7°C.) w h i l s t the re s t 
of the eggs i n the batch hatched at k2 days. 

f ) The process of hatching. 
I n those species of Collembola possessing pigmented 

eye spots, the onset of hatching can be f o r c a s t from the 
depth of the pigmentation. The embryo l i e s around the 
large s t circumference of the egg, which at t h i s time has 
the form of a f l a t t e n e d spheroid i n a l l species except 
members of the Entomobryidae and the two species of 
Dicyrtoma. The caps of the s p l i t chorion also l i e on 
the largest circumference, opposite the head and the t i p 
of the abdomen of the embryo. 

Maclagen (1932) points out the lack of hatching 
spines, or any s i m i l a r s t r u c t u r e s i n Collembola, and 
indic a t e s t h a t eclosion i s brought about by the movement 
of the embryo w i t h i n the serosal c u t i c l e . I n the f o u r 
species of Onychiurus c u l t u r e d the serosal c u t i c l e was 
observed t o be sculptured ( F i g . 8 ) , and the s p l i t t i n g o f 
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the serosal c u t i c l e on eclosion occurs along the l i n e of 
the s c u l p t u r i n g . I n a l l cases except the two species of 
Dicyrtoma* the s p l i t occurs across the smallest dianBter 
of the egg, i n a plane at r i g h t angles t o a l i n e j o i n i n g 
the two chorion caps; thus the s p l i t t i n g of the serosal 
c u t i c l e on eclosion i s i n the same plane as the e a r l i e r 
s p l i t t i n g of the chorion. I n the two species of Dicyrtoma 
the eggs were normally covered by faec a l m a t e r i a l , and 
eclosion occurred by the i n d i v i d u a l s eating t h e i r way out 
of the top of the egg; no s p l i t t i n g of the c u t i c l e was 
observed. 

I n the species normally hatching by s p l i t t i n g , the 
serosal c u t i c l e f i r s t s p l i t s opposite the gap between the 
embryonal head and the t i p of the abdomen. The head and 
the antennae are forced through the transverse s l i t and 
the legs are braced against the i n s i d e of the serosal 
c u t i c l e ; i n t h i s way the s p l i t i s extended and the gap 
widened. Eclosion i s of t e n aided by the egg being anchored 
i n some way t o the substrate. I n many cases t h i s occurs 
by means of the pr o j e c t i o n s of the serosal c u t i c l e or by 
fungal hyphae which grow over the eggs. The s t i c k i n g 
together of eggs i n batches also aids e c l o s i o n , as the 
embryo i s able t o gain a purchase w i t h i t s claws and drag 
the abdomen out of the serosal c u t i c l e which remains 
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attached to the r e s t of the egg batch. The f u r c u l a 
i s f r e q u e n t l y used i n f r e e i n g the abdomen, e s p e c i a l l y where 
the egg has not become attached. 

On f r e e i n g i t s e l f from the serosal c u t i c l e the 
hatched i n d i v i d u a l r e t r a c t s the f u r c u l a i f i t has been 
used i n the process of hatching, and i t i s immediately able 
to use i t f o r jumping. Normally i n d i v i d u a l s take i n t o 
t h e i r gut fungal mycelia and p a r t i c l e s of the substrate 
w i t h i n minutes of hatching. 



I I I . THE K&TCHED ANIM&.L. 
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I I I . THE HATCHED ANIMAL. 

1) Postembryonic development, 
a) I n t r o d u c t i o n . 
A g r e l l (19^8) has provided info r m a t i o n from f i e l d 

data on the number of ecdyses occurring before the a t t a i n 
ment of the maximum size, i n three species of Collembola, 
and has stressed the importance of f o l l o w i n g the growth i n 
laboratory c u l t u r e s , as a check on the i n f o r m a t i o n obtained 
from the f i e l d . Several other workers have studied the 
postembryonic development, and the a v a i l a b l e i n f o r m a t i o n 
on the numbers of pre-adult i n s t a r s i s summarised i n 
Table 2?. 

L i t t l e information on the number of i n s t a r s i n 
d i f f e r e n t species of Collembola has been obtained by 
previous workers from measurement of i n d i v i d u a l s c o l l e c t e d 
from the f i e l d . I n t h i s work a c o r r e l a t i o n i s attempted 
between measurements of a f i e l d population, and measure
ments made upon c u l t u r e d i n d i v i d u a l s which have moulted 
on an observed number of occasions. Samples were taken 
monthly over a period of two years, and three species of 
the Genus Onychiurus were selected f o r d e t a i l e d study, 
namely 0. l a t u s , 0. procampatus and 0. tricampatus. At 
the same time c u l t u r e s were maintained i n the l a b o r a t o r y . 
Several other species were c u l t u r e d and some data was 
obtained on various aspects of t h e i r l i f e h i s t o r i e s . 
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b) Determination of the number of i n s t a r s by c u l t u r i n g . 

i ) Methods. 
Newly hatched f i r s t i n s t a r s were placed i n 

i n d i v i d u a l containers of the type described (see page &8). 
The Collembola were fed w i t h yeast which was replenished 
as required. The cultures were examined d a i l y , and unless 
otherwise stated, were maintained at a constant temperature 
of 15°C. 

I t was found to be impossible t o measure acc u r a t e l y 
the head length of l i v e i n d i v i d u a l s , as was done by 
Choudhuri (1958) and Milne (1960). I t was thus decided 
to rear larger numbers of i n d i v i d u a l s than d i d these 
workers, and to k i l l and mount a given number for precise 
measurement a f t e r each moult. W h i l s t t h i s was time 
consuming due to the numbers involved, the data are 
regarded as more r e l i a b l e than could have been obtained 
from measurements of l i v e i n d i v i d u a l s . Only i n the case 
of Hypogastrura d e n t i c u l a t a , where si n g l e c u l t u r e s proved 
unsuccessful, was any other method u t i l i s e d . I n t h i s 
case, the ea r l y i n s t a r s repeatedly died. I t was thus 
decided to form a si n g l e mass c u l t u r e of f i r s t i n s t a r s 
hatched on the same day, and remove a small number of 
i n d i v i d u a l s a f t e r a set period of time, f o l l o w i n g the 
method of Davis and Har r i s (1936) and Uchida and Chiba (19581. 
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I t was hoped th a t a l l i n d i v i d u a l s would moult s i m u l t 
aneously, as i n the moulting colonies of Ripper (1930) 

and Strebel (1932), and t h i s occurred (see page 1 ° ) . 

A l l measurements were made using a micrometer 
eyepiece which when using the 1/32" o b j e c t i v e , gave 265 

d i v i s i o n s t o 1 mm.; a l l measurements were made t o the 
nearest d i v i s i o n of the scale, and l a t e r transformed t o 
microns, i n which form the measurements appear i n the 
ta b l e s . Head length was chosen f o r measurement r a t h e r 
than the more usual head wi d t h , as measurements could then 
be made on i n d i v i d u a l s mounted f o r l a t e r a l viewing. 

i i ) Measurements of various species. 
A. Hypogastrura d e n t i c u l a t a . 
F i f t y newly hatched i n d i v i d u a l s were placed i n a 

standard c u l t u r e j a r (see page £>7), and f i v e f i r s t i n s t a r s 
were mounted f o r examination- A f t e r some days, 50 

c u t i c l e s were cast w i t h i n a period of ̂ 8 hours, and these 
were removed together w i t h f i v e i n d i v i d u a l s which were 
mounted and measured; the same procedure was c a r r i e d out 
at each moult. Table 26 summarises the data obtained i n 
t h i s way. A f t e r the f i f t h moult no f u r t h e r increase i n 
size occurred. 

I n Tables 26-35 a mean increment f a c t o r i s 
cal c u l a t e d , and on the basis of the head capsule l e n g t h of 
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the f i r s t i n s t a r s , the expected head lengths i n subsequent 
i n s t a r s are ca l c u l a t e d . There i s close agreement between 
the calculated lengths and the a c t u a l lengths and thus 
agreement w i t h Dyar Ts Rule. That Collembola grow i n size 
according t o Dyar 1 s Rule has been previously shown by 
A g r e l l (19^8) and Choudhuri (1958). 

Some eggs were l a i d i n the f i f t h i n s t a r , but the 
m a j o r i t y was not l a i d u n t i l the attainment of maximum size 
i n the 6th i n s t a r . 

Table 26. Head capsule length i n Hypogastrura d e n t i c u l a t a 

I n s t a r 
Observed 
head length 
¥ 

Rate of 
increase 

T h e o r e t i c a l 
head length 
U.) from 
Dyar 1s Rule 

Mean increment f a c t o r from Dyar 1 s Rule = 1.19-

1 2 3 1+ 5 6 
128 151 183 222 266 30k 
+ + + + + + 
0~37 2T68 6~35 3*87 7.11 

- 1.18 1 .21 1 .21 1.20 1.15 

128 152 181 215 256 305 

These data agree w e l l w i t h those of previous 
workers on the members of t h i s genus (Table 25). H. armata 
l a i d during an e a r l i e r i n s t a r than H. d e n t i c u l a t a 
( B r i t t 1951), but H. purpurascens (Strebel 1932) and 
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Ho manubrialis (Ripper 1930) l a i d during the 5th and 6th 
i n s t a r s r e s p e c t i v e l y , as occurred i n H« d e n t i c u l a t a . 
A g r e l l (19^8) records H. sahlbergi reaching i t s maximum 
size i n the 8th i n s t a r , two i n s t a r s a f t e r H. d e n t i c u l a t a ; 
the same author 1s estimate of the progression f a c t o r f o r the 
growth of the head (1.13) i n H. sahl b e r g i , f a l l s below t h a t 
c a l c u l a t e d f o r H. d e n t i c u l a t a (1-19) i n the present work. 

B. T u l l b e r g i a krausbaueri. 
Ten i n d i v i d u a l s were k i l l e d and mounted a f t e r each 

moult, and i t was found t h a t no f u r t h e r growth took place 
a f t e r the t h i r d moult, i . e . the maximum size of the head 
capsule was reached i n the f o u r t h i n s t a r . I t has been 
previously recorded (Table 15)j t h a t sexual m a t u r i t y can 
be a t t a i n e d i n the t h i r d i n s t a r , but more f r e q u e n t l y 
m a t u r i t y i s reached i n the *+th or 5th- Table 27 gives 
the r e s u l t s of measurements on the head capsule sizes of 
the f o u r i n s t a r s of T u l l b e r g i a krausbaueri* 

Table 27. Head capsule length i n T u l l b e r g i a krausbaueri-

I n s t a r 1 2 3 k 

Observed head length 6k 
+ 

76 
+ 

0.~2k 

88 
+ 

0.21 

106 
+ 
1-35 

No. of i n d i v i d u a l s 
measured 10 Ik 13 13 

Rate of increase - 1.180 1.165 1.198 
T h e o r e t i c a l head length 

from Dyar's Rule 0*) 6k 76 89 106 
Mean increment f a c t o r from Dyar 1s Rule = 1 .18. 
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Milne (1960) has provided data on the body l e n g t h , 
showing that T. krausbaueri reaches i t s maximum size i n the 
*rth i n s t a r but no increment f a c t o r i s given; t h i s agrees 
w i t h the data presented here f o r the length of the head 
capsule. 

C. to F. Onychiurus spp.. 
F i r s t i n s t a r i n d i v i d u a l s were i s o l a t e d s i n g l y on 

hatching. I n a l l f o u r species l a r g e r numbers of some 
i n s t a r s were obtained than of others, due t o m o r t a l i t y . 

Milne (1960) found only f o u r pre-adult i n s t a r s i n 
0. procampatus, 0. l a t u s and 0. f u r c i f e r . I n the f i r s t 
two species, data obtained i n an e a r l y stage during the 
present work showed a greater number of i n s t a r s before 
maximum size was reached. I t was thus decided t o c u l t u r e 
the t h i r d species, 0. f u r c i f e r , and determine the number 
of i n s t a r s . Whilst the species i s not s t r i c t l y a moor
land form, i t does occur on upland areas, eg. near 
Melmerby, Cumberland, but was unrecorded from the Moor 
House Reserve. M a t e r i a l was c o l l e c t e d from Melmerby and 
from Hamsterley, Co. Durham. 

Tables 28 t o 35 give a summary of the data 
concerning the number of i n s t a r s passed through i n order t o 
a t t a i n maximum size i n 0. f u r c i f e r , 0. procampatus, 0 . l a t u s 
and 0. tricampatus. 
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C. Onvchlurus f u r c l f e r . 

1 2 3 4 5 6 7 

149 
+ 

172 
+ 

199 
+ 

232 
+ 

264 
+ 

307 
+ 

354 
+ 

0.71 0.92 2.26 1.89 2.67 OC 

26 18 7 h 5 3 1 

- 1.154 1.153 1.166 1.138 1.161 1.151 

149 172 199 230 265 305 352 

Table 28. Head capsule length i n Qi f u r c i f e r , from 
c u l t u r e s . 

I n s t a r 

Observed mean 
head lengthOx) 
and S.E. of 

mean 

No. of 
i n d i v i d u a l s 
measured 
Rate of 
increase 
Th e o r e t i c a l 
head length 
(ji) from 
Dyar 1s Rule 

Mean increment f a c t o r from Dyar 1s Rule = 1.154 

D. Qnychiurus procampatus. 
Table 29. Head capsule length i n 0. procampatus, from 

c u l t u r e s . 

I n s t a r 

Observed mean 
head length (M) 
and S.E. of ' 

mean 
No. of 
i n d i v i d u a l s 
measured 
Rate of 
increase 
T h e o r e t i c a l 
head length (u) 
from Ejrar's Rule 

Mean increment f a c t o r from Dyar 1s Rule = 1.153, 

1 2 3 4 5 6 

170 
+ 

197 
+ 

227 
+ 

266 
+ 

302 
+ 

347 
+ 

0.56 1.46 I . 0 9 1.46 5.34 

12 5 4 5 3 4 

- 1.158 1.154 1.171 1.133 1.151 

170 196 226 261 301 347 
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E. Onychiurus l a t u s * 
Table 30. Head capsule length i n 0. l a t u s , from c u l t u r e s 

I n s t a r 
Observed mean 
head lengthen) 
and S.E.of mean 

No. of 
i n d i v i d u a l s 
measured 
Rate of 
increase 
T h e o r e t i c a l 
head length 
(u) from 
Dyar 1s Rule 

Mean increment f a c t o r from Dyar 1s Rule = 1.152 

F. Onychiurus tricampatus. 
Table 31* Head capsule length i n 0. tricampatus, from 

c u l t u r e s . 

1 2 3 k 5 6 7 

170 198 231 262 303 339 396 
+ + + + + + + 

0.70 1.89 1.09 1.09 oC 

5 5 k 3 k 1 

- 1.168 1.163 1.135 1.156 1.117 1,171 

170 196 225 260 299 3*+5 397 

I n s t a r 1 2 3 k 5 6 

Observed mean 151 170 200 230 267 head lengthUv + + + + + + 
and S.E. of mean 1.80 1.00 1.20 oC 3-77 2.67 

No. of 
i n d i v i d u a l s 33 11 5 1 3 3 measured 
Rate of 
increase - 1.122 1.127 1.178 1.150 1.159 
T h e o r e t i c a l 
head length 13>+ 151* 177 203 232 266 
6yar f s Rule 

Mean increment f a c t o r from Dyar 1 s Rule = 1.1^7 
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c) Development of the chaetotaxy i n successive 
i n s t a r s . 

Examination of the i n d i v i d u a l s of known i n s t a r i n 
fou r species of the Genus Onychiurus showed t h a t during 
the course of development the chaetotaxy of parts of the 
body was c h a r a c t e r i s t i c of the i n s t a r . The arrangement 
of the b r i s t l e s i n r e l a t i o n t o the pseudocelli of the 
f i f t h abdominal segment was selected f o r d e t a i l e d study, 
and the r e s u l t s are shown i n Figs. 13 > Ik & 15* 

The a b i l i t y to recognise a given i n s t a r on the 
basis of the chaetotaxy was found t o be p a r t i c u l a r l y use
f u l i n assigning i n d i v i d u a l s t o a given i n s t a r when the 
measurement of head capsule size lay midway between two 
means* This was of p a r t i c u l a r value i n drawing up Figs. 
19-21 to show the age d i s t r i b u t i o n , and was used i n the 
case of some t h i r t y i n d i v i d u a l s i n assigning them t o i n s t a r 
groups f o r the c a l c u l a t i o n of head capsule size from f i e l d 
data (Figs. 16 & 17). 

d) Determination of the number of i n s t a r s from f i e l d 
data. 

A l l i n d i v i d u a l s of 0. procampatus and 0. tricampatus 
extracted from 15 sample u n i t s on each of 2k sampling 
dates over a period of two years, were mounted on s l i d e s 
and the lengths of the head capsules were measured. The 
r e s u l t i n g data were p l o t t e d i n the form of histograms 
( F i g . 16). From these d i s t r i b u t i o n curves i t i s c l e a r 



F i g . 13 

The chaetotaxy of the f i f t h abdominal segment i n 
Onychiurus l a t u s . The number of chaetae increases a t 
each moult and the number of pseudocelli on t h i s segment 
increases from two to three a t the f i r s t moult. 
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Fig. l*f. 

A comparison between the chaetotaxy of the f i f t h 
abdominal segment i n Onychiurus procampatus and 
Onychiurus tricampatus at d i f f e r e n t stages of development. 
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Fig. 15. 

The chaetotaxy of the f i f t h abdominal segment i n 
Onychiurus f u r c i f e r . I n contrast to the other three 
species of Onychiurus studied, the number of pseudocelli 
on the f i f t h abdominal segment does not increase from two 
to three u n t i l the t h i r d moult. 
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Fig. 16 

a. The d i s t r i b u t i o n of head capsule sizes i n 
Qnychiurus procampatus; the six peaks correspond to 
six instars. 

b. The d i s t r i b u t i o n of head capsule sizes i n 
Onychiurus tricampatus; the six peaks correspond to 
six instars. 

Note that i n 0. tricampatus the head capsule size 
of the adult i s equal to that of the fou r t h ins t a r i n 
0* procampatus* 

The data i s from measurements of individuals 
collected at monthly intervals over a period of two years, 
from Moor House Reserve. 
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that I n each case six peaks occur, and these are i n d i c a t i v e 
of the six instar groupings i n each species. Calculation 
of the mean f o r each peak, placing intermediate individuals 
i n t h e i r appropriate group by means of the chaetotaxy, as 
described i n the last paragraph, was carried out, and the 
data are presented i n Tables 32 and 33• 

Table 32- Head capsule length i n 0. procampatus from 
f i e l d data. 

Instar 1 2 3 k 5 6 

Observed mean 
head length ( jx) 
and S.E.of mean 

172 
+ 

0.41 

196 
+ 

0.1+8 

229 
+ 

0.>+2 

266 
+ 

0.51* 

305 
+ 

0.52 

3*+3 
+ 

0.68 

No. of 
individuals 
measured 229 15k 162 205 151 

Rate of 
increase - 1.139 1.165 1.163 1.11+8 1.12k 

Theoretical 
head length(W 
from Dyar 1s 

Rule 
172 198 227 261 299 3hk 

Mean increment factor from Dyar 1s Rule = 1.148 



Ikh. 

1 2 3 h 5 6 

132 150 172 199 230 26k 
+ + + + + + 

0.60 0.1+0 0.35 0.30 0.1+1 0.55 

1+2 192 li+9 292 100 

- 1.139 l.l>+6 1.153 1.156 1.15< 

132 152 17*+ 200 230 26i+ 

Table 33. Head capsule length i n 0* tricampatus from 
f i e l d data. 

Instar 

head length(pj 
and S.E. of * 

mean 
No. of 
individuals 
measured 
Rate of 
increase 
Theoretical 
head length(u) 
from Dyar1 s' 

Rule -

Mean increment factor from Dyar 1s Rule = 1.1^9 

I n the case of 0* latus* monthly samples were taken 
over a period of one year; on each occasion the sample was 
of an a r b i t r a r y size, and normally about 150 individuals 
were mounted and measured each month. The d i s t r i b u t i o n 
curve shown i n Fig. 17c demonstrates the seven peaks 
indicating the seven instar groupings. Intermediates were 
placed i n t h e i r appropriate i n s t a r group on the basis of 
chaetotaxy, and the mean head capsule length f o r each i n s t a r 
calculated. The data are summarised i n Table 3k. 



1^5-

A similar procedure was carried out f o r 0# f u r c i f e r , 
but t h i s species was sampled on only three dates- Fig. 17d 

shows the d i s t r i b u t i o n of the head capsule sizes f o r t h i s 
species, and Table 35 summarises the data concerning the 
separate instar s . 

e) Correlation of data from cultures and from the 
f i e l d . 

Comparison of Tables 30 and 3^ f o r 0. l a t u s , 
Tables 29 and 32 f o r 0. procampatus. Tables 31 and 33 f o r 
0. tricampatus and Tables 28 and 35 f o r 0* f u r c i f e r , shows 
the close relationship of the data derived from the two 
separate sources. This i s summarised i n Table 36. 

Table 36. Comparison of the number of instars and size 
increment factors f o r Onychiurus spp.. 

Species Number of instars Increment factor Species Cultures F i e l d Cultures F i e l d 

0. latus 7 7 1.152 1.152 

0. nrocampatus 6 6 1.153 1.11+8 
0. tricamoatus 6 6 1.1^7 1.11+9 
0. f u r c i f e r 7 7 1.19* 1.11+8 



Fig. 17 

c. The d i s t r i b u t i o n of head capsule sizes i n 
Qnychiurus latus; the seven peaks correspond to seven 
instars. The data i s from measurements of individuals 
collected at monthly intervals over a period of one year, 
from Moor House Reserve. 

d. The d i s t r i b u t i o n of head capsule sizes i n 
Qnychiurus f u r c i f e r ; the seven peaks correspond to seven 
instars. The data i s from measurements of individuals 
collected on three sampling occasions from Melmerby, 
Cumberland and from Hamsterley, Co. Durham. 
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Table 34- Head capsule length i n 0. l a t u s , from f i e l d data 

I n s t a r 

Observed mean 
head lengtMW 
and S.E. of 

mean 

No. of 
i n d i v i d u a l s 
measured 

Rate of 
increase 

T h e o r e t i c a l 
head length(W 
from Dyar 1s 

Rule 

1 2 3 4 5 6 7 

172 
+ 

200 
+ 

228 
+ 

266 
+ 

302 
+ 

345 + 
401 
+ 

.19 0.61 0.24 0.27 0.27 1 .30 0 . 3 1 

207 22 282 202 156 249 533 

- 1.160 1.140 1.169 1-135 1.141 1 .164 

172 198 228 263 303 349 402 

Mean increment fa c t o r from Dyar's Rule = 1.152 

Table 35. Head capsule length i n 0 . f u r c i f e r , from f i e l d 
data. 

I n s t a r 

Observed mean 
head length(w) 
and S.E. of J 

mean 

No. of 
i n d i v i d u a l s 
measured 
Rate of 
increase 
T h e o r e t i c a l 
head length(W) 
from Dyar 1s ' 

Rule 

Mean increment f a c t o r from Dyar 1 s Rule = l.lMJ 

1 2 3 4 5 6 7 

148 
+ 

1.03 

173 
+ 

0.66 

200 
+ 

0.88 

228 264 299 
+ + + 

0.67 0.86 1 .60 

339 + 
1.68 

29 31 34 54 46 20 14 

- 1.166 1.158 1.140 1.156 1.134 1.132 

148 170 195 224 257 295 338 
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I n a l l four species the number of instars was found 
to be the same i n both laboratory cultures and f i e l d 
material. A close relationship was also found i n the 
increment factor calculated from the two sources, and t h i s 
was found to be similar i n a l l four species. Choudhuri 
(1958) obtained a figure of 1-15 f o r three species of the 
Genus Onychiurus, namely 0 . parthenogeneticus. 0 . fimatus , 
and 0 . imperfectus* and the present data i s i n close 
agreement with t h i s . 

Milne (1960), working on 0 . procampatus % 0 . latus 
a n 3 0* f u r c i f e r found only f i v e Instars i n each of the 
three species; no progression factor was calculated* The 
data presented here show t h i s estimate to be inaccurate 
there being six instars i n 0. procampatus and 0 . tricampatus. 
and seven instars i n 0 . latus and 0 . f u r c i f e r * This author 
kindly supplied material of 0 . procampatus* 0 . tricampatus 
and 0 . latus from his study area, and examination by the 
present writer showed that a l l individuals f i t t e d closely 
the measurements and chaetotaxy described here. 
( 0 . tricampatus was not recorded by Milne from his study 
area, but specimens were found to be present i n a sample of 
0. procampatus from t h i s area). 

f ) The duration of the instars i n culture. 
From cultures, data were obtained f o r the frequency 

of moulting of the six species discussed i n the l a s t section. 
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Table 37 shews the number of days spent i n each i n s t a r i n 
H. denticulata u n t i l maximum size was reached; these data 
are f o r the mass culture at 15°C. 

Table 37. Duration of instars of H. denticulata at 15°C 

Instars 1 2 3 5 

Duration (days) 9 9 8 8 8 

Thereafter moults occurred at in t e r v a l s of 8 .1 ± 0.42 days, 
on 21 occasions before the death of a l l Individuals• 

As has been mentioned previously (page 135) i t was 
found d i f f i c u l t to rear individuals of H. denticulata 
singly i n culture; eventually t h i s was achieved, and 
moulting periods at 8°C. f o r individuals i n i s o l a t i o n are 
shown i n Table 38. 

Table 38. Duration of instars of H. denticulata at ' 

Instars 1 2 3 4 5 

Duration(days) 
and S.E. of 12.7 

+ 
17*4 
± 

19.0 
+ 

17-3 
+ 

22.0 
+ 

mean 1.0 3.6 1*7 0.9 1.5 
No. of 
individuals 
examined 

6 5 4 4 3 

8°C. 

Moults occurred at intervals of 22.6 1 2.5 days a f t e r 
a t t a i n i n g maximum size, at 8°C. 



From Tables 37 and 38 i t can be seen that at 1$°C 
k2 days elapse from hatching to achieving maximum size, and 
at 8°C. 88 days. A r i s e i n temperature from 8°C. to 1 5 ° C -

thus increases the rate of development by a factor of 2 . 1 

and the rate of moulting i n the adult stage by a facto r of 
2 . 8 . 

For T. krausbaueri more complete data are available 
f o r the frequency of moulting, and these are shown i n 
Table 39. 

Table 39. Duration of instars i n T. krausbaueri at 15°C 

Instars 1 2 3 

Duration (days) 10.5 10.2 13.2 
and S.E. of mean + + + 

0.2 0.3 0.5 
No. of 
individuals ko 33 27 
examined 

Note. Whereas i n the next four species the numbers 
examined f o r duration of instars corresponds to the numbers 
measured i n the section on determination of the number of 
in s t a r s , i n T. krausbaueri d i f f e r e n t cultures were used and 
thus the numbers do not correspond. 
When the maximum size was reached i n the f o u r t h i n s t a r , 
moults occurred at inter v a l s of Ih.Q ± 0.2 days (18^ 
i n t e r v a l s measured)• Milne (1960) records ecdyses at 
in t e r v a l s of 8-15 days i n T. krausbaueri at 12°C. The same 
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author comments upon the i r r e g u l a r i t y of moulting i n the 
adult stage, but the present w r i t e r found moulting to be 
regular (Table kO) • 

I n Tables 38 and 39 there i s a suggestion of a 
gradual increase i n the duration of the i n t e r v a l between 
moults up to at t a i n i n g the maximum size. This i s 
si g n i f i c a n t i n H. denticulata and there i s a s i g n i f i c a n t 
difference between the f i r s t two instars and the t h i r d i n 
T. krausbaueri. I n adult individuals of T> krausbaueri 
a similar trend continues, and t h i s i s shown i n Table *+0. 

Table ^0. Duration of adult instars i n T. krausbaueri, 
at 15°C 

Insta r k 5 6 7 8 9 10 11 12 13 
Duration Ik.h 13-7 13-9 15-9 1$A Ih.l lk.9 lk.1 16.5 15.9 i n days + + + + + + + + + + 
of dmean # °~ k °* 5 °* 5 °*6 °" 7 X " 3 1 " 1 °~ k 

No. of 
in d i v i d - 26 20 16 16 16 15 15 Ik 10 7 
uals 
examined 

Measurements were also made on the duration of the 
various instars of the four species of Onychiurus f o r which 
the number of instars was determined i n the previous section, 
These data are shown i n Tables hi to kk. 
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Table hi. Duration of instars i n 0 . f u r c i f e r at 15 C. 

Instar 1 2 3 h 5 6 

Duration i n 1 0 . 7 11.5 I L . 1 11.3 12.8 lk.0 
days and + + + + + 
S . E . of mean 0 . 6 0.7 1.1 

No. of 
individuals 38 20 13 9 k 1 
examined 

Only one record of 15 days i s available f o r moulting a f t e r 
the attainment of maximum size. 

Table h2. Duration of instars i n 0 . procampatus at 15°C 

Instar 1 2 3 ^ 5 
Duration i n 13*7 lh.2 16.0 17*7 20.9 
days and + + + + + 
S . E . of mean ~ # l f ~ # 6 ~ # 5 

No. of 
individuals 25 20 1 6 1 1 8 
examined 

The i n t e r v a l between moults i n the adult stage was found 
to be 18 .7 ± 1-0 days ( 1 2 measured). 

Table 1+3* Duration of instars i n 0 . latus at 15°C. 
Instar 
Duration i n 
days and 
S.E . of mean 
No. of 
individuals 
measured 
No data are available concerning moulting i n the adult stage. 

1 2 3 h 5 6 
12.1 13.7 lk.2 18.5 20.2 22.0 
+ + + + + + 
0.2 0.1+ 0.6 1.1 1.7 

60 17 12 8 5 1 
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Table kk. Duration of instars i n 0. tricampatus at 1? C. 

Instar 1 2 3 h 5 
Duration i n 10.5 11.2 12.0 12.7 18.7 
days and + Hr + + + 
S.E.of mean 0.3 o.5 o.5 1.0 0.9 
No. of 
individuals 23 12 7 6 3 
measured 

No data are available concerning moulting i n the adult 
stage. 

I n the four species of Onychiurus there i s a marked 
tendency f o r the period between moults to increase i n 
successive i n s t a r s , up to the maximum size. S u f f i c i e n t 
data i s not available to show whether such an increase 
continues i n the adult stage, although Handschin (1929) 
reports that i t does so i n Onychiurus spp.. Maclagen 
(1932) has demonstrated an increase i n the duration of 
int e r v a l s between moults i n successive sub-adult inst a r s 
of Sminthurus v i r i d i s , as have Davis and Harris (1936) 
i n Pseudosinella violenta. I n Orchesella v i l l o s a 
Mayer (1957) finds no increase i n the average duration 
between moults with age, but describes long and short i n t e r -
moult periods associated with the deposition of sperma-
tophores by the male; i n the female the inter-moult periods 
are of the same length. 
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Richards (19*+9) has shown that i n some grass
hoppers there i s a regular relationship between the 
measurements of the successive instars only i f account i s 
taken of t h e i r varying duration; that i s to say growth 
proceeds at a regular rate, and the longer the i n s t a r 
the greater the amount of growth. I t has been shown here 
(Tables 26-35) that the increment factor f o r growth rate 
i n Collembola i s constant from moult to moult, and that 
Dyar1 s Rule i s upheld; however, i t has also been demon
strated (Tables that the period between moults 
increases i n successive instar s . I t has also been shown 
that the periods between moults i s affected by temperature 
(Tables 37 and 38), and thus d i f f e r e n t periods between 
moults are to be expected at d i f f e r e n t times of the year 
under f i e l d conditions. However, Tables 32 to 35 and 
Figs. 16 and 17 suggest that individuals of the same inst a r 
are similar i n head capsule size at a l l times of the year 
(and at d i f f e r e n t temperatures) and thus d i f f e r e n t i n t e r -
moult periods are not represented by individuals of 
d i f f e r i n g size. The f i e l d data of A g r e l l (19*+8) supports 
t h i s , and thus the type of growth i n Collembola must be 
regarded as of a d i f f e r e n t type to that i n grasshoppers, 
i n that Dyar1 s Rule i s s t r i c t l y followed. A possible 
explanation of t h i s i s that i n Collembola the extension 
of the new c u t i c l e at each moult i s l i m i t e d by physical 
factors within the c u t i c l e i t s e l f , and that normally 



maximum extension takes place. 

g) The duration of instars i n the f i e l d . 
I n only one case was i t possible to determine the 

length of instars i n the f i e l d . This was i n 0. latus* i n 
1961, when the adult population died during egg layi n g , 
i n May, probably as a result of a l a t e , hard f r o s t . The 
almost simultaneous hatch of the eggs made i t possible to 
fo l l o w the growth of the population i n the f i e l d . This 
was done by measuring a l l the individuals from a randomly 
taken sample and from measurement of the head capsule 
length determining the percentages of the various instars 
on d i f f e r e n t dates. An 1 average i n s t a r 1 was calculated 
f o r each date, and the resulting data plotted i n the form 
of a graph (Fig. 18). From t h i s graph i t can be seen that 
a period of some 2h days occurs between each moult from 
instars two to six i n the f i e l d . Table ^3 indicates that 
at constant temperature there i s a gradual increase i n the 
time between moults i n successive i n s t a r s . I n the f i e l d 
t h i s i s counteracted by an increase i n the mean temperature, 
and t h i s probably explains the straight l i n e graph. 

Over the period June-September, 0. latus took 120 
days from hatching to reach the f i f t h moult; the average 
mean a i r temperature over the period was 10.2°C. At 

o 
15 C. constant temperature i t took 79 days to reach the 



Fig. 18. 

Graph to show the duration of instars of Onychiurus 
latus i n the f i e l d , at Moor House, during 1961. The 
'average i n s t a r 1 was calculated f o r a l l sampling dates 
a f t e r the f i r s t ; the date upon which only f i r s t i nstars 
were collected cannot be included i n the graph since 
the 'average i n s t a r 1 f o r t h i s date cannot be calculated. 
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f i f t h moult i n culture. Thus f o r a r i s e of 4.8 C the 
rate of development increases by a factor of 1-52* This 
compares with an increase i n the rate of development i n 
H. denticulata by a factor of 2.1 f o r a r i s e i n temperature 
of 7°C. (page 10T). From these rather meagre data rough 
constants f o r development can be calculated from the 
product of the development time i n days and the temperature 
i n degrees centigrade (Table k$). The constants from 
separate sources agree s u f f i c i e n t l y nearly to make t h e i r 
use j u s t i f i a b l e i n an estimate of the expected time of 
att a i n i n g maximum size i n the f i e l d (Table 46). 

Table 45. Constants (the product of the development time 
i n days and the temperature i n degrees centigrade) 

fo r the development of sub-adult i n s t a r s . 

Constant temperature. Mean f i e l d 
Species temperature. 

8°C 15°C. 10.2°C. 
H, denticulata 704 630 

0. latus - 1180 1224 

I n Table 46 the constants derived from laboratory c u l t u r i n g 
at 15°C. are used. The number of days from hatching taken 
to a t t a i n maximum size i s indicated under the appropriate 
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hatching date. The temperature figures are averages f o r 
the period 1952-61- I n an average year 0. latus takes 
113 days to reach maximum size when hatched on 1 June. 
The calculated figu r e f o r 1961 i s 116 days, and the actual 
f i g u r e estimated from the f i e l d population (Fig. 18) 120 
days; there i s thus a close relationship between the 
calculated data and the actual state of a f f a i r s i n the f i e l d . 

h) The process of moulting. 
Davis and Harris (1936) have recorded that i n 

Pseudosinella violenta the body becomes opaque and white 
pr i o r to moulting. During the course of t h i s work 
moulting has been observed i n a l l the species cultured. 
The bases of the antennae f i r s t appear whi t i s h , as the 
old c u t i c l e separates from the new, and f l u i d moves between 
the twoi The antennae are p a r t i a l l y withdrawn from the 
old c u t i c l e which also begins to separate from the new 
c u t i c l e at the t i p of the abdomen. At t h i s stage a s p l i t 
usually occurs along the length of the top of the head. 
I n those species possessing anal horns these are withdrawn 
from the old c u t i c l e and thrust upwards i n a more anterior 
p o s i t i o n , so pu l l i n g backward the old c u t i c l e . Undulating 
movements occur throughout the length of the body and the 
thorax and abdomen are alte r n a t e l y expanded and contracted. 
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The s p l i t continues along the dorsal side of the moulting 
i n d i v i d u a l , and when i t extends almost to the t i p of the 
abdomen the thorax i s pushed out through the s p l i t and the 
legs released. Normally the old c u t i c l e i s attached to 
the substrate, apparently by the claws. By bracing the 
legs against the substrate the antennae and head are then 
released, and strong wriggling movements begin i n order to 
free the abdomen. The whole process of moulting normally 
takes from 10 to 15 minutes i n culture. 

I n some of the species cultured the cast c u t i c l e 
i s normally eaten. I n T. minor t h i s occurred almost 
invariably, whilst i n H. denticulata apparently no cu t i c l e s 
were eaten. A l l four species of Onychiurus cultured 
frequently eat the cast c u t i c l e , though t h i s occurred less 
frequently i n T. krausbaueri. The eating of the cast 
cu t i c l e s made i t necessary to examine cultures d a i l y 
throughout the period of c u l t u r i n g . 

i ) The sex r a t i o . 
Maclagen (1932) comments upon the d i s p a r i t y i n 

the numerical r e l a t i v e production of the sexes i n 
Sminthurus v i r i d i s where he records a r a t i o of 22 males 
to 100 females. I n Pseudosinella violenta Davis and 
Harris (1936) record a sex r a t i o of 65 females to 35 males 
i n 100 individuals examined, which i s s i g n i f i c a n t l y 
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d i f f e r e n t from u n i t y ( X = 9-0; d.f. = l j P<0.005). 
Falkenhan (1932) noticed that i n Sminthurides aauaticus 
females normally produce offspring of one sex only, and 
Anders (1959) has carried out a genetical analysis of t h i s 
which accounts f o r the di s p a r i t y i n the sex r a t i o . 
Choudhuri (1958) has produced additional evidence that the 
sex r a t i o i s affected by temperature: at high temperatures 
the proportion of males i n both Onychiurus fimatus and 
0. imperfectus was greater than that of females, whereas 
at low temperatures the reverse was true. These resul t s 
are subject to review, due to the probable existence of 
a parthenogenetic form, at least i n 0. fimatus* which was 
not recognised by Choudhuri (1958) (see page 181). 

During the course of the work at Moor House, sex 
r a t i o s of four species have been determined. These are 
shown i n Table k7. 

Table 4?. , Sex r a t i o s of Collembola taken at Moor House. 

Species 

Hypogastrura 
denticulata 

Qnychiurus 
procampatus 

Qnychiurus 
latus " " 

Onychiurus 
tricarnpatus 

No. of females No. of males 
counted 

% 

362 

216 

counted 

0 

iko 

210 

X* 

181.0 

151.0 

0.1 

Probability 
of d i f f e r 
ence from 
equality 
<0.025 

< 0.005 

< 0.005 

K . S . 

N.S. = Not s i g n i f i c a n t . 
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j) L i f e cycles and longevity. 
Information concerning the l i f e cycles of Collembola 

at Moor House has been derived from four main sources: 
A) A knowledge of the time of egg laying (Table 19). 
B) Examination of monthly samples f o r f i r s t i n s t a r s , 

which were recognised by comparison with individuals 
hatched i n culture. 

C) Examination of the monthly samples f o r the 
presence of adults, and i n some cases, eg. 0. latus* 
0. procampatus and 0. tricampatus* a l l other i n s t a r s 
(Figs. 19-21). 

D) A knowledge of the length of time from hatching 
to maturity. 
From t h i s information i t appears that there are four main 
types of l i f e - c y c l e : 

1) Spring layers which mature through the summer and 
over-winter as adults which lay again the following spring. 
I n t o t h i s category f a l l the majority of species. The 
onset of laying coincides with a r i s e i n temperature i n 
the spring (see page 1110, eg. H. denticulata, N. muscorunu 
0. latus* I* s e n s i b i l i s * I . v i r i d i s * I . olivacea, 
1. infuscata, I . p a l u s t r i s * T. minor. 

2) Spring layers which continue to lay throughout 
the summer and autumn, so that a l l l i f e stages may be 
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found together i n the f i e l d i n summer, eg. 0. procampatus* 
0. tricampatus. T. krausbaueri. These are cavernicolous 
s o i l forms i n which the prolongation of the egg laying 
period i s probably due to the s t a b i l i t y of the s o i l as an 
environment, a fact commented upon by Delamare-Debouteville 
(1950). 

3) Autumn layers which mainly die i n early winter, 
over-wintering largely as eggs which hatch the following 
spring, with the r i s i n g temperatures. A few individuals 
over-winter, eg. Lepidocyrtus lanuginosus. 

4 ) Collembola which have more than one complete 
generation a year, and over-winter mainly as eggs, eg. 
D« fusca, D. minuta. This category contains the majority 
of the Symphypleona. 

Measurement of individuals of a l l species named 
was impracticable, and the three species of Onychiurus 
were selected f o r measurement. However, the q u a l i t a t i v e 
observations on the other species are regarded as a 
r e l i a b l e i n d i c a t i o n to t h e i r types of l i f e cycle, and i n 
Table 48 the probable number of generations i s given f o r 
some Moor House species, together with the information 
on which the figures are based. 

Fig. 21 shows the age d i s t r i b u t i o n of 0. latus 
during 1960 and 1961. This i s a t y p i c a l example of the 
f i r s t type of l i f e h i s t o r y (Category 1 ) , vfoere the eggs 



<H O 
Q> 0 « H 

rH 4-3 
, 0 H Cd 
cd <D f-« 

, P ,P 0 
O E 
cH P d 

d 
0 
bO 

CM 

o 
C\J 

o 

CM 

O 

CO | <M ̂  iH 
o o > 

•H O 
• H 

O 0 <M S P< O 

O H 
• H 
4-3 CD 
•H rH 
CO £1 
O cd 
P. EH 

•H d 
fn O 
CD « H 

+3 + 3 
d * H 

• H ^ 

£ d i 
*H 
> 

O 

O o 

CO CO CO CO 
4-3 + 3 -P 4-3 
r-1 r-4 r-4 

CO CO CO P* CO g 
CD CD CD CD 
tkO n o bO cd to cd cd 
cd cd cd cd 

-p + 3 -p >> >> 
CO d CO CO ni

 

CO ni
 

ni
 

rH •H r-1 r-H •H r-4 •H •H 
cd r-4 r-1 cd r-H cd 

M
a
 

S <$ •> -< 

M
a
 

CO 
w d cd d 

<D 4-3 

.d w 
•H d 

CO CD r-4 
CD + 3 CO Pu 

4-3 CO CD £5 
Cd rH rH Cd 

CM 

CO 
CD 

4-3 
p« 
0 

CO I 

-p 
P, 
CD 

CO 

I 
>> 
cd 

CO 

-d 
4 3 d o 
r-4 
r-4 

CO 

4 3 d 
o 
6 
r-4 
r-1 
*4 

2 
I 

CO 
-d 
4 3 d o 
e 

«5 

• H 
H 
P. 

r-4 

I 
r-1 
• H 
H 
P* 

«4 

•P +3-4" 
• H 

CO f - l 

cd + 3 m 
^ cd CM 

&D CD 

d d 
•rH 3 
cd 

r-3 - 4 

N O 
0 0 

O N 
CM 
r-1 

J * 
O N 

O 

o 
53 

CO 
XI CD 
O r - t 
cd 
CD cd 
H EH 

b£) d S 
• H cd 

cd 
H^r-4 

N O 
N D 

O D m 
r-4 

O N 
N O 

O N 
O 

CO 
0 

• H 
O 
0 
P * 

CO 

M r H 

CO 
cd 

o 
P I 
d 
0 

I T 

cd 
rH 
g 
cd 
0 

J23 

CO 

•H 

o 

CO 

p" 
cd 
p< 
a 
cd o o ri PJ 

CO 

u 
p1 

.d 
o 

CO 
p* 

4 3 
cd 
PJ 

e 
cd o 

•H 

O 

CO 

2 
• H CO 

P* 
O 4-3 

o 

•H 
M CO 

cd 0 • H 
•H P* rH 
b£ cd • H CO 
rH rP rP •H 
0 CO •H »d 

rP P* O CO O •H 
r-4 cd + 3 d 4 0 Fn 
r-4 rH O 0 O •H 

CO CO CO > 
E H rH M 



CO d <H O 
0 ) O-H 

rH 4P 
X? H Cd 
Cd <D H 
X> X? CP 
o a 
H P 

CM CJ 

CM 

163 

CM 

O 

O 

CO 

o 
•H 
P. o 

I 
•H 
> 
o 

d 
o 

•H 
4 J 
• H 
CO 
O 

O N 
r-4 

CD 
r-4 
X 

CM CM 

P E H 

3 
*H 
H a 
0 O -P «H d-P •H »H 
1 a 
f-t o 
0 o > o 

CO 

r-4 

cd 

r-4 

d 
•H 
cd 

CO 
- p 
r-4 

cd 

> > 

rH 
d 

•H 
cd 

CO 
- p 

CO r-4 CO CO 
tiO g tuD h0 
CLQ CUD txO 
0 cd 0 0 

S >» 
r-4 rH rH rH CI a d CI 
•H •H •H •H 

CO 
H 

d cd d 
xl CO 

•H d 
CO 0 rH 
CD 4-3 CO P. 

4-3 CO 0 g 
cd P-» P4 cd 

P T I ft W 

CO 
0 

cd 

I 
r-4 •H 
H 
p 

rH 

I 
rH 
•H 
H 
P 

cd 

0 

i 
>> 
cd 

2 

cd 

rH 

i>> 
cd 

O >>vD •P 4-3 •H 
CO H o ^ 

cd -P r o 
^ cd CM 
< H 
O 

O 
125 

CO 
x! 0 

O rH 
c d x i 
0 cd 
H E H 

HO 0 

d d 
•H £ 
cd 

rH rH 

d S 
•H cd 

rH rH 

t o 
0 

•H 
a 
0 
p 

cn 
o 

4-3 
O 
t o 

r H 

cd 
4-3 
cd 
CJ 
CO 

a 
H 

CO 

H 

I o 
4-3 
O 
CO 

H i 

t o 
•H 
H 
4-3 
CO 

r-4 
cd 
P I 

CO 
0 

4-> 
H 

N 
o 
o 
•H 
PI 
0 

rH 

CO 
0 
t o 
O 

d 
•H 
g 
cd 

rH 

to cd 

H o cd o 0 rH - p 4 ^ 4 H 
O o u u o d >>. d K •H o o 
O •H a •H 

EH P 

cd o 
CO 2 



Fig- 19. 

The age d i s t r i b u t i o n of Onychiurus procampatus at 
Moor House during 1960 and 1961. Summer peaks i n 
numbers i n the second and t h i r d i n s t a r s , and winter peaks 
i n the adults can be seen. 



Age d is t r ibu t ion^ ° 
O. procannpahjs. 

6 0 

4 0 

2 0 

I C H 

Ist. Inttar. 

60 
SOH 

' 40-I 

6 301 
S 
£ ao 

- IOH 

FftM M M J f t J AftS OftN NftJ FftM A I M J f t J JftA SftO NftD 
I 9 6 0 I96I 

2. O 

2nd Inttor. 

F i M M M J f t J AftS OftN NftJ FftM M M J f t J J f tA SftO NftD 
I960 m \ 

3rd. I n t t a r 

FftM AftM J f t J AftS OftN NftJ FftM AftM J f t J J f tA S f t O NftD 



Age distribution. 
O.procampahjs. 

Fig.19b. 

6 0 

S O ' 

4 0 

3 0 - I 

2 0 -

IO -

4 t h . In i ta r . 

F t M A I M J * J A 4 S O&N N&J F 4 M A * M J f t J J * A S I O N t D 
I960 I96I 

6 0 T 

•?50H e 
140H a. 
E 
s 30« 
— 
c 2 C H 

2 io-

5 t h . I n i t a r . 

6 0 

F 4 M A I M J * J A 4 S 0 4 N N * J F&M A I M J t J J f tA S * 0 N t D 
I 9 6 0 I96I 

S O ' 

4 0 -

3 0 

2 0 -

IO 

6 t h . Int tar 

I 
F * M ASM J * J AftS O t N N 4 J F 4 M A&M J * j J * A S 4 0 N * D 

I 9 6 0 (96I 



Fig. 20. 

The age d i s t r i b u t i o n of Onychiurus tricampatus at 
Moor House during 1960 and 1961. Summer peaks i n 
numbers can be seen i n second ins t a r individuals and 
there i s apparently a second peak i n autumn; t h i s could 
be caused by a second generation. 
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Fig. 21 

The age d i s t r i b u t i o n of Onychiurus latus at Moor 
House during 1961 and 1962. I t can be seen that there 
i s a clea r l y defined single generation per year, with 
the eggs hatching i n spring, growth occurring throughout 
the summer, and individuals wintering mainly as adults. 

The time scale i s twice that of Figs. 19 and 20. 
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are l a i d i n late spring, hatch i n early summer and the 
insects reach t h e i r maximum size i n late autumn (see also 
Fig. 17). Whilst they a t t a i n t h e i r maximum head capsule 
size i n late autumn, the maximum weight i s not attained 
u n t i l the following spring, as i s shown i n Table k9* 
The increase i n weight i n the adult individuals i s most 
probably due to the maturation of the gonads. Individuals 
hatching i n May 1961 produced eggs at the end of A p r i l 
1962; t h i s was found by bringing l i v e insects i n t o 
culture on each sampling date. 

I n contrast to the well defined l i f e cycle i n 
0. latus« which i s a l i t t e r l i v i n g species, the d i s t r i b u t i o n 
of age groups throughout the years 1960 and 1961, f o r 
0. procampatus and 0. tricampatus^ does not give a clear 
picture of the l i f e cycle. This i s due mainly to the 
extended period of oviposition (Table 19), but to some 
extent to the di s p a r i t y i n the effi c i e n c y of extracting 
the e a r l i e r i n s t a r s . Tables kl and kk show l i t t l e 
difference i n the duration of the f i r s t and second insta r s 
of 0. procampatus and 0. tricampatus and thus i t would be 
expected that roughly equivalent numbers would be obtained 
over a f u l l year. As can be seen i n Figs. 19 and 20, 
t h i s i s not the case, and thus a d i s p a r i t y i n extraction 
e f f i c i e n c y must occur, f i r s t instars being extracted less 
e f f i c i e n t l y . 
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Table h3. Weight of 0. latus during l i f e cycle. 

Date Average instar Weight of 100 
individuals (mgm.) 

29.5-60 1.0 0.83 

k.7-61 3.1 2.32 

17-7-61 3-2 2.51 

28.7.61 3.6 3.01 

28.8.61 1+.8 ^-99 

12,9-61 5-8 9-98 

25.9.61 6.0 11.25 

23.10.61 6.7 17.67 

2*+.11.61 6.8 20.81 

11.12.61 6.9 21.82 

31.1.62 6.9 30.10 

27.2.62 6.9 30.*+7 

20.3.62 6.8 30.69 

30.!+. 62 6.9 3 1 . ^ 
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I n 0. procampatus a summer peak can be observed 
i n the numbers of second instar individuals (Fig. 19a), 

•which corresponds with the laying i n early spring, and 
there i s a winter peak i n the numbers of adults. I n 
0* tricampatus a less obvious peak occurs i n the early 
in s t a r s i n summer and a second peak i n autumn. I t i s 
possible that the second peak i s caused by a second 
generation, f o r individuals hatching i n late spring w i l l 
reach maximum size by the end of August, and almost 
c e r t a i n l y mature before winter sets i n . Laying occurs 
i n cultures at 8°C. i n October and November, and these 
eggs are probably l a i d by individuals that matured during 
autumn. I n January and February 1961, high temperatures 
at Moor House caused an early hatch of overwintering eggs 
(see page 1^). I n 0* tricampatus (Fig. 20a) a winter 
peak i n the numbers of second instars (November to March) 
occurred, whilst no similar peak occurred i n 0. procampatus 
(Fig. 19a). Since the eggs of both species have a 
similar period of development (Fig. 10), t h i s suggests 
that more overwintering eggs of 0. tricampatus were 
present i n the s o i l than that of 0. procampatus. 
indicating a l a t e r laying i n the former species; t h i s 
l a t e r laying could be by a second generation. The data 
i n Tables 23 and h6 support the p o s s i b i l i t y of two 
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generations i n 0* tricampatus and only a single 
generation i n 0. procampatus<» since the former has an 
appreciably shorter l i f e h i s t o r y (Table 48). 

The only species i n t h i s work for which there i s 
any precise information concerning the length of the l i f e 
cycle i n the f i e l d i s 0* latus. Fig. 21 shows that i n 
t h i s species the length of l i f e from hatching to laying 
i s 10-11 months, although a few individuals may l i v e 
longer. Adults placed i n culture at 8°C. at the time 
of laying have existed up to a maximum of 120 days a f t e r 
the usual time of laying, giving a maximum length of l i f e 
of over 400 days. H. denticulata and other species 
having a similar type of l i f e h i s t o r y have also been 
recorded as l i v i n g over 120 days a f t e r c o l l e c t i o n from 
the f i e l d at the time of laying. I t appears that most 
spring layers have a normal length of l i f e of j u s t under 
one year i n the f i e l d at Moor House, although i t i s 
possible that some of the smaller species, eg. Folsomia 
spp., may have more than one generation a year at 
Moor House, (see page and also a shorter l i f e span. 
A g r e l l (1941) records two generations i n Folsomia 
quadrioculata i n a r c t i c Sweden from measurements of 
material collected i n the f i e l d -
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At Moor House the low temperatures i n winter and 
early spring prevent laying, and the low autumn temperatures 
retard development. I t i s possible that at times 
temperatures i n the s o i l , and below snow, are above those 
of the a i r (Geiger 1950). The a c t i v i t y of Collembola 
may thus be greater than would be suggested by the a i r 
temperatures, on which development estimates here are 
based- Even so, i t i s doubtful i f more than one complete 
generation occurs (Table kQ) i n any of the spring layers 
(Category 1) at Moor House. Qualitative examination of 
the monthly samples supports t h i s . 

I n Tomocerus minor the single generation i s 
cl e a r l y defined, and A g r e l l (19^1) found t h i s i n T.vulgaris 
and Bellinger (1951*) i n T» flavescens^ from examination 
of individuals collected from the f i e l d . According to 
Strebel (1938) members of the Genus 'Tomocerus may l i v e up 
to 18 months. Folsom (1916) records 3-h generations a 
year i n Hypogastrura armata, and B r i t t (1951) records a 
maximum of 12 generations a year i n the laboratory at 2k°C. 

The l a t t e r author indicates that normally the l i f e span 
i s about 2 months i n H« armata but overwintering i n d i v i d 
uals l i v e f o r about 1 year. Ripper (1930) records a l i f e 
span of 5-10 months f o r members of the Genus Hypogastrura. 
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I n those species laying throughout the summer and 
autumn (Category 2 ) , the usual l i f e span i s probably shorter 
than one year. However, i n culture T» krausbaueri has 
l i v e d f o r more than 1 year at 1$°C«, and a single 
i n d i v i d u a l of 0. procampatus cultured at 8°C. was s t i l l 
a l i v e 1250 days a f t e r being introduced to the culture as 
a sub-adult. 

Autumn layers (Category 3) normally have a shorter 
l i f e span i n the fiel d , s i n c e they hatch i n spring, mature 
through the summer, and die a f t e r laying i n autumn. The 
normal l i f e span i n the f i e l d f o r L. lanuginosus i s 
probably i n the region of 7-8 months. 

I n the rigorous moorland climate the only Collembola 
which appear regularly to have more than one generation a 
year are certain of the Symphypleona. Over-wintering as 
eggs D. minuta and D. fusca hatch i n la t e spring and 
mature during the early summer when eggs are again l a i d ; 
the resulting second generation lays eggs i n the autumn 
and these over-winter. Individuals of these two species 
have a l i f e span of about 3-4 months i n the f i e l d at 
Moor House, as a f t e r a July hatch individuals were absent 
from November samples. The smaller Symphypleona, which 
normally overwinter as eggs, probably have a shorter l i f e 
span and at least two generations during the summer. 
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Maclagen (1932) records a period of **8 days from hatching 
to maturity under f i e l d conditions i n Sminthurus v i r i d i s . 
and a further 15 days f o r the l i f e span of the ad u l t . 

I n the sub-Arctic climate which prevails at Moor 
House, the Collembola probably have t h e i r l i f e cycles 
extended over a period greater than that i n any other 
habitat i n the B r i t i s h I s l e s . Thus t h e i r a c t i v i t y i n 
the general s o i l turnover may be regarded as at i t s 
minimum level-

k) Parthenogenesis. 
Handschin (1928) referred to the p o s s i b i l i t y of 

parthenogenesis i n the Collembola and stated that the 
periodic appearances of large numbers of a single species 
might be considered as circumstantial evidence f o r i t . 
I s o l a t i o n of in d i v i d u a l females of various species by 
Strebel (1932, 1938), Falkenhan (1932), Schaller (1953) 

and Mayer (1957) resulted i n no young individuals being 
produced. I n only one case i n Orchesella v i l l o s a 
(Lindemann 1950) did an isolated female produce eggs 
which subsequently developed, and Mayer (1957) explains 
t h i s by suggesting that spermatophores were introduced 
to the culture with the food. 
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I n Onychiurus parthenogeneticus Choudhuri (1958) 
parthenogenesis i s the normal form of reproduction and 
males are absent i n t h i s species. Goto (1960) and 
Marshall and Kevan (1962) have demonstrated a f a c u l t a t i v e 
parthenogenesis i n cultures of Folsomia Candida. 

During the course of the present work two examples 
of parthenogenesis have come to l i g h t . I n Tulibergia 
krausbaueri individuals were isolated from the day of 
hatching and i n four cases eggs were produced which 
subsequently developed and hatched. I n three cases 
individuals cultured i n pairs turned out to be pairs of 
females, and these also produced eggs which hatched. 
What i s considered to be a form of parthenogenesis also 
occurred i n Onychiurus procampatus (see page 119), and a 
similar state of a f f a i r s also exists i n 0« fimatus* 
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PART C• 
THE TAXONOMIC STATUS OF SOME MEMBERS OF THE ONYCHIURUS 
ARMATUS SPECIES GROUP. 

1) Introduction. 
Gisin (1952), on the basis of material collected 

from the Alps, expressed the opinion that i n the species 
Onychiurus armatus (Tullberg 1869) are included a d i v e r s i t y 
of species; twelve were named (Gisin 1952a) and l a t e r a 
thi r t e e n t h (Gisin 1952b). Gisin (1960) describes 38 
species which are contained w i t h i n the Onychiurus armatus 
species group. The main characters used i n the 
separation of the species w i t h i n the group are: 

a) The location and number of pseudocelli on 
di f f e r e n t segments of the body. 

b) The arrangement of setae on the t e r g i t e s of the 
f i r s t thoracic segment and those of abdominal segments 
f i v e and six* Other minor characters involved are the 
r e l a t i v e lengths of the anal spines and the presence of 
an inner tooth on the claws. 

The d i v i s i o n of the 0. armatus species group 
has been c r i t i c i s e d by Stach (195^) and by Bodvarsson 
(1959)* The former author considers most of Gisin 1 s 
species to be 1 i n s i g n i f i c a n t ecological or l o c a l 
modifications 1, and the l a t t e r author writes as follows: 
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!As long as the biolo g i c a l conditions of the animals 
and the nature of the variations have not been studied 
experimentally, i t seems the most appropriate to regard 
these forms as infrasubspecific and thus not to subject 
them to purely taxonomic treatment 1 . To a lesser extent 
Choudhuri (1958) c r i t i c i s e d Gisin* s subdivision of the 
group, but f o r the most part accepted his taxonomic 
c r i t e r i a * 

During the course of t h i s work Gisin 1s c r i t e r i a 
have been assessed experimentally i n four species of the 
group, and found to be v a l i d ; the results are presented 
i n t h i s section. 

2) The Moor House members of the 0. armatus species 
group. 

During the course of the work at Moor House three 
species of the 0. armatus species group were encountered, 
namely 0. procampatus«, 0. latus and 0. tricampatus. 
0. latus was cl e a r l y a d i f f e r e n t species from the other 
two as was recognised by both Choudhuri (1958) and 
Milne (1960). (The former author considers i t to be a 
synonym of 0. aurantiacus Ridley 1880). The present work 
has shown that 0. latus possesses one more in s t a r than the 
other two species (Fig. 16a), i t s eggs take longer to 
develop (Fig. 10), and i t also contains a yellow pigment 
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which the other two lack. I n addition to these factors 
0. latus i s ecologically d i f f e r e n t i n that i t i s a l i t t e r 
l i v i n g form characteristic of acidic areas, whereas the 
other two species penetrate deep i n t o the s o i l and do not 
occur i n acid peat conditions. 

I n the section on sex r a t i o s i t was seen that 
0. procampatus occurs at Moor House only as females, whereas 
0. tricampatus i s present as both males and females* There 
i s also a size difference between these two species 
(Figs. 16a and 16b), where the f i r s t instar of 0.procampatus 
i s equivalent i n size to the t h i r d i n s t a r of 0. tricampatus. 
I t was found that 0. procampatus l a i d larger eggs than 
0. tricampatus (Table 20), had a longer period of develop
ment to maturity, and had a d i f f e r e n t v e r t i c a l d i s t r i b u t i o n 
i n the s o i l , (Tables 77 to 79)* However, these two 
species always occurred together i n samples from mull s o i l s 
at Moor House. 

3) The relationship between 0. procampatus and 
0. tricampatus. 

a) The occurrence together of the two species i n 
the f i e l d . 

Table 50 summarises the data concerning the 
numbers of these two species collected i n d i f f e r e n t 
sampling areas. 
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Table 50. Numbers of 0. procampatus and 0. tricampatus 
obtained from d i f f e r e n t sampling s i t e s . 

Locality 

1. Moor House, Limestone 
grassland, House Field. 

2. Moor House, Limestone 
grassland, Green Hole. 

3* Moor House, Limestone 
grassland, Milburn Beck. 
Moor House A l l u v i a l 
grassland, Trout Beck. 

5« Cassop Vale, Co.Durham, 
Limestone grassland. 

6. Melmerby, Cumberland, 
Limestone grassland. 

7. Hartside, Cumberland, 
Limestone grassland. 

8. Malham, Yorkshire, 
Limestone grassland. 

9. Bowes Moor, Yorkshire, 
Limestone grassland. 

10. Milngavie, Dunbarton
shire. Sample from 
Dr. S. Milne. 

11. Mews lade Bay, Gower, 
Glamorgan. Sample frcm 
A. Macfadyen and 
I . Healey. 

12. Vorso, Denmark. Sample 
collected by H. Gisin. 

Numbers 
0. procampatus 0. tricampatus 
Male Female Male Female 

0 

0 

0 

0 

0 

32 

0 

0 

0 

0 

0 

362 

6k 

10 

3k 

17^ 

68 

Ik 

176 

11 

12 

0 

25 

k 

210 

27 

28 

13 

32 

2 

8 

33 

216 

k9 

32 

15 

56 

3 

13 

k2 

13 

0 

21 

I n no l o c a l i t y during the course of t h i s work was either 
e n v i e s found alone. 
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b) Breeding experiments. 
Whilst adult 0. procampatus could be separated 

because of t h e i r larger size from 0. tricampatus, t h i s 
l a t t e r species could not be separated from e a r l i e r instars 
of 0. procampatus, i n l i f e . I t was found that on 
i s o l a t i n g 0. procampatus adults no eggs were l a i d , 
despite the fact that no males existed i n the samples of 
the species and thus parthenogenesis was to be expected. 
Mayr (1957) f a i l e d to get eggs from isolated individuals 
of 0. armatus. Placing the adult 0. procampatus i n t o 
cultures which contained male 0* tricampatus, eggs were 
subsequently produced. (The presence of male 
0. tricampatus was ascertained a f t e r the production of 
eggs by mounting and examining a l l i n d i v i d u a l s ) . I n 
over 30 cultures containing both species, eggs were 
produced by 0. procampatus, but i n 10 cultures containing 
only 0. procampatus (large females), no eggs were produced. 
I n order to check that t h i s was not merely a r e s u l t of 
col l e c t i n g at d i f f e r e n t times, samples were taken from 
Malham, Yorkshire; Cassop, Co. Durham and from Moor House, 
and pairs of cultures collected on the same day set up. 
One culture of a pair contained only adult 0. procampatus, 
whilst the other culture contained a mixture of both 
species. No eggs were l a i d i n any of the six cultures 
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containing only adult 0. procampatus (large females) 
but eggs of t h i s species were produced i n a l l the six 
cultures containing both species. I t thus appeared 
necessary f o r males of 0. tricampatus to be present before 
females of 0* procampatus would produce eggs. 

c) The fate of the eggs. 
I s o l a t i o n of the eggs of 0. procampatus and 

subsequent examination on hatching showed that a l l (over 
150) the individuals produced were referable to 
0* procampatus; that i s to say a l l were females and a l l 
were large individuals, the f i r s t i n s t a r being equivalent 
i n dimensions to the t h i r d instar of 0. tricampatus. 

A l l the eggs l a i d by 0* tricampatus females (over 
200) hatched in t o individuals referable to 0. tricampatus % 
and both males and females were present. 

d) The production of f e r t i l e eggs. 
Whilst eggs were not produced by 0. procampatus 

(large females) i n the absence of 0. tricampatus (small) 
males, even when male 0. tricampatus were present, a 
percentage of the eggs f a i l e d to develop, i e . the chorion 
never s p l i t , compared with 26$ of the eggs l a i d by 
0. tricampatus. The fact that k3% of the eggs f a i l e d to 
develop i n circumstances i d e n t i c a l to those i n which the 
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other 57% developed suggests i n f e r t i l i t y ; i f t h i s i s i n 
fact so then they must be f e r t i l i s e d by 0. tricampatus 
males. 

e) The p o s s i b i l i t y of social f a c i l i t a t i o n . 
The fact that no eggs were l a i d by individuals 

of 0* procampatus i n i s o l a t i o n , or i n cultures containing 
only 0. procampatus adults, suggests the p o s s i b i l i t y of 
social f a c i l i t a t i o n to egg laying* 10 individuals of 
0. procampatus were placed one i n each of ten cultures 
o f 0» f u r c i f e r , but no eggs were l a i d by the 0. procampatus 
females. No information was obtained on t h i s t o p i c . 

f ) The status of 0. procampatus at Moor House. 
0. procampatus (large females) always breeds true 

i n cultures the individuals of which were collected from 
Moor House, Cassop and Malham. Since the population of 
t h i s species at Moor House i s e n t i r e l y of females, 
which always give r i s e to females, apparently breeding i s 
a form of parthenogenesis. However, i t appears that 
the presence of 0. tricampatus males i s necessary i n order 
that f e r t i l e eggs may be produced; true f e r t i l i s a t i o n , 
however, does not appear to take place, as 0. procampatus 
has bred true f o r three generations i n culture* 
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I t seems probable that t h i s i s a case similar to 
that occurring i n the grain beetles of the Genus Ptinus. 
H e r e > P* l a t r o occurs always as females which are 
normally f e r t i l i s e d by the males of P. h i r t e l l u s , although 
males of other species can bring about ' f e r t i l i s a t i o n 1 

(Moore, Woodroffe and Sanderson 1956). Apparently 
entry of the sperm i n t o the egg of P. l a t r o stimulates 
development mechanically, and there i s no fusion of the 
nuclei or exchange of genetic material. 

I t would appear that 0* procampatus and 
0. tricampatus are good species since there i s apparently 
no transfer of genetic material, breeding i n the former 
being a form of thelytokous parthenogenesis. 

k) Normal sexual reproduction i n 0. procampatus. 
I n the material furnishing the types of 

0. procampatus, taken by Dr. H- Gisin from Engelalp, 
Bernese Alps, Switzerland, males were present, and 
specimens have been examined by the present w r i t e r . 
I n the adult stage these were the size of the largest 
0. tricampatus and equivalent i n size to the f o u r t h i n s t a r 
of the large female 0. procampatus from Moor House 
(Fig. 16). At Melmerby, Cumberland, adult 0. procampatus 
both males and females, were collected which were identical 
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i n size with the 0* tricampatus and smaller than the 
large adult 0. prooampatus from Moor House; 0. tricampatus 
occurred i n the same samples* Cultures of the small 
0. procampatus were set up, and i t was found to reproduce 
sexually laying small eggs i d e n t i c a l i n size with those 
of 0. tricampatus. The f i r s t instars were also i d e n t i c a l 
i n size with those of 0. tricampatus, but d i f f e r e d 
consistently i n the pseudocellar formula and i n the 
chaetotaxy. These bred true and the males were capable 
of stimulating development i n the eggs of the large female 
0> procampatus. Thus two types of adult females occur 
i n Q» procampatus< large parthenogenetic forms and small 
sexually-reproducing individuals. 

The fact that 0. tricampatus was present i n the 
same samples and no intermediates were found between the 
sexually reproducing individuals of 0. procampatus and 
0. tricampatus suggests that these are good species. 

5) Apparent parthenogenesis i n other members of the 
0. armatus group. 
Examination of over 200 individuals of 0. fimatus 

collected i n Durham showed that whilst a l l were i d e n t i c a l 
from the point of view of pseudocellar formula and 
chaetotaxy, two d i f f e r e n t sizes of mature females occurred, 
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equivalent i n head capsule length to the two forms of 
0. procampatus. Large mature females which l a i d large 
(0.23 mm. i n diameter on laying) eggs i n cultures set up, 
were present together with small females which l a i d small 
eggs (0.17 mm. i n diameter on l a y i n g ) ; small males were 
also present but there were no large males. 

Choudhuri (1958) reports that i n 0. fimatus there 
are seven ins t a r s , one more than i n 0. procampatus and 
0. tricampatus. Only six size groupings, with a Dyar 1 s 
increment factor of 1.15) were found i n 0. fimatus from 
Durham. The increment factor was i d e n t i c a l with that 
found by Choudhuri, so possibly the last i n s t a r was absent 
from the Durham sample. P l o t t i n g a l l the in d i v i d u a l s 
(large and small) of the sample, eight groupings of head 
capsule size occur. Choudhuri discarded a l l measurements 
of material collected i n the f i e l d because i t did not agree 
with the number of instars (7) found i n the laboratory. 
The probable reason f o r lack of agreement i s that the two 
size groupings were present i n the f i e l d material whereas 
i n the laboratory experiments eggs from only one size 
grouping were used. Examination of material of 0* fimatus 
i d e n t i f i e d by Choudhuri has been carried out, and the 
presence of the two size groupings ascertained. 

I t thus appears that i n 0. fimatus there i s a 
large, probably parthenogenetic female, and small sexually-
reproducing individuals. 
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Examination of 0. quadriocellatus^ taken from the 
Swiss Jura, showed a similar phenomenon with two sizes 
of females and small males, and Gisin (pers. comm.) has 
now observed t h i s i n the same species from another ha b i t a t . 

6) Consistancy i n the pseudocellar formula. 
Bodvarsson (1959) states that the various species 

w i t h i n the 0. armatus species group are connected by 
individuals which are intermediate i n morphological 
characters. Examples have not been encountered which 
support Bodvarsson*s contention and i t i s l i k e l y that 
Bodvarsson has not taken in t o account variations i n the 
pseudocellar formula and chaetotaxy i n the various instars; 
i f Gisin 1s taxonomic c r i t e r i a are applied to individuals 
a f t e r the second instar (Table 51) complete separation can 
be made. Occasionally the pseudocelli of one side of an 
ind i v i d u a l are duplicated i n places, but provided both 
sides are examined caref u l l y t h i s can be recognised. 
Table 51 shows a comparison of the pseudocellar formulae 
of the three members of the 0. armatus species group 
found at Moor House. 

The present w r i t e r considers that the number and 
positi o n of pseudocelli are not affected by the environ
ment i n the same way that certain characters are affected 
by temperature i n other genera eg. Hypogastrura 
(Cassagnau 1955)• 
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Table 51. Pseudocellar formulae i n Moor House members of 
the 0. armatus species group. 

Instar 0. procampatus 

1 32/022/33332 
2 33/022/3333 or 

k2 or 3 
3 33/022/333^3 
k 33/022/333^3 
5 33/022/333^3 
6 33/022/333^3 
7 

D. latus 

32/022/33332 
33/022/3333 or 

k2 or3 
33/022/333^3 
33/022/333^3 
33/022/333^3 
33/022/333^3 
33/022/333^3 

0. tricampatus 

32/023/33332 
33/02 or 33/33332 

or 3 
33/02 or33>333^3 
33/02 or 33/333^3 
33/02 or 33/333^3 
33/02 or 33/333^3 

Note: The pseudocellar formula applies to the d i s t r i b u t i o n 
of pseudocelli on the dorsal side of an i n d i v i d u a l . The 
f i r s t two figures refer to the numbers at the base of the 
antennae and back of the head, the next three to the three 
thoracic segments and the last f i v e figures to the f i r s t 
f i v e abdominal segments. 

7) Summary. 
In some species at least, the c r i t e r i a of 

Gisin (1952) f o r the d i v i s i o n of the Onychiurus armatus 
species group are v a l i d , since they are consistant from 
generation to generation and true intermediates do not e x i s t . 
The taxonomy of the group i s complicated by a form of 
thelytokous parthenogenesis which requires f u r t h e r jnvestigatam 
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PART D. POPULATION ECOLOGY. 
I . SAMPLING AND EXTRACTION TECHNIQUES. 

1) Introduction. 
Methods f o r removing micro-arthropods from s o i l 

samples have been reviewed i n Kevan (1955)? and these can 
be divided in t o two main categories. F i r s t l y , there are 
those which r e l y on the movement of the animals along a 
physical gradient such as heat, desiccation or l i g h t 
(the so-called 'automatic 1 methods), and secondly, there 
are the 'mechanical1 methods involving sieving or 
f l o t a t i o n where the animals are removed independent of 
th e i r own a c t i v i t y . 

The extraction of animals from s o i l samples s t i l l 
presents great problems, and especially i n the case of 
the micro-arthropods, no accurate measure of ef f i c i e n c y 
of extraction has been found possible. I n a l l cases 
assumptions have to be made concerning the r e l i a b i l i t y 
of the extraction technique; the main assumptions may 
be summarised as follows: 

a) That the extraction processes are comparable on 
di f f e r e n t dates i e . the r e l a t i v e numbers of d i f f e r e n t 
instars and species extracted at d i f f e r e n t times are 
assumed to be the same and the ef f i c i e n c y remains constant. 
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Factors such as d i f f e r e n t proportions of e a r l y and l a t e 
i n s t a r s (which would be able t o move w i t h d i f f e r e n t 
degrees of ease along the temperature g r a d i e n t ) , varying 
water content of the samples, varying f i e l d temperatures 
(where the animals are less a c t i v e when i t i s c o l d ) , and 
v a r i a t i o n s i n the density of the plant cover through 
which the animals have to move t o escape from the sample 
i n automatic devices, a f f e c t the e f f i c i e n c y of e x t r a c t i o n . 

b) Comparison of numbers from d i f f e r e n t s o i l types 
must of necessity assume a s i m i l a r e f f i c i e n c y of 
e x t r a c t i o n , although v a r i a t i o n s i n pore s i z e , v e g e t a t i o n 
cover etc., may make escape from one s o i l type easier 
than from another. 

c) I n comparing the numbers of d i f f e r e n t groups of 
animals, whether they be d i f f e r e n t species or d i f f e r e n t 
phyla, again the e x t r a c t i o n e f f i c i e n c y must be assumed t o 
be equivalent f o r d i f f e r e n t groups. The use of d i f f e r e n t 
e x t r a c t i o n techniques f o r various groups has shown large 
v a r i a t i o n s i n the e f f i c i e n c i e s of the types of apparatus, 
and thus such assumptions are c l e a r l y not j u s t i f i e d . 

d) I n f l o t a t i o n devices, some groups f l o a t more 
e a s i l y than others eg= i n Collembola, Folsomia spp. are 
very e a s i l y wetted whereas Onychiurus spp. are n o t . 
For comparative purposes i t must be assumed t h a t a l l 
groups f l o a t w i t h equal ease. 
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I n p a r t i c u l a r cases other assumptions must be 
made concerning the e x t r a c t i o n of the fauna from s o i l 
samples, and at the outset of any work on the numbers of 
s o i l - l i v i n g animals i t must be recognised t h a t , a t l e a s t 
to some extent, the data obtained i s a measure of the 
behaviour of the e x t r a c t i o n apparatus ra t h e r than a 
r e l i a b l e r e f l e c t i o n of the state of a f f a i r s i n the f i e l d -
However, w i t h c a r e f u l s e l e c t i o n of the e x t r a c t i o n technique, 
and the knowledge gained from the experience of using i t , 
r e l a t i v e l y r e l i a b l e , i f to some extent s u b j e c t i v e , r e s u l t s 
may be obtained. C l e a r l y data obtained are minimum 
estimates and as such are of value. 

2) The a p p l i c a b i l i t y of d i f f e r e n t e x t r a c t i o n 
techniques to moorland s o i l s . 

Raw (1955) has described a f l o t a t i o n e x t r a c t i o n 
process f o r s o i l micro-arthropods, but l i k e a l l such 
methods t h i s i s based on the p r i n c i p l e t h a t organic material 
f l o a t s i n magnesium sulphate s o l u t i o n of s p e c i f i c g r a v i t y 
1.2, whereas mineral matter sinks. C l e a r l y t h i s would 
not be of use f o r the e x t r a c t i o n of micro-arthropods from 
organic s o i l s such as occur on moorlands. I n i t i a l l y , 
then, the p o s s i b i l i t y of using a mechanical method f o r 
e x t r a c t i n g Collembola from peat s o i l s was discarded, 
and other methods were t r i e d out. 
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Hand-sorting peat samples was attempted, but t h i s 
was found to be so laborious and time consuming t h a t t h i s 
method was dispensed w i t h . 

I t was then decided t h a t the most e f f i c i e n t 
automatic method of e x t r a c t i o n a v a i l a b l e would be used. 
This proved to be the High Gradient Cylinder, d e t a i l s o f 
which had not been published, but which were k i n d l y 
supplied by Mr. A. Macfadyen, i t s designer. A 
de s c r i p t i o n of the apparatus appeared l a t e r (Macfadyen 
1961). 

As has already been mentioned, automatic e x t r a c t i o n 
devices depend on the movements of the animals themselves 
and t h i s gives r i s e to c e r t a i n e r r o r s . F l o t a t i o n 
e x t r a c t i o n methods are also subject t o er r o r s which, 
however, are not of the same magnitude. I t was th e r e f o r e 
decided t o attempt to design a f l o t a t i o n method f o r the 
e x t r a c t i o n of Collembola from peat and other organic s o i l s . 

3) The e x t r a c t i o n techniques used, 
a) The High Gradient Cylinder. 
Macfadyen (1953, 1955? 1961) has described and 

compared several methods of e x t r a c t i n g s o i l arthropods 
from s o i l samples. At the time when the present work was 
f i r s t s t a r t e d , Macfadyen (pers. comm.) had developed the 
High Gradient Cylinder which proved to be up to t e n times 
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as e f f i c i e n t as an ordinary T u l l g r e n Funnel (Macfadyen 
1961); t h i s type of ex t r a c t o r was thus chosen f o r the 
present work. 

F i g , 22 shows a single u n i t of the High Gradient 
Cylinder. The sample u n i t i s taken i n a t u f n a l r i n g 
(see page 10$) — — m2 i n surface area and 3 cm. deep, 

1000 
whereas i n the apparatus described by Macfadyen (1961) 
the core was JL, i n surface area and 3 cm. deep. The 

200 
sample u n i t i s i n v e r t e d over a metal gauze f i t t e d t o the 
top of an aluminium canister which contains a l i t t l e water, 
and sealed on by means of a rubber c o l l a r . The r e l a t i v e 
humidity w i t h i n the canister i n t o which the micro-
arthropods f a l l i s about 100$, and a steep temperature 
gradient can be maintained over the depth of the s o i l 
sample by heating from above and cooling the c a n i s t e r , 
from below, by means of a water bath through which a 
constant f l o w of cold water i s maintained. 

A l l the i n i t i a l t e s t s were c a r r i e d out using a 
small 10 u n i t e x t r a c t o r b u i l t f o r the purpose. P l a t e 11 
shows the apparatus b u i l t a f t e r deciding on the f i n a l 
design which was based on the r e s u l t s of these t e s t s . 
I t consists of two t r a y s , each holding 16 c a n i s t e r u n i t s , 
each of which i s heated from above by means of a 60 watt 
e l e c t r i c l i g h t bulb. The t r a y s form the cold water baths 



Fig. 22. 

A single u n i t of the High Gradient Cylinder 
showing the o r i e n t a t i o n of the s o i l core. 



Fig. 22. 
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f o r the c a n i s t e r s , and water i s c i r c u l a t e d through the 
t r a y s during e x t r a c t i o n . A z e n i t h Variac transformer 
(Type 100M) c o n t r o l s the voltage passing through the 
e l e c t r i c l i g h t bulbs, and i n t h i s way the temperature i s 
c o n t r o l l e d . A p i l o t l i g h t on the outside of the 
apparatus i n d i c a t e s when a bulb has ceased t o f u n c t i o n . 

Several modi f i c a t i o n s of the o r i g i n a l apparatus 
were found t o be necessary- Due t o the number of samples 
taken, and the frequency w i t h which the d i f f e r e n t areas 
were sampled, i t was found t h a t the f i v e day period 
recommended by Macfadyen (pers. comm.) was too long f o r 
an apparatus of only 32 u n i t s . Two e x t r a c t i o n s a week 
were required and thus the period of e x t r a c t i o n was 
reduced t o three days. I t was also found t h a t the 
recommended heat gradient of 20°C, over the depth of the 
s o i l sample, d i d not dry out the sample completely. With 
the r e l a t i v e l y low temperature of 15°C a t the lower 
surface of the sample, Collembola remained i n i t even 
a f t e r a 5 day e x t r a c t i o n i f i t was not completely d r i e d 
out. A three stage e x t r a c t i o n was eventually decided 
to be the best: f o r the f i r s t 12 hours of the e x t r a c t i o n 
the Variac transformer was set at 60 v o l t s ; a f t e r 12 
hours i t was set at 100 v o l t s f o r 2k hours and then at 
l*f0 v o l t s u n t i l the sample d r i e d o u t , a period which 



PLATE 11 

The High Gradient Cylinder e x t r a c t o r , showing the 
method of f i t t i n g the canisters i n t o the water t r a y s . 
The Variac transformer i s f i t t e d between the two water 
t r a y s , and above are the p i l o t l i g h t s which i n d i c a t e 
whether or not the i n d i v i d u a l bulbs heating the apparatus 
are working. 



C! 
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v a r i e d between 12 and 2k hours depending upon the s o i l 
type. Table 52 shows the temperatures corresponding t o 
the Variac reading * 

Table 52. Temperature gradients during a three day 
e x t r a c t i o n . 

Time from begin- Variac reading Temperature of Temperature cf 
ning e x t r a c t i o n ( v o l t s ) cooled side of heated side 

(hours) s o i l sample of s o i l sample 

0 60 19-0 19.0 
12 60 19.0 34.0 

13 100 18.5 55-0 

20 100 19.5 58.5 

25 100 18.8 58.5 
36 100 18.8 55-5 
37 i4o 21.0 76.0 

W 140 20.0 79.0 
60 iho 20.0 80 .0 

Due to the shorter period of e x t r a c t i o n i t was not 
found necessary to use f i x a t i v e s and fungicides i n the 
c a n i s t e r s , and the micro-arthropods were not k i l l e d u n t i l 
a f t e r the e x t r a c t i o n was completed, when 70% a l c o h o l was 
added to the water i n the c a n i s t e r s . 
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Because of the size of the apparatus and the f a c t 
t h a t the samples were divide d i n t o two h o r i z o n t a l l a y e r s , 
when 30 u n i t samples were taken, h a l f the u n i t s had t o 
be stored f o r a period of three days before e x t r a c t i o n ; 
t h i s was also the case when two sets of 15 u n i t s each were 
taken. I t was found that s t o r i n g i n a r e f r i g e r a t o r a t 
k°C. f o r a period of three days had l i t t l e or no e f f e c t 

on the e f f i c i e n c y of ex t r a c t i o n s as i s shown i n Table 53; 

here the r e s u l t s of a 30 u n i t sample extracted over two 
periods of 3 days are shown. Table 5^ shows the e f f e c t 
of e x t r a c t i n g over two three day periods on the t o t a l 
numbers of Collembola from other s o i l types. 

The data show that there \ras no s i g n i f i c a n t 
d i f f e r e n c e between the numbers of i n d i v i d u a l species 
extracted from stored and unstored samples from Limestone 
grassland; nor was there a s i g n i f i c a n t d i f f e r e n c e i n 
the t o t a l numbers of Collembola extracted from stored 
and unstored samples from d i f f e r e n t c o l l e c t i n g dates. 
On A l l u v i a l grassland a s i g n i f i c a n t d i f f e r e n c e was 
recorded i n the numbers extracted from stored and unstored 
samples from two d i f f e r e n t e x t r a c t i n g dates. However, 
at t h i s stage ( a f t e r 6 June, 1960), the sample size 
was reduced from 30 to 15 u n i t s and i t was thus unnecessary 
to store samples from A l l u v i a l grassland. 
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b) The f l o t a t i o n method developed. 
L a d e l l (1936), Salt and H o l l i o k U9kk) and Raw 

(1955) have designed and developed f l o t a t i o n methods f o r 
separating animals from mineral s o i l s . For the reason 
already explained (page 136) these methods are u n s u i t a b l e 
f o r organic s o i l s . 

The main problem a r i s i n g i n devising a f l o t a t i o n 
method was i n causing the peat and other organic m a t e r i a l 
to sink i n the l i q u i d medium used f o r f l o t a t i o n , w h i l s t 
at the same time maintaining the Collembola on the surface 
of the medium; even when soaked f o r periods up t o a week 
some peat always remained f l o a t i n g when e i t h e r water or 
magnesium sulphate were used. I n the method described 
by Raw (1955) a i r was extracted from the sample by means 
of a vacuum desiccator, i n order t o disperse the s o i l 
p a r t i c l e s . I t was found t h a t when peat s o i l samples 
were t r e a t e d i n t h i s way most of the peat sank. Using a 
vacuum pump f i t t e d to the water tap and a corked c o n i c a l 
f l a s k connected by means of a side arm to the pump, 
complete sinking of the peat sample contained i n the f l a s k 
was achieved by reduction of the pressure i n i t u n t i l the 
water b o i l e d at room temperature. I t was found t h a t a l l 
the peat sank a f t e r a period of reduced pressure of some 
30 sees. The e f f e c t of pressure reduction on the 
Collembola and other arthropods was then considered. 
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Animals were extracted by means of a large 
T u l l g r e n f u n n e l , from a sample of l e a f l i t t e r c o l l e c t e d 
i n Durham. Samples of the fauna extracted were placed i n 
a coni c a l f l a s k w i t h some water, and the contents were 
b o i l e d under reduced pressure f o r some 30 sees, a t room 
temperature. Table 55 shows the number remaining f l o a t i n g 
a f t e r t h i s treatment, compared w i t h the t o t a l introduced. 
As can be seen from the t a b l e , only k2% of the Collembola 
remained f l o a t i n g a f t e r pressure re d u c t i o n . 

At t h i s stage the problem required a means of 
r a i s i n g the Collembola to the surface once more, w h i l s t a t 
the same time keeping the peat at the bottom of the 
container. On many occasions w h i l s t preserving Collembola, 
i t was observed t h a t they f l o a t e d t o the surface when 
water was added t o the alcohol containing them, or when 
alc o h o l was added t o water i n which they had sunk; t h i s 
method was t r i e d but was unsuccessful because the peat also 
came t o the surface. 

I t was decided to t r y bubbling a i r through the 
sample by means of an aerator; t h i s was f i r s t t r i e d on 
samples i n which only Arthropods and water were present i e . 
the samples making up the data i n Table 55• Table 56 

shows the r e s u l t s of passing a i r i n the form of very f i n e 
bubbles through the sample of water and Collembola. 
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A f t e r such treatment, i n the absence of any s o i l p a r t i c l e s ? 
^^$ of the t o t a l Collembola were on the surface of the 
water. I t was also found t h a t peat could be caused to 
sink i n magnesium sulphate s o l u t i o n of s p e c i f i c g r a v i t y 
1.2, by b o i l i n g under reduced pressure. W h i l s t i t was 
unnecessary t o use magnesium sulphate t o recover Collembola 
(Table 5 6 ) , most Arthropod groups were found t o f l o a t 
b e t t e r i n i t than i n water. Tests were c a r r i e d out t o 
show the recovery of other Arthropod groups, using 
magnesium sulphate s o l u t i o n . Comparison of Tables 56 
and 57 shows the greater e f f i c i e n c y achieved f o r the 
e x t r a c t i o n of Arthropod groups other than Collembola. 

Further t e s t s showed t h a t when Collembola were 
mixed w i t h peat some means of s t i r r i n g the sample was 
necessary i n order to prevent i n d i v i d u a l s being trapped 
i n the peat; continuous s t i r r i n g , however, caused the 
Collembola t o remain submerged due t o the c e n t r i f u g a l 
e f f e c t of the s t i r r e r . I t was then decided t o s t i r only 
f o r short periods, but t o pass a i r bubbles through the 
sample continuously. 

The f i n a l design of a s i n g l e u n i t of the apparatus 
i s shown i n F i g . 23 and i n Plate 12. The procedure f o r 
e x t r a c t i o n i s as f o l l o w s : 

1 ) The s o i l sample i s f i r s t washed through sieves, 
i n order t o break i t down, and t h i s i s then introduced 
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Fig- 23-

X single u n i t of the f l o t a t i o n e x t r a c t o r showing 
the parts described i n the t e x t . 



F i g . 2 3 
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PLATE 12 

Close-up of a single u n i t of the f l o t a t i o n e x t r a c t i o n 
apparatus. The Mhor1 s c l i p t o regulate the f l o w of a i r 
i n t o the apparatus can be seen top l e f t . The s i l v e r 
s t e e l d r i v i n g rod, carrying s p i r a l gears, can be seen 
running i n f T u f n a l ! bearings along the top of the 
apparatus. The seals connecting the c o n i c a l f l a s k s t o 
the v e r t i c a l tubes are pieces of b i c y c l e t y r e inner 
tubing; the v e r t i c a l tubes w i t h side arms were s p e c i a l l y 
produced by Pyrex L t d . 
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i n t o a 2 l i t r e c o n i c a l f l a s k f i t t e d w i t h a sidearm. 
2) The f l a s k i s corked, connected t o a vacuum pump 

and the contents b o i l e d under reduced pressure a t room 
temperature f o r 30 sees* 

3) The f l a s k i s then connected t o the r e s t of the 
apparatus as shown i n F i g . 23• 

k) Water i s run i n through A by means of a tap I from 
a r e s e r v o i r (top r i g h t of Plate 13) u n t i l i t reaches the 
l e v e l L. Since many Collembola were extracted a l i v e i t 
was found necessary t o maintain a low l e v e l i n tube B 
during the e x t r a c t i o n , i n order t o prevent escape from the 
top of the apparatus. 

5) A i r i s now blown i n through the aerator D, i n a 
stream of very f i n e bubbles, and the s t i r r e r C s t i r s f o r 
a period of 1 minute i n every period of 5 minutes; t h i s 
i s achieved by means of a time switch (bottom r i g h t 
P l a t e 1 3 ) . 

6) At hourly i n t e r v a l s the l e v e l of the water i n 
tube B i s ra i s e d so t h a t the f l o a t i n g m a t e r i a l passes 
over i n t o tube E, and from there i n t o a f i n e mesh sieve F, 
of 360 mesh phosphor-bronze (aperture 0.0^2 mm.) The 
water passes through the funnel G and i n t o a waste pipe 
running the length of the lower part of the apparatus. 

7) Alcohol i s poured i n t o F from the side i n order 
t o k i l l the Collembola. 

MAY Reed 
SECTION 
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8) The l e v e l of water i n B i s then returned t o the 
l e v e l L by means of increasing the r a t e o f bubbling through 
D; t h i s i s c a r r i e d out by releasing the Mhor' s c l i p s on 
the a i r c o n t r o l (top of apparatus i n Plate 1 2 ) , and when 
the c l i p s are once again tightened the l e v e l r e t u r n s t o L. 

A f t e r several t r i a l s i t was found t h a t no more 
Collembola passed i n t o the sieve F a f t e r r a i s i n g the l e v e l 
L on f i v e occasions, so t h a t a normal e x t r a c t i o n should 
occupy 5 hours. The l e v e l of 70% a l c o h o l i n G was 
maintained by a tap H so that i t covered the Collembola 
i n sieve F. 

The apparatus f i n a l l y b u i l t contained 20 u n i t s 
and i s i l l u s t r a t e d i n Plate 13• The s t i r r e r s were d r i v e n 
by means of s p i r a l gears f i t t e d a t regular i n t e r v a l s along 
the length of two s i l v e r s t e e l d r i v i n g shafts; the shafts 
ran i n 1 T u f n a l 1 bearings and were driven by an e l e c t r i c 
motor (bottom r i g h t Plate 1 3 ) • S p i r a l gears were 
necessitated f o r d r i v i n g the s t i r r e r s because of the 
concentric arrangement of the tube leading t o the aera t o r 
and the s t i r r i n g rod. A vacuum pump (bottom r i g h t 
Plate 13) supplied the a i r f o r a e r a t i o n . 

When the f i n a l apparatus was completed t e s t s 
were c a r r i e d out i n v o l v i n g mixing a counted number of l i v e 
Collembola w i t h peat t h a t had previously been thoroughly 
d r i e d f o r several weeks i n order t o remove other Collembola, 
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The Collembola were thoroughly mixed w i t h the moistened 
peat and extracted according t o the procedure described. 
Table 58 shows the recovery of the Collembola from the 
manufactured samples. 

Table 58. Recovery of Collembola from manufactured peat 

Species 

Numbers placed 
i n peat 
samples 
Numbers 
recovered 
Percentage 
recovered 

samples. 
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There was thus a loss of the order of 2%. However, i t 
i s recognised t h a t peat samples made up i n t h i s way are 
by no means i d e n t i c a l w i t h samples taken i n the f i e l d and a 
greater e r r o r w i l l no doubt occur due to the compacting of 
the peat and the d i f f i c u l t y i n separating i t when using 
s o i l samples from the f i e l d . 



PLATE 13 

The f l o t a t i o n apparatus c a r r y i n g twenty s i n g l e u n i t s . 
The glassware i s supported by means of clamps on a chemi-
frame and the mechanical part of the apparatus i s supported 
by Dexion frame. S i l v e r s t e e l d r i v i n g rods run the 
length of the top of the apparatus, and they carry s p i r a l 
gears t o dr i v e the s t i r r e r s . The motor d r i v i n g the 
s t i r r e r s can be seen bottom r i g h t , and i n f r o n t of i t 
i s the pump which sends a i r through the apparatus; above 
these can be seen the r e s e r v o i r supplying water (or 
magnesium sulphate) to the f l a s k s . A time switch which 
c o n t r o l s the time during which s t i r r i n g occurs can be 
seen to the l e f t of the pump, bottom r i g h t . 
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c) A comparison of the two methods. 
Three sets of 20 sample u n i t s each were c o l l e c t e d , 

two from Heather l i t t e r and one from the Hagg L i p zone, 
and the Collembola were extracted using the f l o t a t i o n 
apparatus. These were c o l l e c t e d a t the same time as the 
monthly samples extracted by means of the high gradient 
c y l i n d e r . A d i r e c t comparison between the two e x t r a c t i o n 
methods was thus possible. The data are compared i n 
Tables 59, 60 and 61 and the s i g n i f i c a n c e of d i f f e r e n c e s 
between the means r e s u l t i n g from these two methods i s 
tested using the standard e r r o r of the d i f f e r e n c e ; t h i s 
i s shown i n the tabl e s • 

Whilst i n a l l three cases the mean number o f 
Collembola per sample u n i t was bigger i n the case of the 
high gradient c y l i n d e r , there was no s i g n i f i c a n t d ifference 
between the t o t a l means r e s u l t i n g from the two d i f f e r e n t 
e x t r a c t i o n methods. With the exceptions of 0. l a t u s and 
I . v i r i d i s ^ a s i m i l a r e x t r a c t i o n e f f i c i e n c y can also be 
assumed f o r the i n d i v i d u a l species concerned i n the 
e x t r a c t i o n of Collembola from heather l i t t e r and hagg l i p , 
by the two e x t r a c t i o n methods. I n the case of these two 
species, a s i g n i f i c a n t d i f f e r e n c e between the numbers 
extracted from heather l i t t e r on both occasions was 
recorded (Tables 59 and 60), greater numbers being 
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extracted by the f l o t a t i o n method. L v i r i d i s due t o 
i t s large size and a c t i v i t y may escape during the prep
a r a t i o n of the samples f o r e x t r a c t i o n i n the high gradient 
c y l i n d e r ; 0, la t u s i s not s u f f i c i e n t l y a c t i v e t o escape 
( i t lacks a f u r c u l a ) and i t s size may prevent i t s movement 
out of the sample u n i t ; the large size of I . v i r i d i s may 
possibly i n h i b i t movement out of the sample u n i t i n the 
same way. 

Ten sample u n i t s were hand sorted a f t e r e x t r a c t i o n 
by each method, but no Collembola were found. F i f t e e n 
sample u n i t s from which the Collembola had been extracted 
by means of the high gradient c y l i n d e r were r e - e x t r a c t e d 
using the f l o t a t i o n apparatus; again no f u r t h e r Collembola 
were recovered. 

Whilst i t i s not claimed t h a t hand s o r t i n g i s an 
accurate measure of the presence i n the sample of Collembola., 
from the t o t a l amount of data presented i n t h i s s e c t i o n i t 
may be concluded t h a t both the hi g h gradient c y l i n d e r and 
the f l o t a t i o n apparatus have a high e f f i c i e n c y of 
e x t r a c t i o n ; i t i s , however, impossible t o give a 
q u a n t i t a t i v e estimate of t h i s e f f i c i e n c y . 
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Table 59. Comparison of the e f f i c i e n c y of the High 
Gradient Cylinder and the f l o t a t i o n e x t r a c t o r s . 
Heather l i t t e r , 25 .9-61. The f i g u r e s are means per 
sample u n i t 11.35cm. i n surface area and 3 cm. deep. 

Species 
to E 
P * 

• H 
X j 
a &5 

CO 03 
CO •H T3 
•H i - 4 o3 P* 

o3 r-4 o3 • H • H 03 03 CO 
CD • H X i o • H 
CO rQ o • H o o 
CD a3 - P CO CO > 4-3 • H 

• H * H o C J r - J CD o FH 
M •H CO 0) o H CO • H 

6 M CO P«4 X I H > 

•a 
• H 
M g 

03 

03 
o 
03 
M 

• P 
CD 
EH 

•H S 
i-H 
X I 

03 
i-H 
O 

XJ 
e 

r-4 CD 
03 rH 

4-3 r-i 
O O 
EH O 

Means per 
sample u n i t 
from high 
gradient 
c y l i n d e r (A) 

Means per 
sample u n i t 
from 
f l o t a t i o n 
e x t r a c t o r (B) 
Difference 
(B-A) 
between means 
and S.E. of 
di f f e r e n c e 

0.4-7 3.67 9-97 19-53 0 .0 1.27 1.20 37-73 

0 .95 2 .55 8 .H -5 19-00 0 .65 0.95 0 .65 3^ .20 

+0.1+8 - 1 . 1 2 -1.52 -0.53 +0 .65 -0.32 -0.55 - 3 . 5 3 
± ± ± ± ± ± ± ± 
0-12 0.88 2.21 1+.97 0.26 0 . 5 1 0 . 61 6.Im

p r o b a b i l i t y <0.01 N.8. N.S. N.S. < 0 . 0 5 N.S. N.S. N.S. 

Note: U.S. = Not s i g n i f i c a n t 
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Table 60. Comparison of the e f f i c i e n c y of the High 
Gradient Cylinder and the f l o t a t i o n e x t r a c t o r s . 
Heather l i t t e r , 23.10.61. The f i g u r e s are 
means per sample u n i t 11 .35 cm 2 i n surface area 
and 3 cm. deep. 

Species 
CO CO cd 

W •H 
H •H rH cd 

cd rH cd •H •H cd CO cd 
0 •H X> o •H n3 0 

X j CO CO r O o •H o •H O n3 •H cd 
o CD cd + 3 CO CO > - p •H rH 

-p •H o 1-4 0 O rH g Ct£ 
cd rH •H CO 0 O CO •H >s 

o r-4 &4 M CO PH M > «3 p 

3 

I 
cd 
o 

'« 
0 

•H 
0 
rH 

H 
XI 

cd 
rH 
O 

X i 
e 

r H 0 
cd« 

4 0 rH 
O O 

E H O Means per 
sample u n i t 
from high 
gradient 
c y l i n d e r ( f t . ) 

Means per 
sample u n i t 
from 
f l o t a t i o n 
e x t r a c t o r 
(B) 

0.1*0 2 .53 9.80 18 .33 0.00 1.07 2.13 3^*90 

0.90 2 .60 9.10 16.90 0 .50 1.25 1.75 33-65 

Difference +0 .50 +0 .07 - 0 . 7 0 - I . V 3 +0 .50 + 0 . 1 8 - 0 * 3 8 - 1 . 2 5 
(B-A) t t ± ± ± ± t ± 

meanfand ° ' n °' 8 6 2 ' 3 7 5 ' 3 3 °- 2 0 °'^7 ° " 7 5 $~65 
S.E. of 
d i f f e r e n c e 
Probability <0 . 0 0 1 N.S. N.S. N.S. N.S. < 0 . 0 5 N.S. N.S. 

Note: N.S. = Not s i g n i f i c a n t . 
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Table 61 . Comparison o f the e f f i c i e n c y o f the High 

Gradient Cyl inder and the f l o t a t i o n e x t r a c t o r s 

Cladonia covered hagg l i p , £*9*6l* The 

f i g u r e s are means per sample u n i t 11.35 cm^ i n 

surface area and 3 cm. deep. 

Species 

0 to 1 •H •H w 1-4 1 r-4 •H ctf o 0 •H aJ •-4 •H oJ o m 0 •H fi a a w o •H to ̂  o •H r-4 0 
r-4 CO (D to > Ct> r-4 -a o »H fn i-4 0 

4-3 r-4 to CD *H • H o u o O 
E H H CO a 

Means per 
sample u n i t 
f r o m h i g h 
g rad ien t 
c y l i n d e r (A) 

Means per 
sample u n i t 
f rom f l o t a t i o n 
e x t r a c t o r (B) 

D i f f e r e n c e 
between means 
and S.E. o f 
d i f f e r e n c e 
(B-A) 

W-20 38.^0 0.1*7 12.67 100.8 

k8.k0 32.20 1.15 7-90 

+ 0.20 - 6.20 +0.68 - L u 7 7 
± ± ± ± 

11-56 7*76 0 A 2 k.31* 

90.55 

- 10.25 
± 

1^.23 

Note: None o f the f i g u r e s are s i g n i f i c a n t l y d i f f e r e n t . 
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k) Sampling. 

a) The s ize of the sample u n i t . 

Since i t was requi red dur ing the course o f t h i s 

work to estimate the v a r i a t i o n s i n numbers o f the commoner 

species, i n a d d i t i o n to the t o t a l numbers o f Collembola* 

a sample u n i t s ize which would y i e l d numbers i n the order 

o f 20-200 was sought; a sample u n i t s ize o f —1— m 2 

1000 

was f i n a l l y decided upon, and cores were taken to a depth 

o f 6 cm. 

I n the cons t ruc t i on o f the sampling t o o l (Fig.2*+) 
i t was found necessary to use 1 T u f n a l 1 cores which gave a 

surface area s l i g h t l y l a rge r than 1 m 2 ? a s t ub ing o f 
1000 

exac t ly the r i g h t diameter could not be purchased. The 

surface area o f the sample u n i t s taken t h e r e f o r e was 

11-35 sq. cm. 

b) Taking the sample. 

A s o i l sampler was designed to take ' T u f n a l 1 cores 

o f the type al ready described (page lag) and i t s 

c o n s t r u c t i o n was e s s e n t i a l l y s i m i l a r t o t h a t descr ibed by 

Macfadyen (1961). A diagram o f the sampler i s shown i n 

F i g . 2k. Sample u n i t s of 3 cm. or 6 cm. i n depth were 

normal ly taken and t h i s i nvo lved the use o f one (3 cm.) 

or two (6 cm.) ' T u f n a l 1 r i n g s . The r i n g s were i n s e r t e d 



F i g . 2k. 

The s o i l sampler showing the f i t t i n g and means o f 

r e t e n t i o n of the t u f n a l r i n g s , which surround the s o i l 

co re . 



Fig 
The soil sampler. 
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i n t o the sampler where they were h e l d by means o f a 

r e t a i n i n g c y l i n d e r clamped i n place by a l i d - The 

sampler was fo rced i n t o the ground to the r e q u i r e d depth 

by means o f an a l t e r n a t e t w i s t i n g a c t i o n , 180° to the l e f t 

then 180° to the r i g h t and so on. 

Macfadyen (1957) po in t s out tha t t o est imate the 

s ize o f a popu la t ion by means o f samples i s t o indu lge i n 

s t a t i s t i c s , and one o f the basic r u l e s i s t ha t the samples 

themselves should be d i s t r i b u t e d wi thou t b i a s . I n t h i s 

work random samples were taken by throwing the conta iners 

o f the ' T u f n a l 1 r i n g s and sampling 1 metre f r o m the top o f 

the con ta iner , along i t s a x i s . 

c) The number o f u n i t s . 

I t i s considered o f more value to take a l a rge 

number o f small sample u n i t s than a small number o f la rge 

sample u n i t s , f o r the f o l l o w i n g reasons: 

i . A l a r g e r number o f u n i t s covers a g rea te r range 

i n the h a b i t a t , and i s thus more r e p r e s e n t a t i v e . 

i i . The s t a t i s t i c a l e r r o r i s reduced since t h i s 

v a r i e s as rJ^T* where n i s the number o f sample u n i t s . 

i i i . The e f f i c i e n c y o f e x t r a c t i o n i s g rea te r i n smal l 

sample u n i t s i n the case o f ' au tomat i c 1 e x t r a c t i o n 

techniques. 

From a p r a c t i c a l po in t o f v iew i t i s u s u a l l y 

necessary to compromise between the two due to the t ime 
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f a c t o r invo lved i n deal ing w i t h a la rge number o f sample 

u n i t s . Macfadyen (1957) recommends 30 sample u n i t s where 

the d i s t r i b u t i o n o f the organisms i s patchy, and a u n i t 

s ize s i m i l a r t o tha t chosen here ( ^ Q Q Q m 2 ) . I n i t i a l l y 

dur ing the course o f t h i s work 30 sample u n i t s were taken 

each month, on several s o i l types . The pe r iod between 

sampling dates was decided upon on the basis o f what was 

known of the l i f e cycles of Collembola, not more than two 

or three generations per year being expected a t Moor House. 

Sampling was s t a r t ed on a regu la r bas is i n 

February 1960, and i t was soon found tha t there was not 

s u f f i c i e n t time a v a i l a b l e f o r the programme as planned. 

Accumulation o f samples demanded some change i n the 

programme, and the a l t e r n a t i v e s were: 

i . To sample fewer s o i l types , 

i i . To sample the same number o f s o i l types less 

o f t e n . 

i i i . To take fewer sample u n i t s on each sampling date. 

Tes t ing the a v a i l a b l e data showed t h a t reducing 

the number o f sample u n i t s by h a l f , t o 15, d i d not a l t e r 

e i t h e r the mean or the standard e r r o r o f the mean 

s u f f i c i e n t to a f f e c t apprec iably the u l t i m a t e r e s u l t s . 

The data showing t h i s are g iven i n Tables 62 and 63. I t 

was t h e r e f o r e decided to take on ly 15 sample u n i t s on 

subsequent occasions. 
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Table 62. The e f f e c t on reducing the number o f sample 

"units counted f rom 30 to 15 on the means and standard 

e r r o r s o f t o t a l Collembola. The f i g u r e s are means per 

sample u n i t 11*35 c m . 2 i n surface area and 6 cm. deep. 

S o i l type Limestone grass land grassland 

Date 29.2 28.3 25.^ 23-5 27-6 18.7 2.5 6.6 

Mean o f 
15 u n i t s 23.60 3 .̂13 83-53 ^8.13 71-53 ^5-27 52.60 53-^0 
(A) 

i W i t s 2 - 8 8 5 ' 3 9 5 - 1 0 k*5° 7 - 3 6 k ' 6 6 5 - 2 * 

Mean o f 
30 u n i t s 26.56 37-33 77-10 ^7-60 73-76 1*8.53 *+5-76 J+6.20 
(B) 

S.E. o f 
30 u n i t s 2.22 3-31 5-35 3.hi 6.16 3-15 3-*+9 3.77 

Difference +2*96 +3.20 -6.V3 -O.53 +2.23 +3.26 -6.8*+ -7 .2 
(B-A) o f ± ± ± ± + + t ± 

S?E? Sof 3 # 6 1 6 # 3 3 7 # L f 0 5 * 6 5 9 - 8 0 6 " ° 3 5 - 8 2 6"**9 
Difference 

Note: None o f the d i f f e r e n c e s are s i g n i f i c a n t . 
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5) The treatment of the sample. 

When the s o i l core was removed f rom the sampler 

i t was placed together w i t h the ' T u f n a l ' core (s ) 

r e t a i n i n g i t i n an aluminium con ta ine r . A second core 

was placed i n the same conta iner so tha t the v e g e t a t i o n 

surfaces were i n contac t . I n t h i s way the escape o f 

Collembola i n t o the can was prevented, a l though movement 

could take place between cores; i t was assumed t h a t i f 

t h i s took place a t a l l i t would not g ive r i s e to any 

appreciable e r r o r as the p r o b a b i l i t y o f movement i n e i t h e r 

d i r e c t i o n would be equal , a l though the standard e r r o r 

could poss ib ly be a f f e c t e d by such movement. 

The sample was taken back to the l a b o r a t o r y i n 

t h i s way, and the f i r s t e x t r a c t i o n normal ly began w i t h i n 

s i x hours of c o l l e c t i n g i t . The sample u n i t s t o be 

ex t rac ted l a t e r were stored a t k°C. u n t i l r e q u i r e d . 

When loading the s o i l cores i n t o the e x t r a c t o r , 

6 cm. cores were cut i n h a l f by means o f a k n i f e ; the 

upper surface ( i e . the upper surface i n r e l a t i o n t o the 

o r i g i n a l o r i e n t a t i o n i n the f i e l d , but lower sur face 

dur ing e x t r a c t i o n ) o f the 3-6 cm. par t o f a core was 

scratched to counteract the e f f e c t o f sea l ing the pores 

caused by c u t t i n g w i t h a k n i f e . 

A l l s o i l cores were weighed before i n t r o d u c i n g 

them to the e x t r a c t o r , and aga in a f t e r d r y i n g them t o 

constant weight (see page XL), i n order to o b t a i n data 
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on s o i l water content . 

6) The s o r t i n g and count ing process. 

Each can removed f rom the h i g h g rad ien t c y l i n d e r 

e x t r a c t o r contained the Collembola f rom one core 3 cm. i n 

depth . A l c o h o l was added t o the water i n the cans and 

the Collembola were thus preserved f o r coun t ing . For 

count ing purposes the contents o f each can were poured 

i n t o a p e t r i d i sh o f 10 cm. diameter , the bottom o f which 

had been squared i n cent imetres , us ing a diamond p e n c i l . 

Collembola were s y s t e m a t i c a l l y removed f r o m 

the d i sh by means o f a minute spa tu la , f i r s t f rom the 

su r face , then f rom the bottom and f i n a l l y f r o m around 

the edge of the d i sh- The whole area o f the d i s h was 

thus covered t w i c e , and i n d i v i d u a l s caught i n the meniscus 

were recovered by the f i n a l search o f the edge o f the d i s h . 

^ e Collembola were t r a n s f e r r e d to a watch glass c o n t a i n i n g 

a few drops o f water forming a convex meniscus. Touching 

them onto the water surface r e s u l t e d i n t h e i r removal f r o m 

the spatula and they s l ipped down the convex sur face o f 

the meniscus t o arrange themselves on the per imeter o f the 

c i r c l e o f water . 

A s i ng l e r a d i a l l i n e was scratched on the bottom 

of the watch g lass , and s t a r t i n g f rom t h i s the Collembola 

were counted by r o t a t i n g the watch glass under a b i n o c u l a r 

microscope. Each species was counted separa te ly . 
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As a check on the method o f count ing three r e 

counts were made on the sample u n i t s f rom a s i n g l e 

e x t r a c t i o n ( c o l l e c t e d 1^-11-60), u n t i l the same numbers 

were obtained i n d i f f e r e n t counts . Table 6k shows a 

comparison o f the f i g u r e s obta ined f rom i ) the normal 

count and i i ) checks made by record ing each i n d i v i d u a l 

as removed. I t can be seen f rom t h i s t a b l e t ha t no 

s i g n i f i c a n t e r ro r s a r i s e f rom the count ing process. 
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I I . HORIZONTAL DISTRIBUTION 

l ) I n t r o d u c t i o n . 

JLndrewartha and B i r c h (195W have po in ted out 

tha t most animal populat ions are d i s t r i b u t e d non-randomly, 

and tend to patchiness i n t h e i r d i s t r i b u t i o n r * i e r than 

over -d i spers ion- E l t o n (19*+9) has s ta ted tha t no 

h a b i t a t i s homogeneous, and c l e a r l y he te rogene i ty o f the 

h a b i t a t i s l i k e l y to be r e f l e c t e d i n the patchy 

d i s t r i b u t i o n o f animals . Thus, i n a h a b i t a t as h e t e r o 

geneous as the s o i l , patchiness i s to be expected i n the 

d i s t r i b u t i o n of the animals l i v i n g i n i t . S tudies on 

the h o r i z o n t a l d i s t r i b u t i o n o f micro-ar thropods have 

shown t h i s t o be the case. Glasgow (1939) , Macfadyen 

(1952, 1957), Raw (1956), Hughes (1958), Kaczmarek (1960), 

Haarlov (1960) and Poole (1961) have a l l found t h a t micro-

arthropods tend to be aggregated i n the s o i l . 

Glasgow (1939) took samples i n p a i r s so t ha t the 

edge o f one sample touched the edge of the o t h e r . 

Comparing the var iance between p a i r s w i t h the var iance 

w i t h i n p a i r s , the former was found to be much the g rea t e r , 

i n d i c a t i n g an aggregated p o p u l a t i o n ; t h i s was shown i n 

f o u r species, Onychiurus armatus, 0* ambulans. T u l l b e r g i a 

quadrispina and T. k rausbauer i . Macfadyen (1952) found 

i n d i c a t i o n s o f aggregat ion i n Fplsomia quadr iocu la t a 

f r o m comparison o f pa i red samples, but concluded t h a t 
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there was a very u n i f o r m d i s t r i b u t i o n o f micro-a r th ropods 

w i t h i n each p lan t type examined. Kaczmarek (1960) 

de f ined the degree of aggregat ion by the percentage o f 

samples i n which the number o f i n d i v i d u a l s was less than 

the mean, w h i l s t Haar lov, (1960) and Poole (1961) detected 

aggregat ion by the use o f the c o e f f i c i e n t o f d i s p e r s i o n 

(Sa l t and H o l l i c k 19^6). 

The sizes o f aggregations o f Collembola have been 

estimated by Glasgow (1939); 0. armatus aggregat ions were 

found to be between 3 i n . (7«6 cm.) and 12 i n - (30.5 cm.) 

i n diameter, w h i l s t i n 0. ambulans^ T. quadr isp ina and 

T . krausbaueri the diameter was grea ter than 12 i n . 

Banage (1960) quotes three methods f o r the study o f 

aggregat ion i n s o i l animals: 

i ) Complete enumeration o f a l l animals t o a known 

depth f o l l o w e d by mapping t h e i r p o s i t i o n s . 

i i ) Use o f the ' t i e l i n e ' technique o f Hughes (1958), 

where pa i red samples are taken, one o f which i s taken a t 

random and the o ther i s ' t i e d 1 to i t by a f i x e d d i s t ance ; 

t h i s i s a development o f the type o f method used by 

Glasgow (1939)* 

i i i ) The ana ly s i s o f r e s u l t s o f random sampling. 
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Since t h i s work was not designed t o produce 

i n f o r m a t i o n on the s p a t i a l d i s t r i b u t i o n o f Collembola 

the only data a v a i l a b l e are f r o m random sampling. No 

i n f o r m a t i o n on the s ize and poss ib le d i s t r i b u t i o n o f 

aggregations can be der ived f r o m t h i s , but an a n a l y s i s o f 

the a v a i l a b l e data i s u s e f u l i n t ha t i t could show the 

presence o f aggregat ions. 

2) The importance o f the sample u n i t s i z e . 

Sample u n i t s may be e i t h e r too la rge o r too smal l 

t o i n d i c a t e the presence o f aggregations w i t h i n a 

popu la t ion ; t ha t i s to say a g iven sample u n i t may conta in 

more than one aggregat ion or on ly a s i ng l e i n d i v i d u a l 

(or none) , and thus there e x i s t s f o r any p o p u l a t i o n an 

optimum sample u n i t s ize f o r de t ec t ing aggrega t ion . 

Greig-Smith (1952) has emphasised the importance o f the 

quadrat size i n s tudying the d i s t r i b u t i o n o f p l a n t s , and 

by random throws o f coloured d iscs has shown tha t a s i n g l e 

quadrat size i s not s u f f i c i e n t t o determine the randomness 

or otherwise o f the d i s t r i b u t i o n o f a species. Cottam et 

a l (1957) have a l so emphasised tha t any c o n s i d e r a t i o n o f 

aggregat ion must be c l o s e l y t i e d to the ques t ion o f the 

area o f the sample u n i t i n v o l v e d . 

W h i l s t a g iven sample s ize may i n d i c a t e t h a t a 

popu la t ion i s d i s t r i b u t e d randomly, f o l l o w i n g a Poisson 
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expectation, t h i s may not necessarily be the state of 
a f f a i r s w i t h i n the population. However, i f a given 
sample size detects aggregation, t h i s i s a r e a l phenomenon, 
and aggregation exists w i t h i n the population. 

3) The detection of aggregation by random sampling, 
a) The Coefficient of Dispersion. 
Salt and Ho l l i c k (19^6) introduced Fisher 1s 

Coefficient of Dispersion to t h e i r analysis of the 
d i s t r i b u t i o n of wireworm populations. The c o e f f i c i e n t 
may be expressed by the following formula: 

where x i s the number of individuals from each sample u n i t , 
x i s the mean value of the sample uni t s and n i s the 

2 

number of sample u n i t s . S i s the variance. 
This i s , i n f a c t , the r a t i o of the variance to the mean; 
when t h i s i s equal to uni t y there i s a random or Poisson 
d i s t r i b u t i o n ; when i t i s < 1 there i s an even d i s t r i b u t i o n 
or over-dispersion; and when i t i s >1 there i s aggregation 
or under-dispersion. 

The significance of the divergence of the 
co e f f i c i e n t of dispersion from u n i t y i s regarded as 

C D 
2(x - x ) 2 S or x(n - 1) x 
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s i g n i f i c a n t i f i t exceeds: 

i i 2 I 2 n 

N/ (n - l ) 2 

where n i s the number of sample u n i t s . 
I n t h i s work, where samples of 15 u n i t s were used, the 
value of t h i s i s 1 1 0.793j and where 30 u n i t s were 
used 1 ± 0.531*-

The coef f i c i e n t s of dispersion were xrorked out 
f o r Collembola from three d i f f e r e n t s o i l types and i n 
almost a l l cases i t was found to be greater than u n i t y f o r 
separate species (Tables 65-67)• For the t o t a l Collembola 
the CD. was greater than uni t y i n a l l cases. 

From these data i t can be seen that the d i s t r i 
bution does not foll o w a Poisson expectation, and that 
there i s a marked aggregation or under-dispersion of both 
indiv i d u a l species and t o t a l Collembola. Haarlov (1960), 

using the same sample unit size as i n t h i s work, obtained 
much smaller values f o r the CD. of in d i v i d u a l species of 
Collembola; however, i t i s r i g h t l y pointed out that due 
to the scarcity of data (too few samples were taken) the 
conclusion that there i s a random dispersion must be 
viewed with caution. Poole (1961) obtained values of 
CD. (termed by t h i s author 1 r e l a t i v e v a r i a n c e 1 ) , s i m i l a r 
to those i n the present work. 
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Table 66. C o e f f i c i e n t s of Dispersion f or Collembola from 
A l l u v i a l Grassland 1960-61. 

Species 

Date 

2.5-60 

6.6.60 

4.7-60 
25.7.60 
29.8.60 
26.9.60 
24.10.60 

14.11.60 

16.1.61 
13-2.61 
13-3-61 
10.4.61 
8.5-61 

Average 

CO 

2 
•H 
O 

o 

CO 

I 
B 
O 
O 
*4 

4.12 

5-43 
6.53 
2.14 

2.35 
4.26 

8.90 

12.48 

9.29 

7.48 
3-62 

3-07 

2.16 

CD 
CO 
CD 
•H 

CO 
«H 
r-4 
• H 
X) 
rH 
•H 
S 

1.44 

2.15 

2.69 
1.01 

2.40 
2.96 

1.86 

4.92 

2,70 

4.62 

4.17 

2.51 

1.36 

•a 
CD 

X2 
rH 
r-4 
0 

EH 

co 

i 
10.08 
14.24 

3-36 
7-34 

12.89 

14-37 
8.20 

10.36 
10.00 

19.52 

10.33 

5.54 

3.46 

to 

•H 

o 
o 
to 

1+.05 

4-59 
3. Ik 

3-98 
2.50 

2.24 
1.02 
2.79 
1.91 
1.93 
2.27 
0^1 

3.38 

a 

o to h i 

3.52 

3.15 

4-94 

1.93 

4.82 

7-63 

1.07 

5.65 

6.49 
3.24 
0.91 
1.09 

•H 

o 
CO 

r-H 
O 

•H 
CD 

o 

A 
o a 
ro a 

P 

co 

7-89 

5-18 

10.62 

16.82 

6.52 

8.93 

7.05 

2.73 

2.85 

4.27 

7.22 

12.38 

8.57 

3-07 

4.21 

1.47 

1.62 

o^2Z 

3.95 

2.39 

2.14 

1.16 

ro 
1-1 

O 

-a 
t-i <i> 
Cd ft +5 .-4 o o 

E H O 

7-97 

9.21 

5-48 
12.10 

16.17 

16.37 

11.20 

12.19 

13.09 
17.62 

9.44 

10.08 

28.17 

5.53 2.68 9-98 2.67 3.53 7.77 2.23 13.01 

Note. 15 unit samples were c o l l e c t e d on a l l dates except 
those above the dotted l i n e , when 30 u n i t samples were taken. 
C o e f f i c i e n t s of dis p e r s i o n which do not show s i g n i f i c a n t 
aggregations are underlined. 
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Table 67. Coefficients of Dispersion f o r Collerabola 
from Heather l i t t e r s i t e , 1961-

Species 
Date 

Friesea 
m l r a b i l i s 

Isotoma 
s e n s i b i l i s 

Folsomia 
brevicauda 

Total 

23.1 5-87 3.30 11+.82 12.11 

20.2 1.6? 8.59 IO.38 15.70 

18.3 3-95 ^.51 30. 27.60 
I8.it 0.8? 2.81 2k.kk 19.11 

lk.5 k.23 8.07 37.51 25-02 

5.6 1.81 8.06 6.k2 9.31 

5-7 1.28 9.12 8.97 1.21 

28.7 2.81 6.98 12.12 12.10 

28.8 5-32 2-57 22.35 21.20 

25.9 2.1+0 3.90 12.89 10.27 

23.10 1.91 5-57 15.26 9-1+5 

22.11 1.79 2k. 96 23.68 

11.12 3.kk k.19 1+6.15 1+2.2!+ 

Average 2.87 5-63 20.52 17.62 

Note. 15 unit samples were collected on a l l dates. 
Coefficients of dispersion which do not show 
sig n i f i c a n t aggregations are underlined. 

http://I8.it
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Table 68. Coefficients of Dispersion f o r Coliembola from 
other sampling si t e s . 

A. Hagg l i p . (15 u n i t samples). 

Species Tetracanthella Isotoma Friesea Folsomia Total 
D a t e wahlgreni sensibilis mlrabilis brevicauda Collembola 

16.5.60 3-29 5.70 1.98 3.9^ 1+.67 

27.2.61 20.31 6.97 12.20 1.30 29.5*+ 

29.5-61 30.29 15.05 2.58 21.45 36.56 

5-9.61 23-63 1H.95 1.52 19. hi 18.18 

1+-12.61 21.96 31.61+ - k6.30 59.72 

Average 19.90 Ik. 86 k.57 18.U8 29.73 

B. Hummock top. (15 u n i t samples). 

Species Isotoma Friesea Folsomia Anurida Total 
Date sensibilis mirabilis brevicauda pygmaea Collembola 

16.5.60 5-16 1.72 11.19 l.<pk 11+.25 

27-2.61 9."+2 1.27 55-78 1+-39 59.03 

29.5.61 3-1+2 1.12 1.95 23.27 11.01+ 

5.9.61 19-91 O.98 5-92 5.14 13.80 

if.12.61 3-H1 2.00 Ik. 69 - 11-59 

Average 8.27 1.1+2 17-91 8.61+ 21.9!+ 

Note. Coefficients of dispersion which do not show 
si g n i f i c a n t aggregations are underlined. 

cont'd, over/ 



Table 68 (continued)• 

C. Juncus squarrosus. (15 u n i t samples). 

Species 
Date 

7.3-60 
9-5.60 

20.2.61 
14.5.61 
23.8-61 

11.12.61 

Friesea 
m i r a b i l i s 

7.40 

2.76 

5.08 

4.72 

3.37 

4.29 

Isotoma 
s e n s i b i l i s 

3*22 

3-19 

1.90 

1.24 

1.15 

2-35 

Total 
Collembola 

7.15 

2.91 

16.56 

15-69 

1.59 

4.04 

Average 4.77 2.53 7«99 

Note. Coefficients of dispersion which do not show 
s i g n i f i c a n t aggregations are underlined. 
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b) The frequency d i s t r i b u t i o n . 
The study of the frequency d i s t r i b u t i o n of the 

sample un i t values has been approached from two s l i g h t l y 
d i f f e r i n g points of view, due to the types of data available: 

i . For the sample un i t values of t o t a l Collembola on 
a given s o i l type comparison i s made with the normal 
d i s t r i b u t i o n curve; t h i s i s possible as no values of 0 

occur i n the sample u n i t values- Here the sample u n i t 
values are grouped i n t o frequency d i s t r i b u t i o n s round t h e i r 
i n d i v i d u a l means, with multiples of the standard deviations 
as the class boundaries. The mean value i s taken as zero, 
sample units smaller than the mean being indicated by 
negative S.D. classes and sample u n i t s larger than the 
mean by positive S.D. classes. The data f o r the three 
main sampling sites i s shown i n Tables 69? 70 and 71- I n 
a l l three cases there i s a s i g n i f i c a n t difference from the 
expected normal d i s t r i b u t i o n * 

I t can be seen that the d i s t r i b u t i o n s are skewed 
i n a l l three cases, there being an excess of small negative 
deviates and large positive deviates. This i s a t y p i c a l 
frequency d i s t r i b u t i o n where aggregation occurs w i t h i n a 
population (see Poole 1961), where most sample u n i t s are 
from areas of r e l a t i v e l y low density but some sample u n i t s 
are from high densities. O'Connor (1957)? Peachey (1959) 

and Banage (1960) have found similar skewed d i s t r i b u t i o n s 
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Table 69. Frequency d i s t r i b u t i o n of sample u n i t values 
about the mean (0). Limestone Grassland 1960-61. 

S.D. 
+k Classes -3 -2 •1 0 +1 +2 +3 +k 

Date 
29o2.6C 0 2 16 7 5 0 0 0 
28.3*60 0 3 13 10 3 1 0 0 
25->+.60 0 3 l»t 9 3 0 1 0 
23-5-60 0 k 13 8 3 2 0 0 
27-6.60 0 3 15 8 3 0 1 0 
18.7-60 0 5 10 10 5 0 0 0 
22.8.60 0 3 2 6 k 0 0 0 
26-9-60 0 2 7 It 2 0 0 0 
2^.10-60 0 3 6 2 k 0 0 0 
1A.11.60 0 2 7 1+ 1 1 0 0 
28.11.60 0 1 8 l+ 1 1 0 0 
16.1.61 0 3 5 6 0 1 0 0 
13-2.61 0 2 7 2 k 0 0 0 
13.3*61 0 3 5 1 1 0 0 
16-H..61 0 3 1 6 2 0 0 0 
8.5.61 0 2 6 5 l 1 0 0 
5.6.61 0 k 2 7 2 0 0 0 
5-7.61 0 2 7 1+ 1 1 0 0 
28.7-61 0 2 6 k 3 0 0 0 
23.8.61 0 2 8 3 1 1 0 0 
25.9-61 0 2 6 2 0 0 0 
23-10.61 0 1 11 1 0 2 0 0 
22.11.61 0 k 2 8 1 0 0 0 
11.12.61 0 3 3 7 2 0 0 0 

Total 0 6k 179 136 12 2 0 
(Observed) / 

Theoretical 
t o t a l 10 61 152 152 61 10 

10.0 0.1 1+.8 1-7 0.8 1.6 
Total = 19.0 d.f. = 5 p<o.o5 

+ 5 
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Table 70. Frequency d i s t r i b u t i o n of sample u n i t values 
about the mean (0). A l l u v i a l Grassland 1960-61. 

S.D. 
classes -3 -2 -1 
2.5.60 0 5 11 
6.6.60 0 2 18 
4-7-60 0 3 4 
25-7.60 0 2 9 

29.8.60 0 0 10 
26.9.60 0 1 8 
24-10-60 0 4 3 
14.11.60 0 3 4 
16.1.61 0 2 7 

13.2.61 0 2 7 

13.3.61 0 1 11 
10-4.61 0 1 7 

8.5-61 0 0 11 

Total 0 26 110 
(observed) 
Theoretical 
t o t a l 5 31 77 

5.0 0.8 14-1 

Total " X * = L f 2 ' 2 

+1 +2 +3 +1+ + 5 

10 2 2 0 0 

4 3 3 0 0 

5 3 0 0 0 

2 1 l 0 0 

3 1 1 0 0 

2 3 l 0 0 

6 2 0 0 0 

6 2 0 0 0 

3 2 l 0 0 

4 1 1 0 0 

1 1 1 0 0 

5 1 1 0 0 

3 0 0 1 0 

54 22 1 0 

77 31 5 

6-9 2.6 12.8 

d.f. = 5 P< 0.001 
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Table 71. Frequency d i s t r i b u t i o n of the sample u n i t 
values about the mean (0) . Heather l i t t e r 1961. 

S.D. 
classes -3 -2 -1 0 +1 +2 +3 +4 +5 

23.1.61 0 2 6 2 2 0 0 0 
20.2.61 0 0 10 3 1 1 0 0 
18.3.61 0 0 9 4 1 0 1 0 
18.4.61 0 0 10 3 1 1 0 0 
14.5-61 0 0 10 4 0 0 1 0 
5.6.61 0 1 9 3 1 1 0 0 
5.7.61 0 1 7 3 4 0 0 0 
28.7.61 0 2 6 2 5 0 0 0 
28.8.61 0 0 10 1 3 1 0 0 
25.9.61 0 2 7 4 1 1 0 0 
23.10.61 0 2 5 5 2 1 0 0 
22.11.61 0 0 11 4 0 0 1 0 
11.12.61 0 0 10 3 1 1 0 0 

Total 
(Observed) 

0 
V . . . 

10 110 41 22 7 3 
i 

Theoretical 
t o t a l 31 

14.2 
66 

29.3 
66 
9-5 

31 
2.6 

Total X * = 55.6 d.f. = 3 P<0.001 
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i n enchytreids and nematodes. The data presented here 
show the t o t a l Collembola to be aggregated i n a l l the s o i l 
types considered. 

i i - For sample un i t values of i n d i v i d u a l species, 
where a number of sample units contained no i n d i v i d u a l s , 
comparison of the d i s t r i b u t i o n was made with a Poisson 
frequency. I n a l l cases examined the d i s t r i b u t i o n of 
in d i v i d u a l species was found not to follow a Poisson 
d i s t r i b u t i o n . An excess of both low and high values was 
found, as compared with the Poisson expectation- This 
indicates aggregation of i n d i v i d u a l s , as i n the case of the 
d i s t r i b u t i o n of t o t a l Collembola. 

h) The s t a t i s t i c a l treatment of the data. 
Since the raw data provided here show the sample 

uni t values do not follow a normal d i s t r i b u t i o n , a 
transformation of the data i s indicated before using normal 
d i s t r i b u t i o n s t a t i s t i c s . Quenouville (1950) has shown that 
when the variance (or standard deviation) increases w i t h 
the mean, a logarithmic transformation i s the most suitable; 
Fig, 25 shows t h i s to be the case f o r the data concerning 
t o t a l Collembola on Limestone grassland- However, since 
the use of normal d i s t r i b u t i o n s t a t i s t i c s on the raw data 
would tend to mask small differences rather than demon
st r a t i n g differences which did not occur, no transformation 
has been made i n t h i s work; i t was considered that errors 



Graph showing the relationship between the mean 
and the standard deviation i n samples from Limestone 
grassland collected during 1960 and 1961- The l i n e 
was f i t t e d by eye. 
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a r i s i n g , p a r t i c u l a r l y from the extraction technique, 
would be s u f f i c i e n t l y large not to j u s t i f y the transformation. 

5) The b i o l o g i c a l significance of aggregation. 
Cole (19^6) had advanced the hypothesis that w h i l s t 

i n d i v i d u a l organisms occur clumped i e . i n aggregations, 
11.... each group may be r e l a t i v e l y or e n t i r e l y independent 
of a l l similar groups and, therefore, (the groups are) 
randomly d i s t r i b u t e d " . Considering a population 
consisting of several species, i n which the i n d i v i d u a l 
species are known to be aggregated, random d i s t r i b u t i o n of 
the t o t a l population would be expected i f the above state
ment were true. That i s to say that aggregations of any 
one species would be d i s t r i b u t e d at random with respect to 
an aggregation of any other species. The c o e f f i c i e n t of 
dispersion and the d i s t r i b u t i o n of sample u n i t values with 
respect to a normal d i s t r i b u t i o n , show marked aggregation 
f o r t o t a l Collembola, which suggests aggregation of more 
than one species at a given centre. Poole (1961) points 
out that i f t h i s were not so the d i f f e r e n t species 
aggregations would tend to balance each other out and thus 
would result i n a t o t a l d i s t r i b u t i o n that was almost random. 
Thus i t can be concluded that d i f f e r e n t species of Collembola 
tend to aggregate about the same centre of aggregation. 

Two p o s s i b i l i t i e s are evident to explain the 
formation of aggregations i n s o i l micro-arthropods: 
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i . Aggregations r e s u l t from the slow d i s p e r s i o n of 
i n d i v i d u a l s from an egg batch. 

i i . Aggregations r e s u l t from the coming together of 
i n d i v i d u a l s a t , a) a food source, or b) as a r e s u l t of 
being a c t i v e l y gregarious. 

Evidence of aggregation r e s u l t i n g from egg batches 
i s provided by rare species which are found aggregated. 
For example i n sample u n i t s from heather l i t t e r , o n l y 2 
of 196 contained the species Willowsia buski; of these, 
one sample u n i t contained 12 i n d i v i d u a l s , the other a s i n g l e 
one. A l l i n d i v i d u a l s were near-adults of the same s i z e , 
and i t seems probable that the aggregation was the r e s u l t 
of an egg batch ra t h e r than the coming together o f 
i n d i v i d u a l s , as the species i s rare on t h i s s o i l type. 

Other aggregations are c l e a r l y the r e s u l t of more 
than one egg batch; t h a t i s t o say, the animals have come 
together, as the numbers f a r exceed those of the l a r g e s t 
egg batch recorded. For example 210 i n d i v i d u a l s of 
Tetracanthella wahlgreni, 39 Isotoma s e n s i b i l i s amd 218 
Folsomia brevicauda ( t o t a l ^67), were counted i n a s i n g l e 
sample u n i t from the hagg l i p zone on k December, 1961. 

Poole (1961) has attempted t o show t h a t aggregations 
of Collembola are not r e l a t e d to egg c l u s t e r s , by comparing 
the egg-batch size of three species w i t h t h e i r c o e f f i c i e n t s 
of dispersion. The c o e f f i c i e n t of dis p e r s i o n v a r i e s 
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i n v e r s e l y w i t h the egg batch size i n a l l three cases. 
However, comparison w i t h the data obtained during the 
present work (Table 72) shows no cl e a r c o r r e l a t i o n , so 
tha t i t i s concluded that there i s no evidence t o suggest 
t h a t aggregations do not a r i s e as a r e s u l t of egg batches 

Table 72. Comparison of egg batch size and c o e f f i c i e n t 
of d i s p e r s i o n . 

Species 

T u l l b e r g i a 
krausbaueri 

Qnychiurus 
procampatus 

Isotoma 
s e n s i b i l l s 

Isotoraa 
n o t a b i l i s 

Isotomurus 
plumosus 

Egg batch 
size 

1-2 
5-5 ± 0.3 

k.7 - 0.2 

20.0 t 8.0 

6 - 1 0 

30 - 50 

C o e f f i c i e n t » „ 4 . u A » 4 f , , ^•p n 4 « n A « « i A * i A u t h o r i t y o i Dispersion * 

20.70 - 41.50 Poole (1961) 
2 .21 - 29.66 Hale 

0.81 - 12A8 Hale 

0.97 - 31.64 Hale 

21.50 - 38.20 Poole (1961) 

8.00 - 8.60 Poole (1961) 

Aggregation i n some cases appears t o r e s u l t from 
a c t i v e gregariousness, where swarming occurs on snow or on 
water surfaces, as described by Davies (1932) and Paclt(1956). 

Evidence f o r the overlapping of aggregations o f 
d i f f e r e n t species (or aggregations c o n s i s t i n g of d i f f e r e n t 
species) i s provided by p l o t t i n g the numbers of two 
d i f f e r e n t species i n i n d i v i d u a l sample u n i t s against each 
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other. I n F i g . 26 t h i s i s done f o r the two species 
occurring commonly on the hagg l i p zone, where species 
other than T. wahlgreni and F. brevicauda are uncommon. 
There i s a marked tendency f o r h i g h numbers of each species 
to occur together, thus i n d i c a t i n g i n t e r s p e c i f i c aggregation. 

Whilst the a v a i l a b l e data casts l i t t l e l i g h t on the 
ac t u a l formation of aggregations, i t at lea s t demonstrates 
t h e i r existence, and thus supports the f i n d i n g s of e a r l i e r 
workers. The f a c t that aggregations e i t h e r overlap, or 
contain more than one species, suggests the coming together 
of i n d i v i d u a l s a t a food source or s i m i l a r m icro-habitat 
i n which optimum conditions p r e v a i l . However, no support 
can be given t o the contention of Haarlov (1960) t h a t the 
b e t t e r the locomotary organs are developed, the less 
aggregated i s the d i s t r i b u t i o n of the species i n question. 
The average c o e f f i c i e n t s of di s p e r s i o n f o r Folsomia 
manolachei (10.20) and Isotoma s e n s i b i l i s (2-93) (Table 65) 

which are very a c t i v e species are r e l a t i v e l y h i g h , and the 
data do not suggest a lesser degree of aggregation than i s 
found i n any of the species w i t h poorly developed loco
motary organs, eg. Onychiurus procampatus ( 3 ^ 6 ) , 

T u l l b e r g i a krausbaueri (10.D7)• 



F i g . 26 

The r e l a t i o n s h i p between the numbers of T e t r a c a n t h e l l a 
wahlgreni and Folsomia brevicauda occurring i n the same 
sample u n i t s from the Hagg l i p zone- There i s a marked 
tendency f o r high numbers of each species t o occur 
together, which suggests aggregation of the two species 
about the same centre. 



Fig-
Relationship between the numbers of two 
species occurring in the same sample units. 
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I I I . VERTICAL DISTRIBUTION 
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I I I . VERTICAL DISTRIBUTION 
1) I n t r o d u c t i o n . 

Macfadyen (1957) has commented upon the f a c t t h a t 
l i f e tends t o be concentrated where two phases meet, 
because of the photo synthetic demands of the p l a n t s which 
form the primary food source. From the point of view of 
the s o i l micro-arthropods t h i s has been demonstrated 
adequately by the i n v e s t i g a t i o n s of Glasgow (1939), A g r e l l 
(19^1), G i s i n (19^3), Nielsen (19^9)> Schaller (19^9), 

van der D r i f t (19$Dj Murphy (1953) > B e l l i n g e r (1951*) > 

Kuhnelt (1955) and Poole (1961), who have shown t h a t the 
highest d e n s i t i e s occur i n the upper layers of the s o i l . 
Other authors have c o r r e l a t e d the depth d i s t r i b u t i o n and 
size of micro-arthropods w i t h the s t r u c t u r e of the s o i l 
i n which they have been c o l l e c t e d . Schimitschek (1938), 

S t o c k l i (19^6), Weis-Fogh (19^8), Kuhnelt (1950), Macfadyen 
(1952), E l t o n and K i l l e r (195W, Haarlov (1955, 1961), 

Murphy (1955) and Klima (1956) have considered micro-
arthropods i n r e l a t i o n to s o i l s t r u c t u r e , and have shown 
t h a t the highest d e n s i t i e s occur where the pore spaces are 
l a r g e s t . According t o Haarlov (1955)? the c a v i t y size 
decreases w i t h depth i n mineral s o i l s , and thus the r e s u l t s 
obtained again show high d e n s i t i e s i n the upper la y e r s of 
the s o i l . 
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During the course of t h i s work i t was found t h a t 
on peat s o i l s Collembola u s u a l l y d i d not occur a t a depth 
greater than 3 cm., i e . they d i d not occur below the 
decomposition l a y e r , i n the peat proper. This was due 
mainly t o waterlogging, and apparently below t h i s depth 
pore spaces containing a i r are rare or absent; t h i s can be 
demonstrated by squeezing peat from the 3-6 cm. layer under 
water, when few or no a i r bubbles appear. Samples were 
taken on one occasion only ( A p r i l 1960) from the 3-6 cm. 
layer on the Heather l i t t e r s i t e , the Juncus squarrosus s i t e 
and from the bare peat s i t e ; Collembola were e n t i r e l y 
absent. On the two mineral s o i l s sampled, cores were 
r e g u l a r l y taken to a depth of 6 cm., and d i v i d e d i n t o two 
layers each 3 cm. deep. I n both these s o i l s , separation 
at t h i s l e v e l divided the core i n t o an upper layer 
containing the vegetation and the decomposition l a y e r , and 
a lower layer c o n s i s t i n g e n t i r e l y of mineral matter 
permeated by plant r o o t s . 

A l l the data contained i n t h i s s e c t i o n are from 
6 cm. cores, divid e d i n t o two 3 cm. l a y e r s , which were 
c o l l e c t e d from two types of mineral s o i l on Limestone 
grassland and A l l u v i a l grassland. 
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2) D i s t r i b u t i o n i n 0-3 cm. and 3-6 cm. l a y e r s . 
I n the samples c o l l e c t e d from the two d i f f e r e n t 

s o i l types i t was possible to determine the extent t o which 
d i f f e r e n t species penetrated i n t o the s o i l by counting the 
numbers i n each of the two l a y e r s . The data r e s u l t i n g 
from such counts are shown i n Table 73? and the f i g u r e s 
l i s t e d are f o r t o t a l numbers over a period of one year. 
Only the more abundant species are shown. 

As other workers have shown, the highest t o t a l 
d ensity of Collembola occurs i n the upper 3 cm. l a y e r . 
Some species, Anurida pygmaea, T u l l b e r g i a krausbaueri, 
T u l l b e r g i a d e n i s i * Folsomia b r e v i f u r c a and I s o t o m i e l l a minor 
have a higher density i n the 3-6 cm. l a y e r , and these are 
the t r u e s o i l forms- Friesea m i r a b i l i s and Onychiurus 
procampatus penetrate i n t o the lower l a y e r , but the m a j o r i t y 
of the Isotomidae and the Symphypleona are surface forms 
which only occasionally penetrate i n t o the 3-6 cm. l a y e r , 
probably by entering earthworm burrows, or a c c i d e n t a l l y 
during sampling. 

Sampling on the Limestone grassland s i t e was 
c a r r i e d out monthly over a period of two years, January 
1960 t o December 1961. I n Table 71* comparison i s made 
between the depth d i s t r i b u t i o n o f the species p e n e t r a t i n g 
i n t o the 3-6 cm. l a y e r , i n d i f f e r e n t years. Only those 
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Table 73. Depth d i s t r i b u t i o n of Collembola on mineral s o i l s . 

Limestone grassland 

Species 
1960 1961 

Friesea 
m i r a b i l i s 

Anurida 
pygmaea 

Onychiurus 
procampatus 

T u l l b e r g i a 
krausbaueri 

T u l l b e r g i a 
d e n i s i 

Folsomia 
manolachei 

Folsomia 
k-oculata 

Folsomia c f . 
b r e v i f u r c a 

Isotoma 
s e n s i b i l i s 

Isotoma 
v i r i d i s 

Isotoma 
n o t a b i l i s 

I s o t o m i e l l a 
minor 

Symphypleora 

T o t a l 
Collembola 

Nos. i n 
0-3 cm. 
3-6 cm. 
U6l 
391 

880 
3 ^ 

1059 
T382 

4117 
299 
261 

m 
103 
538 
13 

24 

422 
7 

9890 
360? 

% i n ,- Nos. i n % i n 
lower 0-3 cm« lower 
3 cm. 3_6 cm. 3 cm. 

22.3 

61.0 

27.8 

54.2 

6.8 

12.1 

^7-3 

2.7 

5.6 

2.4 

60.1 

1.6 

26.7 

896 
308" 

21 
93 

820 

484 
BT2 

2121 
232 
150 
12 

20 

411 
23 

108 
~8~ 
100 
2% 

211 14 
6048 
205l 

25.6 

5^.7 

24.2 

62.7 

9.9 

7-k 

73.3 

5-3 

4.2 

6.9 

73-^ 

1.9 

25.3 

A l l u v i a l grass 
land 1960-61 

Nos. i n % i n 
0-3 cm. lower 
3-6 cm. 3 cm. 

15.9 

55.0 

15.9 

42 .9 

86.8 

3-7 

0.0 

40 .0 

1.6 

4.0 

0.4 

50.3 

2.0 

25-7 

41 

450 
~80 

2482 
TBTT 

A 
33 

1328 
53 
11 
0 

21 

572 
9 

2^8 
10 

238 
1 

2 32 
235 

2301 
2572 
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Table 7k. Comparison of depth d i s t r i b u t i o n i n d i f f e r e n t 
years; Limestone grassland, 1961 and 1962. 

1961 X * 
f o r 1 

Nos. i n Nos.in degree P 
0-3 cm. 3-6 cm. of 
layer layer freedom 

Species 

Friesea 
m i r a b i l i s 

Anurida 
pygmaea 

Onychiurus 
procammtus 

T u l l b e r g i a 
krausbaueri 

Fplsomia c f . 
b r e v i f u r c a 

I s o t o m i e l l a 
minor 

T o t a l 
Collembola 

1960 

Nos. i n Nos. i n 
0-3 cm. 3-6 cm. 
layer layer 

1361 391 

32 50 

880 3^6 

1059 1382 

115 103 

395 595 

9890 360^ 

896 308 

77 93 

820 262 

kQk 812 

20 55 

100 276 

60^8 2051 

k.2l <0.05 

0.89 >0.30 

5.27 <0.025 

12.73 <0.001 

15-28 <0.001 

20.87 <0.001 

5.02 410.05 

Note. Comparison i s made between the samples taken i n two 
d i f f e r e n t years using 2 x 2 contingency t a b l e . Only those 
species occurring r e g u l a r l y i n the 3-6 cm. l a y e r , i e . where 
more than 10}b of the numbers occur below 3 cm., are 
considered. 



2kl 

species whose density i n the 3-6 cm. lay e r , exceeds 10% 

of the t o t a l are considered. With the exception o f 
Anurida pygmaea, there i s a s i g n i f i c a n t d i f f e r e n c e i n the 
depth d i s t r i b u t i o n i n the two years considered f o r a l l 
species, and f o r the t o t a l numbers of Collembola. During 
1961 Friesea m i r a b i l i s , T u l l b e r g i a krausbaueri, Folsomia 
b r e v i f u r c a and I s o t o m i e l l a minor occurred more commonly i n 
the deeper l e v e l , w h i l s t Anurida pygmaea and Onychiurus 
procampatus occurred more f r e q u e n t l y i n the 0-3 cm. layer 
than i n 1960. T o t a l Collembola occurred more commonly i n 
the 0-3 cm. layer i n 1960, but t h i s i s only j u s t s i g n i f i 
cant, and the d i f f e r e n c e i s between 26.7/* and 25»3#« 

The A l l u v i a l grassland s i t e was sampled monthly 
from May 1960 u n t i l May 1961, and i n Table 75 comparison 
i s made w i t h samples c o l l e c t e d on the Limestone grassland 
over the same period. With the exception of Anurida 
pygmaea there i s a s i g n i f i c a n t d i f f e r e n c e (which i s shown 
i n Table 75) between the two areas f o r a l l species 
concerned, and f o r t o t a l Collembola. This probably 
r e f l e c t s to some extent the l a r g e r size of the pore spaces 
i n the s o i l on the Limestone grassland, where, over the 
period concerned 28.3/* of the population occurred i n the 
3-6 cm. layer as compared w i t h 25-7$ on the A l l u v i a l 
grassland. 
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Table 75. Comparison of depth d i s t r i b u t i o n on Limestone 
grassland and A l l u v i a l grassland, May 1960 t o 

May 1961. 

Species 

Limestone 
grassland 

A l l u v i a l 
grassland X 

f o r 1 
Nos. i n Nos. i n Kos. i n Kos.in degree 
0-3 cm. 3-6 cm. 0-3 cm. 3-6 cm. of 
layer layer layer layer freedom 

Friesea 12^1 
m i r a b i l i s 

Anurida 39 
pygmaea 

Onychiurus 92k 
procampatus 
T u l l b e r g i a 1072 
krausbaueri 

Folsomia c f . 3k 
b r e v i f u r c a 

I s o t o m i e l l a 3*+*+ 
minor 

T o t a l 1036^+ 
Collembola 

1+09 

73 

387 

1̂ 55 

89 

6^0 

1+O87 

753 lk2 27 .23 <o.001 

kl 50 2.20 >o. 100 

1+50 80 kl.k8 ^0.001 

2̂ +82 1861 139 .5^ <0.001 

21 Ik 12.57 <0.001 

232 235 lkk.k3 < 0 . 0 0 1 

7301 2572 l i t . 6 8 ^ 0 . 0 0 1 

Note. Comparison i s made between samples taken on two 
d i f f e r e n t s o i l types during the same months, using a 
2 x 2 contingency t a b l e . Only those species oc c u r r i n g 
r e g u l a r l y i n the 3-6 cm. l a y e r , i e . where more than 10% of 
the numbers occur below 3 cm., are considered. 
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3) 1Lebensformen' and v e r t i c a l d i s t r i b u t i o n . 
G i s i n (19^3) constructed a c l a s s i f i c a t i o n o f l i f e -

forms, i n "which the h a b i t a t i n which the species l i v e s i s 
r e f l e c t e d to some extent i n the mo d i f i c a t i o n s of body form 
which the species possesses. An assessment of t h i s 
c l a s s i f i c a t i o n w i l l be made i n the l i g h t of the i n f o r m a t i o n 
l i s t e d i n Table 73* 

G i s i n 1 s system of l i f e - f o r m s of Collembola i s as 
fo l l o w s : 

A. Atmobios; l i v i n g i n the l a r g e r p l a n t s . 
8 + 8 eyes, f u r c u l a very long. 

B. Hemiedaphon; pigment w e l l developed; f u r c u l a 
of medium le n g t h . 

a) Hydrophil; l i v i n g on water surfaces. 
Mucro w i t h broad lamellae. 

b) Mesophil; l i v i n g i n the upper layers of the 
s o i l . 
Tennant h a i r pointed or clubbed. 

c) X e r o p h i l ; l i v i n g on bark, l i c h e n s and dry 
mossy areas. 
Several clubbed tennant h a i r s . 

C. Euedaphon; true s o i l dwellers. 

Eyes reduced or absent. Pigment absent 
except possibly on eye-patches. 

( T r a n s l a t i o n from G i s i n 19^3)• 
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The species l i s t e d i n Table 76 are regrouped 
according to Gisin*s c l a s s i f i c a t i o n of l i f e - f o r m s , i n 
Table 76. The percentage occurring i n the 3-6 cm. layer 
on the Limestone grassland (1960 and 1961) and the A l l u v i a l 
grassland are included, and i t can be seen t h a t there i s 
a close c o r r e l a t i o n between the l i f e forms and the v e r t i c a l 
d i s t r i b u t i o n . Those forms which possess w e l l developed 
eyes and pigment occur i n the upper layer (0-3 cm.) and those 
species without pigment and eyes occur mainly i n the lower 
layer (3-6 cm.) 

k) Seasonal v a r i a t i o n i n v e r t i c a l d i s t r i b u t i o n . 
I t has been shown th a t i n both mites and Collembola 

changes i n the v e r t i c a l d i s t r i b u t i o n of d i f f e r e n t species 
occur throughout the year (Volz 193*+* A g r e l l 193*+* 

Jacot 1936, 19^0, Glasgow 1939, Baweja 1939, S t r i c k l a n d 
19^7, B e l f i e l d 1956, Schweizer 1956 and S t o c k l i 1957). 

I n most cases t h i s i s i n t e r p r e t e d as a v e r t i c a l m i g r a t i o n 
during periods of adverse c l i m a t i c conditions i n the upper 
layers of the s o i l - Frenzel (1936) and D h i l l o n and 
Gibson (1962) found no evidence of seasonal changes i n 
v e r t i c a l d i s t r i b u t i o n . 

During the course of the present work the f a c t 
t h a t monthly sampJes were taken a t two l e v e l s made possible 
an analysis of the data from the point of view of seasonal 
v e r t i c a l d i s t r i b u t i o n . Only those species o c c u r r i n g 
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Table 76. C o r r e l a t i o n between G i s i n 1 s 'Lebensformen 1 

and v e r t i c a l d i s t r i b u t i o n . 

i n lower layer (3-6 cm.) of 
cores 

Limestone grassland t i a s l S n d 
1960 1961 g r a s s l a n a 

ATLiOBlOS Isotoma 
v i r i d i s 

Symphypleona 

5.6 

1-6 

h.l 

1-9 

k.Q 

2.0 

HEMIEDAPHON 
a) lieso p h i l 

Friesea 
m i r a b i l i s 

Anurida 
pygmaea 

Folsomia 
manolachei 

Folsomia 
^-oculata 

Isotoma 
n o t a b i l i s 

b)Xerophil Isotoma 

22.3 

61.0 

6.8 

12.1 

2.k 

2.7 

25.6 

5^7 

9-9 

7A 

6.9 

5-3 

15-9 

55.0 

3.7 

0.0 

O A 

1.6 
s e n s i b i l i s 

EUEDAPHON Onychiurus 27.8 
procampatus 

T u l l b e r g i a $k.2 
krausbaueri 

T u l l b e r g i a 
d e n i s i 

Folsomia c f . M+.3 
b r e v i f u r c a 

2^.2 

62.3 

73-3 

15.9 

k2.9 

86.8 

1+0.0 

I s o t o m i e l l a 
minor 60.1 7 3 ^ 50.3 



21+6. 

commonly i n both layers (0-3 cm. and 3-6 cm.) are 
considered, namely: Friesea m i r a b i l i s * Onychiurus 
procampatus, 0. tricampatus, T u l l b e r g i a krausbaueri and 
I s o t o m i e l l a minor* I n Figs 27 and 28 the numbers 
occurring i n the 3-6 cm. layer are p l o t t e d as a percentage 
of the t o t a l on each sampling date; the standard e r r o r 
of the mean i s also i n d i c a t e d . On both the Limestone 
grassland (1960, 1961) and the A l l u v i a l grassland, e a r l y 
summer and winter peaks occur, together w i t h autumn and 
spring minima; thus there i s a higher p r o p o r t i o n o f 
Collembola i n the lower layer during e a r l y summer and 
w i n t e r , i e . during periods of adverse weather co n d i t i o n s -
I n most cases the standard e r r o r s i n d i c a t e a s i g n i f i c a n t 
d i f f e r e n c e between the maxima and minima, and i t can be 
concluded that seasonal changes i n v e r t i c a l d i s t r i b u t i o n 
occur i n both s o i l types studied. Early summer and w i n t e r 
maxima f o r Collembola i n the lower layers of the s o i l have 
been recorded by Ford (1937), Glasgow (1939), Poole (1961) 

and D h i l l o n and Gibson (1962); w i n t e r maxima, only have 
been recorded by Strenzke (1951) and Macfadyen (1952) f o r 
both mites and Collembola* 

Whilst the evidence s t r o n g l y suggests a v e r t i c a l 
m i g r a t i o n i n order to avoid adverse c l i m a t i c c o n d i t i o n s 
i n the upper layers of the s o i l , i n summer and w i n t e r , i t 
i s possible t h a t these data show a d i f f e r e n t i a l m o r t a l i t y , 



Fig- 27 

V e r t i c a l d i s t r i b u t i o n of Collembola on the Limestone 
grassland during 1960 and 1961. Note the e a r l y summer 
and winter peaks i n the lower l a y e r , which suggests a 
v e r t i c a l m igration due to adverse conditions i n the 
upper layer. 



Limestone grassland 1960-61. 
Vertical distribution. 

Fig. 27 
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F i g , 28 

V e r t i c a l d i s t r i b u t i o n of Collembola on the A l l u v i a l 
grassland during 1960-61. The time scale i s d i f f e r e n t 
from that of F i g . 27- Note the e a r l y summer and wi n t e r 
peaks i n the lower l a y e r , which suggests a v e r t i c a l 
m i g r a t i o n due t o adverse conditions i n the upper l a y e r . 



Alluvial grassland 1960-61. 
Vertical distribution. 

Fig. 28. 
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or both t h i s and v e r t i c a l m i g r a t i o n . The data a v a i l a b l e 
do not permit analysis to show which p o s s i b i l i t y i s , i n 
f a c t , the case. 

5) A comparison of the v e r t i c a l d i s t r i b u t i o n o f 
Onychiurus procampatus and 0. tricampatus. 

0. procampatus and 0. tricampatus occur together i n the same 
sample u n i t s . The p o s s i b i l i t y t h a t these two members o f 
the Genus Onychiurus are conspecific has been considered 
elsewhere (page 1140, on both taxonomic and b i o l o g i c a l 
c r i t e r i a , and the data presented here on the v e r t i c a l 
d i s t r i b u t i o n of the two species adds e c o l o g i c a l evidence t o 
that already provided. 

Comparison of the t o t a l numbers of these two species 
i n separate l a y e r s , indicates a s i g n i f i c a n t d i f f e r e n c e i n 
t h e i r depth d i s t r i b u t i o n (Table 77). 

Table 77. Depth d i s t r i b u t i o n of 0. procampatus and 
0. tricampatus; t o t a l s f o r February 1960 t o December 1961. 

On both Limestone grassland and A l l u v i a l grassland 

Depth 
(cm.) 0. procampatus 0. tricampatus T o t a l 

0-3 738 618 1356 

3-6 113 352 *+65 
T o t a l 851 970 1821 

A = 126.2 1 P ^0 .001 
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I t i s possible that t h i s d i f f e r e n c e i s merely a r e f l e c t i o n 
of the d i f f e r i n g sizes of the two species, where the l a r g e r 
0* procampatus i s less able t o penetrate i n t o the s o i l . 
I t can be seen from F i g , 17a and b tha t the head capsule 
sizes of the l a s t four i n s t a r s of 0. tricampatus are 
exactly equivalent i n size t o the head capsules of the f i r s t 
f o u r i n s t a r s of 0. procampatus; the dimensions of the 
body of these i n s t a r s also coincide, so that i n s t a r s 1, 2, 

3 and k of 0. procampatus are equal i n size t o i n s t a r s 3> ^ 

5 and 6 of 0. tricampatus. Thus, comparison of the depth 
d i s t r i b u t i o n of the fou r i n s t a r s of equal dimensions should 
i n d i c a t e whether or not the v e r t i c a l d i s t r i b u t i o n i s a 
f u n c t i o n of the d i f f e r e n t sizes of the two species. The 
data i n Table 78 shows that there i s a s i g n i f i c a n t 
d i f f e r e n c e between the v e r t i c a l d i s t r i b u t i o n o f i n d i v i d u a l s 
of equivalent size, and thus a f a c t o r other than size must 
a f f e c t the v e r t i c a l d i s t r i b u t i o n of the two species i n 
question-
Table 78. Depth d i s t r i b u t i o n of i n d i v i d u a l s of s i m i l a r size 
i n 0. procampatus and 0. tricampatus; t o t a l s f o r February 
1960 t o December 1961. 

Depth 0. procampatus 0. tricampatus T o t a l 
(cm.) 
0-3 ^93 ^78 971 

3-6 68 26*+ 332 

T o t a l 561 7i+2 1303 

X*= 9^.5 d.f. = 1 P < 0.001 
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Comparison of the v e r t i c a l d i s t r i b u t i o n of the 
i n d i v i d u a l i n s t a r s i s made i n Table 79. The s i g n i f i c a n c e 
of the d i f f e r e n c e has been te s t e d by applying a 2 x 2 
contingency to the data, and t h i s i s i n d i c a t e d i n the Table. 
I t can be seen that there i s a s i g n i f i c a n t d i f f e r e n c e 
between the v e r t i c a l d i s t r i b u t i o n o f the two species during 
the f i r s t f i v e i n s t a r s , and thus an eco l o g i c a l d i f f e r e n c e 
occurs i n a d d i t i o n t o the taxonomic (morphological) and 
b i o l o g i c a l differences between 0. procampatus and 
0* tricampatus* 

Table 79« Comparison of the numbers of d i f f e r e n t i n s t a r s 
of 0. procampatus and 0* tricampatus i n the 0-3 cm. and 
3-6 cm. layers. Limestone grassland 1960-61. 

I n s t a r 
Species Layer 1 2 3 k 5 6 

Onychiurus 
procampatus 

0-3 cm. k6 181 110 151 90 

3-6 cm. 11 30 10 17 25 20 
Onychiurus 
.tricampatus 0-3 cm. 

3-6 cm. 
23 
20 

117 
68 

110 
66 

173 
91 

139 
83 

56 
2^ 

8.5 26.9 39-3 32.5 23.3 3.6 

P f o r 1 degree 
of freedom 

< 0.005 <:o.ooi <0.001 <0.001 <o.ooi <o.o5 
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IV. SEASONAL VARIATIONS I I I NUMBERS 
L) I n t r o d u c t i o n . 

P r i o r t o the work of Glasgow (1939)? p o p u l a t i o n 
studies of Collembola had been d i r e c t e d mainly at 
describing the f l u c t u a t i o n s i n large groups of species. 
Glasgow showed that d i f f e r e n t species reached maximum and 
minimum numbers at d i f f e r e n t times of the year, and thus 
the discrepancies (Table 80) r e s u l t i n g when the work of 
d i f f e r e n t authors was compared could be explained. Table 
80 summarises the work of previous authors, concerning the 
times of the year when peak populations of Collembola and 
mites occurred. Most workers found an autumn peak, w i t h 
low numbers i n summer, although -under a r c t i c c o n d i t i o n s , 
A g r e l l (19)+l) and Hammer (I9kk) obtained summer peaks, as 
d i d S t o c k l i (1957) i n Switzerland, and Poole (1961) i n 
Wales. B e l l i n g e r (195*+) found maxima at d i f f e r e n t times 
of the year f o r d i f f e r e n t species and i n t h i s way these 
r e s u l t s compare w i t h those of Glasgow. 

Since a l l work on the seasonal f l u c t u a t i o n s of 
Collembola has been l i m i t e d t o two years or l e s s , i t has 
been found d i f f i c u l t t o demonstrate a regular annual c y c l e . 

2) Sampling and the treatment of the data. 
I n the ea r l y stages of t h i s work, t h i r t y sample 

u n i t s were taken at random on each monthly sampling date. 



Table 80. Summary of previous work on seasonal abundance 
of Collembola. 

Peak populations 
Author Group 

a. S p r i n g b. Summer c.Autumn d.Winter 
Thompson 

(192*0 
T o t a l 
Arthropods - - - X 

Edwards 
(1929) 

T o t a l 
Arthropods - - Oct. -

Ford 
(1937) 

Collembola — — *~ Dec. 
-Feb. 

Ionescu 
(1932) 

Protura — — Oct. Jan. 

Frenzel 
(1936) 

Mites & 
Collembola X - Oct. Jan. 

Baweja 
(1939) 

Collembola - - Nov. — 

Glasgow 
(1939) 

Collembola A p r i l Oct- Dec. 

A g r e l l 
(I9kl) 

Collembola — X (Arctic) — — 

Hammer Mites & 
Collembola - X (Arctic) - -

Weis-Fogh 
(19^8) 

Mites & 
Collembola - - A -

Strenzke 
(19^9) 

Collembola - J u l y - Dec. 

Schaller 
(19^9) 

Collembola - - Oct.& 
Nov. 

Jan. 

Macfadyen 
(1952) 

Mites & 
Collembola - - - Jan. & 

Feb. 
SheaIs 

(1957) 
Mites & 
Collembola - - Oct. Dec. 

S t o c k l i 
(1957) 

Mites & 
Collembola - X - -

Poole 
(1961) 

Collembola - Aug, - Feb. 

D h i l l o n & Mites & 
Gibson(1962 Collembola May - Sept. -
X = season, but no month given. Spring = March t o May 
Summer = June t o Aug. Autumn = Sept. t o Nov. Winter = Dec. 

t o February. 
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As described e a r l i e r (page 9J10) t h i s was l a t e r reduced t o 
f i f t e e n u n i t s . Poole (1961) c a r r i e d out a l o g a r i t h m i c 
transformation of the data i n order t o minimise the 
e f f e c t s of large aggregations, and smoothed the curves 
f o r each species, and ' t o t a l Collembola 1 by ta k i n g 'running 
averages' of three samples. I n the present work the data 
are p l o t t e d on an a r i t h m e t i c scale (Figs 29 t o 31) and 
bimonthly averages are superimposed upon these (Figs 29a 

to 31a), i n order t o smooth the curves. The monthly 
data are given together w i t h the standard e r r o r of the 
mean f o r each sample. 

For the purpose of studying seasonal v a r i a t i o n s 
i n numbers, samples were taken as f o l l o w s : 

i . Limestone grassland; monthly samples f o r 
2k months (Feb. 1960 to Dec. 1961). On the f i r s t s i x 
occasions 30 u n i t samples were taken, and subsequently 
15 u n i t samples. The analysis i s of *+50 sample u n i t s . 

i i - A l l u v i a l grassland; monthly samples f o r 13 

months (May 1960 t o May 1961). On the f i r s t two occasions 
30 u n i t samples were taken, and subsequently 15 u n i t 
samples. The analysis i s of 225 sample u n i t s . 

i i i * Heather l i t t e r ; monthly samples f o r 13 months 
(Jan. 1961 t o Dec. 1961). A l l samples were of 15 u n i t s . 
The analysis i s of 193 sample u n i t s . 



F i g . 29-

Limestone grassland 1960-61. Seasonal v a r i a t i o n s 
i n numbers. The graphs give data f o r two complete years 
( h o r i z o n t a l a x i s ) . I t should be noted th a t scales of 
the numbers per square metre ( v e r t i c a l a x i s ) are not the 
same f o r a l l species? and tha t i n some cases the scales 
do not begin at 0. 



Limestone grassland 1960-61 
Seasonal vanahons in numbers 
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Fig. 29 
Limestone grassland 1960-61. 
Seasonal variaHons in numbers. 
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Fig 29* 
Limestone grossiond 1960-61. 
Seasonal vor<arons in numbers 
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Fig. 29 
Limestone grassland 1960-61. 
Seasonal variations in numbers. 
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Fig- 30. 

A l l u v i a l grassland 1960-61. Seasonal variat i o n s 
i n numbers. The graphs give data f o r one complete year, 
May 1960 to May 1961. I t should be noted that the time 
scale (horizontal axis) i s twice that of Fig, 295 and 
that the scales of the numbers per square metre ( v e r t i c a l 
axis) are not the same f o r a l l species; i n some cases 
the scales of the v e r t i c a l axis do not begin at 0. 



Alluvial grassland 1960-61 
Seasonal variations in numbers 
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Alluvial grassland 1960-61. 
Seasonal variations in numbers 
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Alluvial grassland 1960-61. 
Seasonal variations in numbers 
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Alluvial grassland 1960-61. 
Seasonal variations in numbers. 
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Fig. 31* 

Heather l i t t e r 1961- Seasonal variations i n 
numbers. The graphs give data f o r one complete year, 
January to December 1961- I t should be noted that the 
time scale (horizontal axis) i s twice that of Fig. 29 > 
and that the scales of the numbers per square metre 
( v e r t i c a l axis) are not the same f o r a l l species; i n one 
case the scale of the v e r t i c a l axis does not begin at 0. 



Fig 3 a. 
Heather litter 1961 
Seasonal variations in numbers. 
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Fiq. 31 
Heather litter 1961. 
Seasonal variations in numbers. 
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3) The analysis of the resu l t s of monthly sampling. 
On both Limestone grassland and A l l u v i a l grass

land the six commonest species were selected f o r study; 
other species occurred i n i n s u f f i c i e n t numbers. Fewer 
species occurred on the heather moor, and here only three 
species were present i n s u f f i c i e n t numbers to j u s t i f y 
an analysis of the data obtained. 

No obvious pattern could be seen i n the raw data, 
but the consideration of bimonthly averages reveals what 
appears to be a general pattern- The saw tooth e f f e c t 
of the graphs showing the raw data, which probably results 
from d i f f e r e n t extraction e f f i c i e n c i e s on d i f f e r e n t dates 
(see page i s smoothed, and spring and autumn peaks 
are apparent i n the t o t a l numbers of Collembola on 
Limestone grassland i n both 1960 and 1961; spring peaks 
are also present on A l l u v i a l grassland i n 1960 and 
Heather l i t t e r i n 1961. The time of occurrence of peak 
populations i n d i f f e r e n t species, from bimonthly averages 
of the data i s shown i n Tables 81 and 82. 

From the point of view of seasonal f l u c t u a t i o n s 
each species w i l l be considered separately: 

1. Friesea m i r a b i l i s . 
The early spring peak i n 1961 was probably due 

to the hatching of overwintering eggs, due to the high 
temperatures prevailing i n January and February 1961, 
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Table 81. The occurrence of peaks i n numbers of 
Cpllembola on mineral s o i l s at Moor House i n 1960; 

from bimonthly averages of the data i n Figs» 29a- and 30a. 

Species Sampling 
s i t e Year F M A M 

Month 
J J JS^JL 0_ 

Friesea 
mirabilis 

L.G. 
A.G. 

1960 

1960 

X 
X 

Onychiurus 
spp. 

L.G. 
A.G. 

1960 

1960 X 
X 
X 

Tullbereia 
krausbaueri 

L.G. 
A.G. 

1960 

1960 

X 
X 

Folsomia 
manolachei 

L.G. 
A.G. 

1960 

1960 

X 
X 

X 

Isotoma 
sensibilis 

L.G. 
A.G. 

1960 

1960 

X 
X 

Isotomiella 
minor 

L.G. 
A.G. 

1960 

1960 

X 
X 

Symphy-
pleona 

L.G. 
A.G. 

1960 

1960 

X 
X 

Total 
Collembo la 

L.G. 
A.G. 

1960 

1960 

X 
X 

X 
X 
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Table 82. The occurrence of peaks i n numbers of Collembola 
at Moor House i n 1961; from bimonthly averages of data i n 
Figs. 29a, -30a and 31a. 

Month 
Species S a s i t e n g Y e a r J^M A_Jtt J ^ A i l N l i 

Friesea L.G. 1961 x x 
H.L. 1961 x x m i r a b i l i s 

Onychiurus L.G. 1961 x x x 
spp. 

A.G. 1961 x 
Tullbergia L.G. 1961 x x 
krausbaueri 

Folsomia L.G. 1961 x x 
manolachei 

A.G. 1961 x 
Folsomia H.L. 1961 x x 
brevicauda 

Isotoma L.G. 1961 x x x 
sensibilis 

A.G. 1961 x 
H.L. 1961 x 

Isotomiella L.G. 1961 x x 
minor 

Symphy- L.G. 1961 x 
pleona 

A.G. 1961 x 
Total L.G. 1961 x x 
Collembola 

A.G. 1961 

H.L. 1961 x 
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at Moor House. (Large numbers of Symphypleona also 
hatched (Fig s 29) and some Lepidocyrtus lanuginosus, both 
of idiich normally overwinter as eggs). 

2. Onychiurus spp-. 
0. procampatus and 0. tricampatus are grouped 

together due to t h e i r not being recognised as separate 
species u n t i l six months a f t e r beginning the f i e l d work. 
The data suggest an autumn hatch of eggs l a i d during the 
summer and a spring hatch of overwintering eggs. 

3» Tullbergia krausbaueri. 
This species i s probably similar to Onychiurus spp. 

i n that there appears to be an autumn hatch of eggs l a i d 
during the summer and a spring hatch of overwintering eggs. 

Folsomia manolachei. 
The Limestone grassland data suggest spring and 

autumn generations and t h i s i s supported by examining the 
material for f i r s t i n s t a r s ; whilst no obvious peak i n 
numbers occurred, f i r s t instars were found on A l l u v i a l 
grassland i n autumn. 

5. Folsomia brevicauda. 
This species occurs only on the peat moor i n large 

numbers5 and no si g n i f i c a n t differences were found i n i t s 
numbers throughout the year (1961). However, peaks 
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occurred i n the bimonthly averages i n March/April and 
August/September 1961- These followed the trend i n the 
numbers of F. manolachei on mineral s o i l s , where spring 
and autumn peaks occurred. 

6. Isotoma s e n s i b i l i s * 
I n t h i s species laying occurs only i n spring 

(Table 19) and f i r s t instar individuals were present only 
i n the April/May peak; thus probably only the spring peak 
i s r e a l . 

7* Isotomiella minor. 
The suggestion of two annual peaks i n numbers i n 

the 1961 data (Table 82) was not supported by the presence 
of early instars i n the second autumn peak; f i r s t i nstars 
occurred only i n the spring peak. 

8. Symphypleona. 
The high temperatures at Moor House i n January and 

February 1961 caused an early hatch, and there was a 
February/March peak on the Limestone grassland and a 
December/January peak on the A l l u v i a l grassland; the 
majority of these individuals were f i r s t i n s t a r s * 

Two major groupings can be made concerning the 
seasonal fluctuations i n numbers of the above species: 

i ) Species normally having a single annual peak i n 
numbers eg. Isotoma s e n s i b i l i s . 
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i i ) Species having spring and autumn peaks i n 
numbers eg. Folsomia manolachei. 

I t would be expected that population peaks would 
occur shortly a f t e r the period of maximum ov i p o s i t i o n , 
when temperatures are favourable to egg development. I n 
the case of the species i n the f i r s t group above eg. 
I . sensibiliso i t has been shown that the period of 
maximum oviposition begins i n A p r i l (Table 19). Since 
t h i s data i n Table 19 i s accurate to wi t h i n 1 month 
(monthly collections were made), eggs could have been l a i d 
i n the f i e l d i n early March. The population peak f o r 
1960 occurs i n April/May, and thus the co r r e l a t i o n between 
egg laying and the population peak i s a good one. At no 
other time were eggs l a i d , nor was there a second 
population peak. 

No data concerning egg laying i s available f o r 
members of the Genus Folsomia (second group), but the 
spring and autumn peaks suggest two generations a year. 
Data i s also lacking concerning the egg laying periods of 
F. m i r a b i l i s . 

The other species which have spring and autumn 
peaks, Onychiurus spp., T. krausbaueri and I . minor, are 
a l l members of the Euedaphon (see page Table 19 

shows that i n 0. procampatus* 0. tricampatus and 
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T. k r a u s b a u e r i the o v i p o s i t i o n p e r i o d extends from May 

to October or November. The autumn peak i n numbers of 

these s p e c i e s i s probably caused by the h a t c h i n g o f eggs 

l a i d throughout the summer, although t h e r e may be a 

second g e n e r a t i o n i n 0. t r i c a m p a t u s ( s e e page 1 M > ) . 

I t can be seen that by c o n s i d e r a t i o n of peaks 

o c c u r r i n g i n bimonthly averages of the raw d a t a , t h e r e i s , 

i n f a c t , an annual c y c l e , which can be c o r r e l a t e d w i t h the 

p e r i o d of egg l a y i n g i h the s p e c i e s concerned. 

k) Comparison w i t h the r e s u l t s of p r e v i o u s workers. 

D i r e c t comparison of the Moor House data w i t h t h a t 

of other workers i s d i f f i c u l t because of the sho r t breeding 

season experienced under the p r e v a i l i n g s u b - A r c t i c 

c o n d i t i o n s . Most other work has been c a r r i e d out on low-

l y i n g meadow land and woodland, where c l i m a t i c c o n d i t i o n s 

a r e l e s s inclement. 

Glasgow (1939) r e c o r d s an A p r i l peak f o r t o t a l 

O nychiuridae and a s i g n i f i c a n t minimum i n January between 

peaks i n December and February/March, f o r t o t a l s of the 

t h r e e s p e c i e s fQ. ar m a t u s f , T u l l b e r g i a q u a d r i s p i n a and 

T. k r a u s b a u e r i . Such a minimum o c c u r s a l s o i n the 

present work, f o r t o t a l s of 0. procampatus and 0 .tricamnatu T q 

on the Limestone g r a s s l a n d , and a minimum a l s o o c c u r s i n 

T. k r a u s b a u e r i . I n the c a s e of the Onychiurus SPP.. 
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examination of the comparative numbers of d i f f e r e n t 
i n s t a r s reveals t h a t the February 1961 peak, f o l l o w i n g 
the January trough, i s a r e s u l t of an early hatch of over
w i n t e r i n g eggs; a s i g n i f i c a n t l y higher percentage of f i r s t 
and second i n s t a r s of 0. tricampatus occurs i n February 
( X*= 5*22 f o r 1 degree of freedom; P < 0.025). D h i l l o n 
and Gibson (1962) have found A p r i l and December peaks i n 
' 0 . armatus 1 and Poole (1961) found an August maximum f o r 
T. krausbaueri. 

For Isotoma spp., both Poole (1961) and D h i l l o n 
and Gibson (1962) found August peaks, but B e l l i n g e r (195*+) 

found a May peak i n Isotoma e u n o t a b i l i s which agrees w i t h 
the data presented here f o r other species of Isotoma; i n 
other areas the same author found l a t e r peaks i n the same 
species. The f i r s t two authors mentioned found an August 
peak i n F. m i r a b i l i s which corresponds w i t h t h a t shoxm by 
the present data. B e l l i n g e r (195l+) records A p r i l and 
August peaks i n the Sminthurus f i t c h i , and D h i l l o n and 
Gibson (1962) found March, July and September peaks i n the 
t o t a l Symphypleona; s i m i l a r peaks were recorded i n 1960 

on Limestone grassland a t Moor House. 

5) Summary. 

I n general, the data provided concerning seasonal 
v a r i a t i o n s i n numbers supports the views expressed as a 
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r e s u l t of examination of b i o l o g i c a l data; t h a t i s t h a t : 
i - members of the Isotomidae probably have only one 

generation a year under the c l i m a t i c conditions p r e v a i l i n g 
at Moor House* 

i i - F. m i r a b i l i s ^ 0. t r i c a m p a t u s T . krausbaueri, 
Folsomia spp», and the Symphypleona may have two generations, 
but probably not more, under Moor House conditions-



7. THE FAUNA OF ERODING MOOR 
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V. THE FAUNA OF THE ERODING MOOR 

1) I n t r o d u c t i o n . 
As a r e s u l t of erosion, the peat cover of the 

mixed moor has, i n many areas, been dissected i n t o haggs, 
and t h i s has been described i n the section on sampling 
s i t e s (page The presence of haggs influences the 
drainage i n t h e i r immediate v i c i n i t y , and as a r e s u l t , 
areas which vary considerably i n both t h e i r water content 
and vegetation cover occur over short h o r i z o n t a l 
distances. I t i s thus possible t o examine the h a b i t a t 
preferences of Collembola under n a t u r a l c o n d i t i o n s . 
Further, i t i s possible t o deduce the succession o f 
Collembola which occurs as the mixed moor i s eroded, and 
eventually recolonised. A s i m i l a r study of the Collembola 
associated w i t h the pool and hummock system of bog growth 
on "Hochmoore" or raised bog has been made by Murphy (1955)» 

2) The sampling programme. 
I n order t o compare the fauna of the erosion 

complex w i t h t h a t of the mixed moor, regular samples were 
taken over one year (January t o December, 1961). This 
period coincided w i t h the sampling of the mixed moor, 
so t h a t a d i r e c t comparison was possible. I n order t o 
compare species d i f f e r e n c e s , and d i f f e r e n c e s i n the 
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various vegetation types, the data f o r the year were 
pooled; t h i s n u l l i f i e d v a r i a t i o n s a r i s i n g from the 
comparison of data from d i f f e r e n t sampling dates, and 
from the annual cycle. The f o l l o w i n g f o u r areas were 
selected f o r regular sampling on the erosion complex: 

1. Hummock top 
2. Hagg l i p 
3. An area of Eriophorum a n g u s t i f o l i u m 
k* An area of Eriophorum vaginatum 

I t i s suggested t h a t these areas l-k, which are described 
on pages 13 to 15? represent the successive stages which 
occur i n the complex of erosion and r e c o l o n i s a t i o n o f 
blanket bog. F i g . 32 shows an i d e a l i s e d transect across 
the eroding blanket bog. 

The Cladonia-covered hagg l i p and the dry hummock 
top were sampled on fou r occasions during 1961, f i f t e e n 
sample u n i t s of the type described on page 208 being taken 
on each occasion i n each area. At the same time f i f t e e n 
u n i t s were c o l l e c t e d from Eriophorum a n g u s t i f o l i u n u and 
eight u n i t s 6 cm. deep from the Eriophorum vaginatum 
tussocks; only i n t h i s l a t t e r h a b i t a t d i d Collembola 
occur below 3 om. deep. This gave data f o r 60 u n i t s 
each from Hagg l i p , Hummock top and E. a n g u s t l f o l i u n u and 
32 u n i t s f o r the E. vaginatum. 



F i g . 32 

I d e a l i s e d section across the erosion and 
r e c o l o n i s a t i o n complex* 
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Table 83 shows a comparison of the mean values 
f o r 1961 of the water contents of the various sampling 
s i t e s concerned i n t h i s section; these are means taken 
from Tables k and 

Table 83. Water content of sample u n i t s from the erosion 
complex compared w i t h mixed moor. The f i g u r e s are 
indices of humidity. 

Mixed Hummock Hagg Eriophorum Eriophorum 
moor top l i p a n g u s t i f o l i u m vaginatum 

8.81 2.83 2.08 l * . 51 5-58 

The high f i g u r e f o r mixed moor i s due, i n p a r t , t o the 
properties of water r e t e n t i o n of the Sphagnum mosses. 

3) D i s t r i b u t i o n of Collembola. 
A. Erosion 

Table Qk shows the average d e n s i t i e s f o r the 
Collembola on the four sampling s i t e s of the erosion 
complex, compared w i t h the average density f o r mixed moor. 
The average density of Collembola was not s i g n i f i c a n t l y 
greater on the hummock tops than on the mixed moor (S.E. 
of d i f f e r e n c e less than twice the d i f f e r e n c e ) . The 
highest d e n s i t i e s (three times t h a t of any other area) 
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were found on the hagg Lip. As conditions became d r i e r 
the species !spectrum 1 changed, and t y p i c a l x e r o p h i l 
species became common- Thus, -whilst T e t r a c a n t h e l l a 
wahlgreni c o n s t i t u t e d less than h% o f the t o t a l numbers 
of Collembola on the mixed moor and hummock top, on the 
hagg l i p over h a l f the t o t a l numbers were o f t h i s species* 
Compared w i t h the mixed moor s i g n i f i c a n t l y greater 
d e n s i t i e s of Isotoma s e n s i b i l i s (P< 0.001), and Folsomia 
brevicauda (P<0.001) occurred on the hagg l i p , where 
due to the lack of vegetation, the l a r g e r surface 
dwelling Collembola (the 'Atmobios 1 of G i s i n 19*+3; see 
page MS) were absent. 

The bare peat d i d not support a permanent 
population of Collembola but o f t e n i n d i v i d u a l s could be 
found below the hagg l i p , from which they had presumably 
f a l l e n . 

B. Recolonisation 
I n some places an a l g a l mat i s formed on the 

bare peat. When conditions become d r i e r i n e a r l y 
summer, the surface of the peat cracks (Plate 8 ) , and 
under these circumstances the a l g a l mat f l a k e s away from 
the s o l i d mass of peat. Beneath these f l a k e s h i g h 
h u m i d i t i e s are maintained, and Collembola r a p i d l y colonise 
t h i s temporary h a b i t a t . The most common species found 
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here was Isotona antennalis, which occurred i n greater 
numbers than a l l other species. A h a b i t a t very s i m i l a r 
to t h i s occurred beneath pieces of sandstone l y i n g on the 
peat (Plate 8 ) , where the e f f e c t s of erosion had exposed 
the bedrock; here again I . antennalis outnumbered a l l 
other species. A r t i f i c i a l c o nditions very s i m i l a r t o 
these were created by p u t t i n g down pieces of wood and metal 
sheets, and when these were s u f f i c i e n t l y near t o an area 
already inhabited by I . a n t e n n a l i s , colonies became 
established beneath them i n less than a month. Thus i t 
would appear th a t bare peat, which was impenetrable t o 
Collembola because of waterlogging, lacked a population 
only because i t d i d not supply s u f f i c i e n t p r o t e c t i o n from 
adverse c l i m a t i c c o n d i t i o n s . 

Eriophorum a n g u s t i f o l i u m o f t e n becomes established 
on areas of a l g a l mat and where pools form on the surface 
of bare peat. Whilst several species of Collembola have 
been c o l l e c t e d from t h i s h a b i t a t , again I . a n t e n n a l i s 
outnumbered a l l others (Table 8k) and was found t o be 
t y p i c a l of h a b i t a t s where very wet conditions p r e v a i l e d ; 
i t may thus be regarded as a h y d r o p h i l species (see page MS). 

Where Eriophorum vaginatum was established there 
was a s i m i l a r density of Isotoma antennalis t o t h a t on the 
Eriophorum a n g u s t i f o l i u m , but some species t y p i c a l of the 
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mixed moor were present. Folsomia brevicauda, Isotoma 
s e n s i b i l i s and Friesea m i r a b i l i s were the commonest species, 
and the l a s t two species maintained s i m i l a r d e n s i t i e s i n 
t h i s h a b i t a t and on the mixed moor. Entomobrya n i c o l e t i 
was c h a r a c t e r i s t i c of t h i s h a b i t a t . The t o t a l d e nsity 
of Collembola occurring on the Eriophorum vaginatum was 
lower than that of the mixed moor, and i t was c l e a r t h a t 
the fauna was intermediate between th a t on the Eriophorum 
an g u s t i f o l i u m and t h a t on the mixed moor. 

k) Discussion. 
The processes of erosion of the blanket bog are 

associated w i t h a general drying out of the area, and t h i s 
i s shown by the lower water content of the s o i l samples i n 
the proceeding stages of erosion (Table 83, columns 1-3); 
a s i m i l a r change i n water status between the lower and 
higher parts of the growing bog studied by Murphy (1955) 
may be assumed. On the erosion complex the Collembola 
of the s i t e s sampled ranged from a h y d r o p h i l fauna on the 
eroded peat, to a mesophil fauna on the blanket bog and a 
x e r o p h i l fauna on the hagg l i p . On a smaller scale 
s i m i l a r preferences are shown by the Collembola on t r a n s e c t s 
made on a growing bog (Murphy 1955). The d i s t r i b u t i o n of 
Collembola i n both cases appears to be governed by physical 
f a c t o r s which b r i n g about a l t e r a t i o n s i n the water content 
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of the h a b i t a t . Cragg (1961) has drawn comparisons 
between the present work and t h a t of Murphy (1955)* 

To a large extent d i f f e r e n t v egetation types 
r e f l e c t the water content of the immediate environment, 
and where d i f f e r e n t vegetation types occur on the erosion 
complex and the mixed moor, d i f f e r e n t species and d e n s i t i e s 
°f Collembola occur. This may be summarised, showing the 
c h a r a c t e r i s t i c species of Collembola, i n the f o l l o w i n g way: 

Bare Eriophorum _^ Eriophorum _^Mixed ^ Hummock ^Hagg 
peat ang u s t i f o l i u m vagina turn moor top l i p 

Hydrophil fauna — >Mesophil fauna ^Xerophil 
fauna 

Isotoma antennalis Fplsomia brevicauda Tetracan-
Friesea m i r a b i l i s the11a 
Isotoma s e n s i b i l i s wahigrem 

_ Increasing density • _ ^ 
— Decreasing water content-> 

The whole process of erosion of the moor, and the 
subsequent r e c o l o n i s a t i o n by a s i m i l a r plant cover, may be 
regarded as a c y c l i c change i n the blanket bog. Changes 
i n the plant cover and water content of the h a b i t a t are 
associated w i t h both density and species of Collembola; 
these changes can most e a s i l y be seen i n the erosion of 
the hummocks on the bare peat, where i n a matter of a few 
months a hummock top can be eroded t o form a hagg l i p , w i t h 
i t s very d i f f e r e n t fauna- However, processes of recolon-
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i s a t i o n , and th e r e f o r e the succession, are much slower, 
and must be measured i n terms of years ra t h e r than 
months. 



THE FAUNA OF DIFFERENT SAMPLING 
AREAS 
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V I . THE FAUH& OF DIFFERENT SAMPLING AREAS 

1) I n t r o d u c t i o n . 
I n t h i s section the d i f f e r e n c e s between the various 

sampling areas, w i t h respect to t o t a l numbers, the numbers 
of various species and the species 1 spectrum 1, are 
considered from the s t a t i s t i c a l point of view. This 
method of approach i s used i n preference t o the s o c i o l o g i c a l 
methods of co n t i n e n t a l workers eg. A g r e l l (19 1*!)* 
Cassagnau (1961), Haarlov (1960), i n that i t i s not 
a f f i n i t i e s between d i f f e r e n t species of Collembola, but 
differences i n the faunas of various h a b i t a t s , t h a t i t i s 
desired t o e s t a b l i s h . Gisin (19^3 et seq.) has used a 
scale of abundance (see page &£>1) t o i n d i c a t e the numbers 
of Collembola i n d i f f e r e n t samples; i n t h i s work, the raw 
data i s used f o r comparative purposes. I n order t o a l l o w 
f o r seasonal f l u c t u a t i o n s i n numbers, the data f o r a period 
of twelve months have been pooled. I n the case of the 
Limestone grassland, Heather l i t t e r and Juncus squarrosus 
areas, the data compared are f o r the same months, and i n 
most cases f o r the same dates; t h i s i s also the case f o r 
the Limestone grassland and A l l u v i a l grassland areas. 
However, the sampling of A l l u v i a l grassland overlapped t h a t 
of Heather l i t t e r and Juncus squarrosus f o r only f i v e months. 
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I n t h i s section means per sample -unit r e f e r t o the 
sample u n i t size of 11.35 cm2., and are not corrected f o r 
an area of 10 cm2; t h i s was -unnecessary f o r comparative 
purposes. 

2) Q u a l i t a t i v e d i f f e r e n c e s . 
Table 85 shows that s i x species, namely F . m i r a b i l i s , 

Onychiurus spp-, T, krausbaueri, F. manolachei, I . s e n s i b i l i s 
anc* jj. minor dominated the fauna of the f o u r main sampling 
s i t e s . A l l these species x^ere present i n large numbers 
on the Limestone grassland and the A l l u v i a l grass-land; 
i n the Heather l i t t e r members of G i s i n 1 s (19*+3) "Euedaphon11, 
namely 0. procampatus«> 0* tricampatus* T. krausbaueri and 
I . minor were e i t h e r absent or present i n very small 
numbers, and F. manolachei was replaced by F. brevicauda. 
On the Juncus squarrosus grassland the numbers of 
Fo brevicauda were g r e a t l y reduced, but members of the 
Symphypleona occurred more commonly. 

Whilst obvious differences occur between the 
Juncus squarrosus and the Heather l i t t e r , and the two 
grassland areas, differences between these two l a t t e r areas 
are less obvious. Lousley (1950) has pointed out t h a t 
plant r a r i t i e s w i t h i n a h a b i t a t are f r e q u e n t l y b e t t e r 
i n d i c a t o r s of v a r i a t i o n s between h a b i t a t s than are the 
commoner species, and t h i s c l e a r l y also a p p l i e s i n the case 
of the Collembola of these two areas. Table 82 shows t h a t 
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Table 85* T o t a l numbers of Cpllembola c o l l e c t e d i n 
q u a n t i t a t i v e samples taken on the fo u r main sampling s i t e s 
i n twelve months. 

Species 
Limestone A l l u v ia1 
gra s s land s;ra s s land 

Heather 
l i t t e r 

Juncus 
sauarrosus 

195 sample 195 sample 195 sample 57 sample 
u n i t s u n i t s u n i t s u n i t s 

Hypogastrura 0 0 1 0 
scotica 

Hypogastrura 7 158 0 i 
d e n t i c u l a t a 

Wi Hernia 2 0 8 0 
anophthalma 

Friesea 1201* 857 567 232 
m i r a b i l i s 

Brachystomella 1 0 0 0 
parvula 

Anurida 170 8^ 109 0 
pygmaea 

Anurida 0 0 1 0 
f o r s s l u n d i 

Anurida 0 1 0 0 
granaria 

Neanura 0 0 25 0 
muscorum 

Onychiurus 1 0 0 0 
absoloni 

Onychiurus 1083 kh3 0 1 

52 Onychiurus* 0 0 52 7 
l a t u s 

TullberRia 1296 8 0 
krausbaueri 

T u l l b e r g i a l 0 0 0 
a f f i n i s 

T u l l b e r g i a 3 38 0 0 
d e n i s i 

Tetracanthella 
wahlgreni 

1 1 160 0 Tetracanthella 
wahlgreni 

Tetr a c a n t h e l l a 0 0 0 3 
brachyura 

Folsomia 0 0 3361 11 
brevicauda 
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Table 85 (continued). 

Limestone 
- . grassland Species 1 9 5 s a m p l e 

u n i t s 

Folsomia 162 
4-oculata 
Folsomia 2285 
manolachei 

Folsomia c f . 75 b r e v i f u r c a 75 

Folsomia k 
l i t s t e r i 

I s o t o m i e l l a 376 
minor 

376 

Isotoma ^32 
s e n s i b i l i s 

Isotoma 116 
n o t a b i l i s 

Isotoma 95 
v i r i d i s 

Isotoma 0 
antennalis 

Isotoma 
olivacea 

Isotoma l 
i n f u s c ata 

Isotomurus 0 
r>alustris 

Entomobrya 1 
n i c o l e t i 

Entomobrya 1 
m u l t i f a c i a t a 

Willowsia 0 
buski 

Lepidocyrtus 0 
cyaneus 

Lepidocyrtus 1 
lanuginosus 

Pseudo sine 11a 2 
alba 

Tomocerus 0 
minor 

A l l u v i a l Heather Juncus 
grassland l i t t e r sauarrosus 

195 sample 195 sample 57 sampte 
u n i t s u n i t s u n i t s 

7 1 0 

1281 0 0 

35 0 0 

31 0 0 

kl9 0 0 

k88 225*+ 231 

193 7 1 

135 22 12 

0 0 1 

82 0 3 

0 0 0 

1 1 17 
12 1 0 

1 0 0 

0 13 0 

0 0 2 

10 32 0 

0 0 0 

0 8 0 
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H. d e n t i c u l a t a , T. d e n i s i , F, l i t s t e r i , E. n l c o l e t l , and 
L. lanuginosus occurred more f r e q u e n t l y on the A l l u v i a l 
grassland than on the Limestone grassland, whereas 
F. ^-oculata was commoner on the l a t t e r area- Two other 
species which occurred on the Limestone grassland, and 
were apparently absent from the A l l u v i a l grassland were 
T. a f f i n i s and T« wahlgreni; the former was obtained 
f r e q u e n t l y i n crumbled samples of Limestone grassland 
from a T u l l g r e n funnel (see page 420, but was absent i n 
s i m i l a r samples from other areas; T. wahlgreni occurred 
i n very small numbers i n the Cladonia r a n g i f e r i n a on the 
Limestone grassland, but both the l i c h e n and t h i s species 
of Collembola were absent from A l l u v i a l grassland. 

Species c h a r a c t e r i s t i c of the Heather l i t t e r are 
Neanura muscorum, Qnychiurus l a t u s , T e t r a c a n t h e l l a wahlgreni 
which i s associated w i t h the lichens epiphytic on the 
Calluna stems, Folsomia brevicauda, Willowsla buski and 
Tomocerus minor* On the moor-edge zones of Juncus 
squarrosus, three species d i s t i n g u i s h the fauna from those 
of the other three main sampling s i t e s ; Isotoma antennalis* 
Isotomurus p a l u s t r i s and Lepidocyrtus c?/aneus were 
v i r t u a l l y absent elsewhere on the main sampling s i t e s , 
but occurred commonly i n q u a l i t a t i v e samples from Juncus 
squarrosus* 
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Whilst t h i s work i s l a r g e l y devoted t o the 
Arthropleona* i d e n t i f i c a t i o n of Symphypleona has shown 
tha t several species appear to be c h a r a c t e r i s t i c of 
c e r t a i n s o i l types. Thus, Sminthurides p u m i l i s , 
Sminthurinus elegans, S. aureus, S»>niger and B o u r l e t i e l l a 
viridescens have been recorded only from mineral s o i l s , 
Sminthurides malmgreni, S» parvulus* A r r h o p a l i t e s p r i n c i 
p a l i s ^ Dicyrtoma minuta and D. fusca from peat s o i l s and 
Sminthurides signatus and B o u r l e t i e l l a h o r t e n s i s from areas 
of peat erosion. 

3) Quantitative d i f f e r e n c e s . 
Limestone grassland supports a higher density of 

Collembola than any of the other main sampling areas; 
A l l u v i a l grassland, Heather l i t t e r and Juncus squarrosus 
grassland support progressively lower d e n s i t i e s , the l a s t 
area having an average density of less than h a l f t h a t o f 
the Limestone grassland; t h i s i s shown i n Table 86. This 
i s i n d i r e c t contrast t o what has been shown f o r other 
groups of s o i l animals (Cragg 1961), where h i g h d e n s i t i e s 
have been recorded from Juncus squarrosus areas. The 
highest density recorded on Limestone grassland was on 
Ik November, 1960, when an average density of 77,950 ± 
8,600 i n d i v i d u a l s per m2 was estimated. Maxima f o r the 
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other main sampling areas are as follows*. 
A l l u v i a l grassland (26-9-60) 55,860 ± 7,330 per m2 
Heather l i t t e r (11.12.61) -+2,350 ± 10,250 p e r m 2 

Juncus squarrosus (20.2.61) 38,890 ± 6,870 per m 2 

When, however, the m i c r o d i s t r i b u t i o n of Collembola i s 
considered, the specialised fauna associated w i t h the hagg 
l i p (see page W>5) gives the highest d e n s i t i e s yet recorded; 
on k December, 1961, 230,000 ± 28,^OO i n d i v i d u a l s per m2 

was estimated, over 50$ of -which were Te t r a c a n t h e l l a 
wahlgreni. 

Consideration of the dominant species shows t h a t : 
1- Friesea m i r a b i l i s has a s i g n i f i c a n t l y d i f f e r e n t 

density on a l l areas, w i t h the exception of the A l l u v i a l 
grassland and the Juncus squarrosus areas (Tables 86 and 
67A). 

2» Onychiurus spp. have a s i g n i f i c a n t l y greater density 
on Limestone grassland than on A l l u v i a l grassland, the 
species being v i r t u a l l y absent on the other sampling s i t e s . 

3* T u l l b e r g i a krausbaueri i s s i g n i f i c a n t l y commoner 
on the A l l u v i a l grassland than on the Limestone grassland, 
i n contrast t o the l a s t species, but again i s v i r t u a l l y 
absent on other s i t e s . 

Folsomia manolachei has a d i s t r i b u t i o n s i m i l a r t o 
Qnychiurus spp., and i s replaced on the peat s o i l s by 
F. brevicauda. 



Table 86. Comparison of the mean annual numbers per 
u n i t 11.35 cm2 of the commoner species of Collembola 
f o u r main sampling s i t e s ; the standard e r r o r of the 
also shown. 

279. 
sample 
on the 
mean i s 

Species 

Sampling 
s i t e 

Limestone 
grassland 

1960 
( u n i t s 6cm. 

deep) 

CD 
w CD 

• H 

CO 
• H 
r-i 

•H 
cd u 

• H 

6.87 + 

to 

g 1 
0 

o 
+̂.89 
+ 

erf •H CD 
* ] cd 
CD '8 

cd 
PA 

E H 

• H 

CD 
cd •6 cd 

• H cd • H 

s r-i 
0 O O 

CO Cl CO r-4 
O O 

9.99 17.31 
+ + 

0.26 0.23 0.6*f 0.81 
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( u n i t s 6cm. 
deep) 

A l l u v i a l 
grassland 

May 1960 to 
May 1961 
( u n i t s 6cm. 

deep^ 

3-98 2.2k 19.30 5.81 
l i l t 

o.2k 0.25 1.20 0.56 
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l i t t e r 1961 

( u n i t s 3cm. 
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2.9^ + 
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0 0 
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2.16 3-88 
+ + 

1.68 £ . 9 2 
+ + 

0.12 0.23 0.1*+ 1.35 

0 2.1k k.15 3-^1 52.86 

0 2.58 
+ 
0.22 

2.08 0.89 3̂-69 
t i t 

0.2k 0.12 1.6k 

l?.kl 11-68 
+ + 
1.51 O.78 

0 O.87 35.17 
± ± 
0J2 L90 

^-07 0 U.7I+ 2a 93 
+ + + 

0.37 2~52 2.~86 

Note. $ = less than 0.2 per sample u n i t . 
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Table 87. Differences between means and standard e r r o r s 
of the di f f e r e n c e f o r species of Cpllembola on the various 
sampling s i t e s . 
Note. I n the Table the Difference between means i s shown, 
together w i t h the Standard E r r o r of the D i f f e r e n c e , and 
the P r o b a b i l i t y (P) of the data being s i m i l a r . 

A.G. = A l l u v i a l grassland 
L.G. = Limestone grassland 
J.sq. = Juncus squarrosus grassland 
H.L. = Heather l i t t e r . 

A«G. H.L. J.Sq. 
2.95 3.23 2.10 
± ± ± L.G. 

o.ki 0.38 0.71 
P = <0.001 P=<0.001 P= <0.010 

1.1*0 0.09 + + A 
0.32 0-68 A- G* Friesea . 

n a r a b i l i s 
P = <:0.010 P= <0.900 

1.13 
0.67 H - L # 

P = < 0.010 
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Table 87 (continued). 
A.G. H.L. J.Sq. 
3.30 5-55 5-55 
± ± ± L.G. 

o.ifi 0.32 0.32 
P = <0.001 P =<0.001 P =<0.001 

2.2k 2.2k B 
0*26 0^26 A # G # Onychiurus 

P = <0.001 P =<0.001 

H.L. 

spp 

A.G. H.L. J.Sq. 
8.65 6.13 6.13 j r + + + L.G. 
1.1*7 °-62 0.62 

P =<0.001 P = <0.001 P =<0.001 
19.30 19.30 u r 

± ± A.G. 0 

1.20 1.20 T u l l b e r g i a 
P =<0.001 P = <0.001 krausbaueri 

H.L. 

A.G. H.L. J.Sq. 
9.60 12.08 12.08 
± + + L.G. 
1.05 0.91 0.91 

= <0.001 P =<0.001 P =<p.ooi 
5.81 5.81 D 
0T6O 0760 A - G # Folsomia 

P = C0.001 P =<. 0.001 

H.L. 

manolachei 
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Table 87 (continued). 
A.G. H.L. J.Sq. 
O.kk 9.k6 1.83 
± +ft ± L.G. 

0.28 0.81 0.k2 
P = <0.20 P =<0.001 P = <0.001 

9.10 Ijk? E 
0T8I o7V3 Isotoma 

s e n s i b i l i s P = <0.001 P = <0.001 
7;63 
0T86 

P = <0.001 

A.G. H.L. J.Sq. 
2.07 1.93 1.93 + + + 
o739 0T20 0T20 

p = <o.ooi p = <0.001 p =<o.ooi 
2.08 2.08 + + 

H.L. 

L.G. 

F 
A.G. 0.2*f 0.2k I s o t o m i e l l a 

P =<0.001 P =<0.0C1 minor 

H.L. 

A.G. H.L. J.Sq. 
2.52 2.89 7-98 
+ + + 

0~.k6 o~5k 2.58 
<0.001 P = <0.001 P = <0.001 

0.02 10.85 + + 
0T16 2". 53 

p =<o.900 P = <0.001 

L.G. 

G 
A.G. T o t a l 

Symphypleona 

10.87 ± 
2T53 

P =<0.001 
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Table 87 (continued) 

A.G. H.L. J.Sq. 
9.17 6.36 20.60 
± ± ± 

2.52 2.63 3.38 
P=<0.001 P =<0.02 P=<0.001 

L.G. 

8.52 22.76 H 

2.51 3T29 A # G # total 

P = <0.001 P = <0.001 

P = <0.001 

H.L. 

Gollembola 

5* Isotoma s e n s i b i l i s i s ub i q u i t o u s , the highest 
d e n s i t i e s occurring on the Heather l i t t e r s i t e ; the 
density on Juncus squarrosus i s s i g n i f i c a n t l y higher than 
those on the A l l u v i a l and Limestone grasslands where there 
i s no s i g n i f i c a n t d i f f e r e n c e (Table 37E). 

6. I s o t o m i e l l a minor has a d i s t r i b u t i o n s i m i l a r t o 
Onychiurus spp. and F. manolachei; the greatest d e n s i t i e s 
occur on Limestone grassland. 

7» Symphypleona have s i g n i f i c a n t l y higher d e n s i t i e s 
on Juncus squarrosus than elsewhere. 

The data concerning r e l a t i v e population d e n s i t i e s 
of these species i s summarised i n Tables 86 and 87. 
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k) Annual dif f e r e n c e s w i t h i n a single v e g e t a t i o n type. 
The Limestone grassland i s the only area f o r which 

there i s more than one year's data* I n Table 88 
comparisons are made between the numbers of the commoner 
species i n 1960 and 1961- I n Friesea m i r a b i l i s , 
Onychiurus spp., and Isotoma s e n s i b i l i s there i s no 
s i g n i f i c a n t d i f f e r e n c e between the average d e n s i t i e s i n 
d i f f e r e n t years. I n T u l l b e r g i a krausbaueri, Folsomia 
manolachei and I s o t o m i e l l a minor there i s a s i g n i f i c a n t 
decrease i n numbers i n 1961 as compared w i t h 1960, whereas 
an increase occurs i n the Symphypleona i n 1961- The 
o v e r a l l p i c t u r e i s of a reduction i n the average density 
i n 1961, as compared w i t h 1960. 

5) M i c r o d i s t r i b u t i o n . 
Whilst on the Limestone grassland and the A l l u v i a l 

grassland i t i s d i f f i c u l t to see any obvious d i f f e r e n c e s 
i n the plant cover, which may give r i s e to d i f f e r e n t micro-
h a b i t a t s , on the other two areas dif f e r e n c e s could be seen. 
Thus on the Juncus squarrosus s i t e possible d i f f e r e n c e s 
could occur w i t h i n and between the rosettes of J. scuarrosuq. 
On the Heather l i t t e r s i t e , areas of Sphagnum rube Hum 
could be d i f f e r e n t i a t e d c l e a r l y from patches of Cladonia 
spp.; i n t h i s l a t t e r case d i f f e r e n c e s i n the Collembola 
would be expected due t o the d i f f e r e n c e s i n water content 
between the wet, mossy areas and the dry areas where 
lichens were abundant. 
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I n order to a s c e r t a i n whether or not there was a 
d i f f e r e n c e i n the d i s t r i b u t i o n of CoIIembola on the Juncus 
squarrosus s i t e , i n and between r o s e t t e s , samples, each 
of 15 u n i t s , were taken from both areas on the same date; 
a summary of the data i s given i n Table 89* 

Table 89* Comparison of the d i s t r i b u t i o n of Collembola 
i n and between the Rosettes of Juncus squarrosus, 9-5»60. 

o 

15 sample u n i t s 11.35 cm and 3 cm. deep were taken from 
each area. 

Species Friesea Isotoma T o t a l 
m i r a b i l i s s e n s i b i l i s Collembola 

Mean per sample 
u n i t around 9*lh 2.66 11.93 
r o s e t t e s 
Mean per sample 
u n i t between 10-56 1.35 13-60 
rose t t e s 
Difference 
between means I.k2 1.31 1.67 
and S.E. of ± ± ± 
d i f f e r e n c e 2.17 1.03 2-71 

>0.7 >0.k >0.7 

I t can thus be seen th a t no s i g n i f i c a n t d i f f e r e n c e s occurred 
i n the d i s t r i b u t i o n of Collembola w i t h respect t o the 
r o s e t t e s , on the Juncus squarrosus s i t e . 
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To examine possible d i f f e r e n c e s occurring i n 
d i f f e r e n t vegetation types on the heather moor, an a n a l y s i s 
was made f o r the two species Folsomia brevicauda and 
Tetracanthella wahlgreni; i n the random samples c o l l e c t e d 
from Heather l i t t e r , 101 u n i t s contained Sphagnum rubellum 
and 21 u n i t s Cladonia spp. 

Table 90 summarises the data. 

Table 90. Comparison of the density of two species o f 
Collembola i n d i f f e r e n t microhabitats on Heather moor, from 
random samples. Sample u n i t s 11*35 cm^ and 3 cm. deep. 

Species Folsomia T e t r a c a n t h e l l a 
brevicauda wahlgreni 

Mean per sample 
u n i t i n Sphagnum 19*31 0.^2 
rubellum 

Mean per sample 
u n i t i n Cladonia 10.95 5*05 
spp.. 

Difference 
between means 8.36 ^*63 
and S.E. of ± ± 
d i f f e r e n c e 3-V9 1.65 

<0.05 <0.02 
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From these data i t can be seen that Folsomia brevicauda 
occurred i n s i g n i f i c a n t l y higher d e n s i t i e s i n Sphagnum 
than i n Cladonia, whereas the reverse i s the case i n 
Tetracanthella wahlgreni. This i s also supported by data 
obtained from counts of Cpllembola from samples of 2 5 sq. 
cm. surface area taken from s i t e s where Gladonia and 
Sphagnum were a c t u a l l y i n contact; a comparison of 2 0 such 
u n i t s , extracted i n an ordinary T u l l g r e n f u n n e l , i s made 
i n Table 9 1 . Again F. brevicauda occurred i n s i g n i f i c a n t l y 
higher d e n s i t i e s i n Sphagnum, and T. wahlgreni i n s i g n i f 
i c a n t l y higher d e n s i t i e s i n Cladonia. 

Table 9 1 - Comparison of the numbers of two species of 
Collembola from 2 5 cm 2 sample u n i t s of Sphagnum and Cladonia 
i n contact. 

Species Folsomia Tetracanthella 
brevicauda wahlgreni 

llean per sample 
u n i t i n Sphagnum 2 1 . 5 0 1 . 1 5 
rubellum 1 2 0 u n i t s ) 
i-lean per sample 
u n i t i n Cladonia 1 . 3 0 2 9 * 6 0 
spp. ( 2 0 unitsJ 
Difference between 2 0 . 2 0 2 8 . H 5 
means and S.E. of * * 
d i f f e r e n c e 1 0 . 8 6 9 - 2 7 

P < 0 . 1 < 0 . 0 1 

Thus diffe r e n c e s occur w i t h i n raicrohabitats on the Heather 
moor comparable w i t h those seen on the erosion complex (see 

page 2fc5). 
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V I I . BIOM&SS 

1 ) I n t r o d u c t i o n . 
Biornass estimations are the most widely used 

measure of the importance of populations, but there are 
c e r t a i n d i f f i c u l t i e s i n obtaining f i g u r e s of biomass f o r 
Collembola; these are as f o l l o w s : 

i . D i r e c t weighing i s impossible f o r many groups, 
as i n the l i v e state the i n d i v i d u a l s possessing a f u r c u l a 
cannot be handled conveniently; weighing of preserved 
m a t e r i a l i s p r a c t i c a l l y impossible, due t o the r e t e n t i o n of 
the l i q u i d preservative i n and between separate i n d i v i d u a l s . 

i i . D i f f e r e n t species are represented by i n d i v i d u a l s 
i n various stages of development, and c a l c u l a t i o n s based 
only on the weights of adults would provide a gross over
estimate. 

i i i . Varying proportions of species of d i f f e r e n t sizes 
occur on the various sampling s i t e s , so i t i s not p r a c t i c a b l e 
to determine the weight of an average i n d i v i d u a l , and apply 
t h i s t o a l l sampling areas on d i f f e r e n t dates. 

I d e a l l y the biomass of a l l i n s t a r s of a l l species 
present should be known before an estimate of the t o t a l 
biomass i s made. However, t h i s i s c l e a r l y i m p r a c t i c a b l e , 
and i n p r a c t i c e a fbest estimate* has t o be made. 



2 9 0 

Macfadyen ( 1 9 5 2 ) estimated biomass i n Collembola 
by measuring the volume of i n d i v i d u a l a d u l t s and m u l t i p l y i n g 
t h i s by a conversion f a c t o r obtained from d i r e c t weighing 
of selected a d u l t s ; however, i t i s stressed t h a t these 
f i g u r e s only i n d i c a t e the order of magnitude of the biomass. 
During the course of the present work i t was decided t o 
ob t a i n biomass f i g u r e s which were as accurate as possible 
f o r one or two species, and to estimate t o t a l biomass from 
these. On the Limestone grassland Onychiurus procampatus 
and 0 . tricampatus accounted f o r approximately h a l f the 
t o t a l biomass. This estimate was made by observing the 
surface area covered when i n d i v i d u a l s of these two species 
were f l o a t e d on water; i t was approximately equal t o t h a t 
covered by the rest of the Collembola, i n a sample from a 
given date. This rough approximation held f o r a l l dates 
on the Limestone grassland-

2 ) Weights of d i f f e r e n t i n s t a r s . 
I n Figs. 1 6 and 17 i t can be seen that the head 

capsules of the f i r s t s i x i n s t a r s of 0 . procampatus are 
equal i n size to the head capsules of the f i r s t s i x i n s t a r s 
o f 0 > l a t u s * Not s u r p r i s i n g l y the weights of the 
equivalent i n s t a r s are also s i m i l a r ; 1 0 0 f i r s t i n s t a r s of 
0 . procampatus were found t o be the same weight as 1 0 0 f i r s t 
i n s t a r 0 . l a t u s ; no second i n s t a r s were weighed, but t e n 
i n d i v i d u a l s of each of the other f o u r i n s t a r s were found 
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t o be s i m i l a r i n weight i n the two species. These data 
are shown i n Table 92. 

Table 92, Comparison of the weights ( i n microgrammes) o f 
d i f f e r e n t ins t a r s i n Onychiuriis procampatus and 0 . l a t u s . 

I n s t a r 1 2 3 ^ 5 6 7 

18.0 37*8 83-1 101.0 

18.0 36 .9 82 .5 HO.O 

The data f o r 0 . l a t u s was p l o t t e d g r a p h i c a l l y ( F i g . 33) and 
the average weight of each i n s t a r read from the graph. No 
d i r e c t weighings were made of i n d i v i d u a l s of 0 . tricampatus 
and the assumption was made t h a t i n d i v i d u a l s of equivalent 
head capsule size would be equivalent i n weight c f . 
0 . procampatus and 0 . l a t u s . E x t r a p o l a t i o n of the graph 
( F i g . 33) thus gave estimates of weights of i n d i v i d u a l s 
having head capsule sizes equivalent t o i n s t a r s one and two 
of 0 . tricampatus* Table 93 gives the c a l c u l a t e d average 
weights of d i f f e r e n t i n s t a r s from F i g . 3 3 . 

Onychiurus 
procampatus 

Onychiurus 
l a t u s 
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Table 9 3 * Calculated average weights ( i n microgrammes) 
of d i f f e r e n t i n s t a r s of Onychiurus nrocampatus and 
0* tricampatus. 

Species I n s t a r s 

Onychiurus 
procampatus 1 2 3 5 6 

Onychiurus 

tricampatus 1 2 3 *+ 5 6 

Weight per 
i n d i v i d u a l k.2 5*6 8 .3 12.6 18.0 35-5 63-1 l l 1 * . 8 
i n ugms. 3) Biomass of the population of 0. procampatus and 
0. tricampatus. 

From a knowledge of the age d i s t r i b u t i o n of 
0. procampatus and 0. tricampatus (Figs. 19 and 20) and a 
knowledge of the average weights of d i f f e r e n t i n s t a r s 
(Table 9 3 ) , the biomass of the two species was c a l c u l a t e d 
f o r d i f f e r e n t sampling dates. This i s shown i n F i g . 3^« 

As would be expected the l a r g e s t biomasses occur i n early-
w i n t e r , a t the end of the breeding season ( F i g . 3*+a). 

From these data estimates of the t o t a l biomass of 
Collembola on the various sampling s i t e s can be made. I t 
i s stressed t h a t these estimations are only approximations 
t o the t o t a l biomass of Collembola, as i t i s assumed t h a t 
the Onychiurus spp. account f o r h a l f the t o t a l biomass on 



F i g . 33-

The r e l a t i o n s h i p between the head capsule size 
and weight i n Onychiurus l a t u s and CK .tricampatus. 
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a l l occasions. Table 9*+ gives the data f o r maximum and 
minimum biomasses on d i f f e r e n t sampling s i t e s -

The highest population density recorded of 2 3 0 , 0 0 0 

+ 2(j,M ) 0 m2 on an area of hagg l i p , on k December, 1 9 6 1 , 

represented a biomass of about 2 . 5 3 g/sq.m. I t can thus 
be seen that the biomass estimates i n t h i s work are 
appreciably smaller than those of Bornebusch ( 1 9 3 0 ) and 
Hacfadyen ( 1 9 5 2 , 1 9 5 7 ) -

k) The r e l a t i v e importance of Collembola i n the s o i l . 
On a basis of data provided by the present w r i t e r , 

Cragg ( 1 9 6 1 ) has compared Collembola w i t h other groups of 
moorland s o i l animals, w i t h respect t o biomass and r e s p i r 
a t i o n . A biomass of 0 . 6 g. per m2 ( t h i s f i g u r e i s t o be 
regarded as a maximum) accounts f o r 0 . 3 ^ of the t o t a l 
biomass on Limestone grassland, and a biomass of 0 . 1 g. per 
m2 accounts f o r 0.1% of the t o t a l biomass on Juneus 
squarrosus. Calculations based on the r e s p i r a t o r y deter
minations of Bornebusch ( 1 9 3 0 ) show t h a t on these two areas 
1 . 1 mgms. and 0 . 3 mgrns. of oxygen are re s p i r e d per square 
metre per hour at 13°C; t h i s accounts f o r 2 . 0 $ and 0 . 3 ^ 

r e s p e c t i v e l y of the t o t a l r e s p i r a t i o n . 
Cragg ( 1 9 6 1 ) points out th a t i t i s dangerous t o 

make too d e t a i l e d a comparison between the estimates of 
metabolic a c t i v i t y since the r e s p i r a t o r y rates of the 
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Table 9*+- Maximum and minimum estimates of biomass 
on the four main sampling s i t e s , i n grammes per square me 

Sampling s i t e Maximum Minimum Average 

Limestone 0 . 5 3 0 . 1 3 0 . 3 3 
grassland 1 9 6 0 

Limestone 0 . ^ 5 0 . 1 3 0 . 2 9 
grassland 1 9 6 1 

A l l u v i a l 
grassland 0 - 5 1 * 0.19 O . 3 7 

1960-61 

HSttS 1 9 6 1 0 . 1 0 0 . 2 9 

Juncus 
squarrosus 0.2^ 0.06 0.15 

1961 



F i g . 3^-

Biomass of Onychiurus procampatus and 0. tricampatus 
on Limestone grassland, Moor House 1960-61. Bimonthly 
averages of the data are shown i n F i g , 3*+a. 
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animals under n a t u r a l conditions are not known. Even so, 
i t i s clear t h a t Collembola play a smaller part a t high 
a l t i t u d e s , than i s suggested by the t h e o r e t i c a l example 
f o r a meadow s o i l constructed by Macfadyen ( 1 9 5 7 ) ? where 
Collembola account f o r 6»h% of the t o t a l biomass and 1 5 « 2 £ > 

of the t o t a l metabolism i n c a l o r i e s . Cragg ( 1 9 6 1 ) has 
pointed out that t h i s i s l a r g e l y due t o the r e l a t i v e 
absence of earthworms and enchytreids i n Macfadyen 1s 
example. I t thus appears th a t the Collembola play a 
smaller part i n the general s o i l turnover on h i g h - a l t i t u d e 
moorlands than t h e i r numerical abundance would suggest. 



PART E. 

GENERAL DISCUSSION 



296 

GENERAL DISCUSSION 
1 ) I n t r o d u c t i o n . 

I n viewing the present work i n r e l a t i o n s h i p t o a 
wider f i e l d of knowledge, t h i s i s probably best considered 
from the point of view of the r o l e played by Collembola 
i n moorland s o i l s . I n the f o l l o w i n g discussion t h i s w i l l 
be reviewed i n terms of population density, general 
metabolism and the part played i n a c t u a l s o i l formation. 

2) Population d e n s i t i e s . 
Estimates of population d e n s i t i e s which occur i n 

the l i t e r a t u r e vary g r e a t l y , and a summary of the a v a i l a b l e 
i n f o r m a t i o n i s given i n Table 9 5 * Glasgow ( 1 9 3 9 ) has 
estimated t h a t i n some s o i l s Collembola c o n s t i t u t e up t o 
80 per cent of the t o t a l numbers of animals but due t o size 
diff e r e n c e s t h i s i s c l e a r l y no i n d i c a t i o n of t h e i r 
r e l a t i v e importance. 

I t has been shown (Table 86) that high average 
population d e n s i t i e s of Collembola occur i n an area of the 
northern Pennines which experiences a sub-Arctic c l i m a t e , 
and these tend t o be higher than the d e n s i t i e s which are 
recorded i n the l i t e r a t u r e f o r more low-lying areas; 
possibly t h i s may be accounted f o r by the improved 
e x t r a c t i o n technique used i n the present work- However, 
i t can be concluded t h a t , purely from the p o i n t of view of 
t o t a l numbers, Collembola are a t l e a s t as numerous on 
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Table 95* Estimates of population d e n s i t i e s from 
d i f f e r e n t s o i l types. 

Author 

van der 
D r i f t (1950) 

Poole (1961) 

General 
h a b i t a t type 

Forest s o i l 

Vegetation Density i n 
and/or s o i l thousands 

type 
Fagus mor 

Pseudosuga 
l i t t e r 

per 

0.7 

kO.O 

Forsslund (19^5) 
Glasgow (1939) 
S a l t et al.(l9H8) 
Weis-Fogh (1948) 
Schaller (1949) 

D h i l l o n and 
Gibson (1962) 

Hale 

Heath Vaccinium 15.0 
27*0 * 
43-0 
8.5 

15.9 & 25.0 

33-0* 

^2.92^(1960) 
4l.53*(196l) 
43. 69* ( 1960-6L) 
20.93** 

Grasslands D a c t y l i s 
Pasture s o i l 
Sandy s o i l 
Limestone 
grassland 

Loam on 
boulder clay 

Limestone 
grassland 

A l l u v i a l 
grassland 

Juncus 
squarrosus 

Strenske (1949) Fen 

Fen 

Phragmites 20.0 

Macfadyen (1952) 25.0* 
24.0*" 

Molinia 
Deschampsia 
Juncus 
subnodulo sus 7.2 

Hale Mixed moor Heather 
l i t t e r 35.17 (1961) 

*Mean f o r twelve months. 
Note. Only f i g u r e s quoted i n the l i t e r a t u r e a f t e r 1945 are 
given, as data c o l l e c t e d previous t o t h i s date give very 
low estimates of population d e n s i t i e s , due t o the 
i n e f f i c i e n c i e s i n the e x t r a c t i o n methods used. 
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moorland areas as elsewhere, and t h a t i n a l l p r o b a b i l i t y 
denser populations occur i n t h i s h a b i t a t . 

3) Biomass and general metabolism. 
The estimates of biomass given e a r l i e r tend t o be 

smaller than the estimates appearing i n the l i t e r a t u r e 
(Macfadyen 1952, 1962) f o r reasons already discussed. 
Whilst numerically Collembola c o n s t i t u t e a large p r o p o r t i o n 
of the fauna, from the point of view of t o t a l biomass they 
c o n s t i t u t e only a small percentage. From data obtained 
during the present work, Cragg (1961) has compared the 
biomass and r e s p i r a t i o n of Collembola w i t h other groups of 
the moorland s o i l fauna, and w i t h the fauna of two of the 
s i t e s studied by Bornebusch (1930). This data i s 
summarised i n Table 96. From t h i s i t can be seen t h a t 
both from the point of view of biomass and general 
metabolism the Collembola form a r e l a t i v e l y unimportant 
part of the fauna of Limestone grassland and Juncus 
squarrosus moor. However, on heather moor Collembola 
play a greater part i n the general metabolism. Biomass 
f i g u r e s f o r mixed moor are l i t t l e below those f o r Limestone 
grassland, i e . about O.^g/m2, and Cragg (1961) has 
estimated that on t h i s s o i l type Collembola account f o r 
l.k per cent of the t o t a l biomass. Thus i t appears t o be 
on mixed moor that Collembola are of most importance on 
upland s o i l s , from the point of view of t o t a l metabolism. 
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Table 96. A comparison of biomass ( l i v e weight) and 
r e s p i r a t i o n f o r two of the Bornebusch (1930) s i t e s and 
two of the Moor House s i t e s . Modified from Cragg (1961). 

S i t e Collembola 

at 13°C) 

T o t a l fauna 

g/m Respiration g/m' 
(mg.0o/m2/hr 

Res p i r a t i o n 
(mg.02/m2/hr 

at L3°C.) 

Limestone 
grassland 

0.6 
(0.3%) 

1.1 
(2.0%) 

189-7 5>+-9 

Juncus 
squarrosus 

0.1 
(0.1%) 

0.3 
(0.3$) 

78.0 107.0 

Quercus mull 
Bornebusch 

(1930) 
5-2 

(5-85.) 
9.6 
(25.5*) 

90.1 37-7 

Picea raw humus 6.8 20.0 
Bornebusch (13.6$) (22.9%) 
(1930) 

50.0 87A 
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The f i g u r e s quoted by Bornebusch (1930) are, i n the 
op i n i o n of the present w r i t e r , much too high. 3iomass 
f i g u r e s of the order of ten times those recorded from 
Moor House are claimed f o r d e n s i t i e s f i f t y times smaller, 
even where many of the same species occur i n both areas. 
Thus no good comparison can be made between the Moor House 
s i t e s and the Bornebusch s i t e s . However, i t i s worth 
noting that Macfadyen (1962) also quotes a high f i g u r e 
(13.4£) f o r the r e l a t i v e metabolic a c t i v i t y of Collembola 
i n grassland s o i l ; here, again, biomass estimates, on 
which the c a l c u l a t i o n s of metabolic a c t i v i t y are based, 
are probably too high. 

A f u r t h e r important point a r i s i n g from the small 
percentage biomass of Collembola i s that because of t h i s 
they can form only a r e l a t i v e l y unimportant p o t e n t i a l 
source of food f o r predators, and, from the q u a n t i t a t i v e 
point of view, a r e l a t i v e l y i n s i g n i f i c a n t part of the t o t a l 
food web on moorland s o i l s . 

k) The l i f e cycles of Collembola i n a sub-Arctic 
climate and t h e i r e f f e c t on the c o n t r i b u t i o n t o the general 
s o i l turnover. 

Apart from t h e i r metabolic a c t i v i t i e s during l i f e , 
l i k e any other s o i l animals Collembola c o n t r i b u t e t o the 
general s o i l turnover on dying, on the breakdown of the 
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body by s o i l micro-organisms. Thus, i n areas where 
several generations occur each year t h i s type of c o n t r i 
b u t i o n i s greater than where few generations occur. I t 
has been shoxm that i n the sub-Arctic climate of the 
northern Pennines only one, or at the most two generations 
occur each year, and that metabolism i s accelerated by 
higher temperatures and retarded by lower temperatures. 
C l e a r l y , then, the annual c o n t r i b u t i o n of Collembola at 
high a l t i t u d e s i s i n t h i s way smaller than i n areas having 
a milder climate. 

Whilst many s o i l animals l i v i n g under sub-Arctic 
conditions are a c t i v e at low temperatures, t h i s i s 
p a r t i c u l a r l y noticeable i n the Collembola where there i s 
apparently no diapause, and most species are f u l l y a c t i v e 
j u s t above freezing point (Kuhnelt 1950). Choudhuri (1958) 
and South (1959) found threshold temperatures of about ^C, 
below which no egg development occurred. The l a t t e r 
author also found t h a t i n the f i e l d Entomobrya m u l t i f a s c i a t a 
l a i d only when the temperatures exceeded 5°C, and l a y i n g 
ceased when temperatures f e l l below t h i s l e v e l . I t was 
found during the present work th a t eggs l a i d by Moor House 
Collembola would develop i n a temperature as low as 2 ° C 5 

and some i n d i v i d u a l s l a i d eggs at temperatures not 
exceeding 3°C Whilst Choudhuri and South worked on 
Collembola from low-lying areas, the present work i s 
r e l a t e d to Collembola l i v i n g normally i n a sub-Arctic climate; 
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i t thus appears possible that there i s a p h y s i o l o g i c a l 
mechanism allowing the Moor House forms t o carry out 
b i o l o g i c a l processes a t temperatures below those a t which 
i t i s possible f o r the same processes t o be c a r r i e d out a t 
lower a l t i t u d e s , i n a r e l a t i v e l y warmer climate. I t i s 
thus possible t h a t , w h i l s t c o n t r i b u t i n g r e l a t i v e l y l i t t l e 
t o the s o i l by way of decaying animal remains, Collembola 
c o n t r i b u t e r e l a t i v e l y more t o the s o i l turnover than other 
groups by remaining a c t i v e a t low temperatures. 

5) The r o l e of Collembola i n s o i l formation. 
I n the l i v i n g s t a t e Collembola c o n t r i b u t e t o the 

s o i l i n two d i f f e r e n t ways. F i r s t l y , they remove from i t 
m a t e r i a l which i s ingested i n t o the gut and, secondly, 
they produce f a e c a l p e l l e t s which are added t o the s o i l . 
Collembola have been recorded taking i n t o t h e i r guts fungal 
mycelia, d e t r i t u s , arthropod excreta and mineral p a r t i c l e s 
and i t i s clear t h a t everything t h a t i s ingested must not 
be regarded as food (see pages 70 and 71). I n a l l 
p r o b a b i l i t y p a r t i c l e s are ingested f o r t h e i r f u n g a l or 
b a c t e r i a l content and t h e i r p a r t i a l breakdown by Collembola 
may be an important f a c t o r i n t h e i r being made more r e a d i l y 
a v a i l a b l e to other decomposers. S t o c k l i (1950), Dunger 
( 1 9 % , 1958) and Schuster (1956) have drawn a t t e n t i o n t o 
t h i s aspect of s o i l formation by Collembola and mites and 
have considered t h e i r r o l e i n humus formation. Poole 
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(1959) has suggested that Collembola may play an important 
part i n the dissemination of f u n g i , and i n the breakdown 
of faeces of l a r g e r arthropods. Doeksen (pers. comm.) 
has demonstrated the presence of bacteria which break down 
c h i t i n i n the i n t e s t i n e s of Collembola, I t has been 
recorded i n the present work th a t Collembola eat t h e i r own 
c u t i c l e s , and i t i s possible t h a t they ingest c h i t i n o u s 
m a t e r i a l i n the form of remnants of other arthropods. 
I n t h i s way Collembola may play an important r o l e i n 
making c h i t i n o u s m a t e r i a l r e - a v a i l a b l e i n the s o i l . 

Zachariae (1962) has concluded that the c o n t r i b u t i o n 
of Collembola t o the mechanical and chemical breakdown of 
the s o i l i s i n s i g n i f i c a n t i n f o r e s t s o i l s - The weight 
of evidence suggests that t h i s i s , i n f a c t , not the case. 
I n a d d i t i o n to what has already been said there i s the 
a d d i t i o n a l evidence of what has been termed by Mu l l e r 
(1879, 188*+) "insect mull" s o i l s . Probably the best known 
of these i s the A l p i n e P i t c h Rendzina of Kubiena (1953? 
1955) where the A^ and A^ horizons are l a r g e l y of copro-
genous o r i g i n , w i t h the presumed collembolan faeces 
forming layers up t o 30 cm. deep. Schaller (1950) has 
cal c u l a t e d t h a t populations of Collembola of the order of 
100,000 per m2 produce 183 cc. of faeces annually, which i s 
equivalent t o a s o i l layer 0.2 mm. i n depth. However, 
t h i s disregards breakdown by leaching and b i o l o g i c a l 
a c t i v i t y which, under the c l i m a t i c conditions p r e v a i l i n g 
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i n the northern Pennines, would occur r e l a t i v e l y q u i c k l y . 
Zachariae (pers. comm.) has expressed the opinion t h a t the 
A l p i n e P i t c h Rendzina has been produced not by Collembola 
but by Enchytreidae; however, since no d i s t i n c t i o n can a t 
present be made between the f a e c a l p e l l e t s of the two groups, 
t h i s cannot be regarded as established. 

Kubiena (1955) has described how a coprogenous s o i l 
(peat moder) can be derived from undecomposed peat, i f the 
water table i s lowered. Whilst the p o s s i b i l i t y t h a t 
Enchytreidae may be responsible t o a large extent f o r the 
formation of coprogenous s o i l s , since the density of mites 
and Collembola together exceeds that of Enchytreidae on the 
mixed moor, i t seems reasonable t o assume tha t they play at 
least an equal part i n the accumulation of f a e c a l m a t e r i a l 
i n such a s i t u a t i o n . 

On peat s o i l s , the r e l a t i v e importance of Collembola 
i s increased by the absence of earthworms and m i l l i p e d e s . 
According to Kubiena (1955), Blower (1956) and van der 
D r i f t (1951) mi l l i p e d e s are l a r g e l y responsible f o r the 
formation of ' m u l l - l i k e moder1 i n some f o r e s t s o i l s . 

Whilst on the face of i t Collembola may not appear 
to be of great importance i n the general s o i l turnover i t 
may be t h a t i n the comminution of plant residues and i n 
t h e i r a c t i v i t y i n raw humus they play an i n d i s p e n s i b l e r o l e ; 
t h i s aspect of the a c t i v i t y of Collembola i n the s o i l should 
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be c a r e f u l l y assessed i n f u t u r e work on the feeding 
a c t i v i t i e s of the group. 

6) Conclusion. 
The present study has involved the discussion of 

the relevant l i t e r a t u r e under the various aspects of the 
work, and a general discussion as to the r e l a t i o n s h i p of 
Collembola t o s o i l formation has been made. The work 
consists mainly of a f a c t u a l a d d i t i o n t o our meagre 
knowledge of the biology of Collembola, and i n p a r t i c u l a r 
t o our knowledge of upland forms. I t i s clea,r t h a t t o 
o b t a i n a comprehensive p i c t u r e of the e c o l o g i c a l importance 
°£ Collembola on moorlands, a great deal of work w i l l be 
necessary i n the f u t u r e , and p a r t i c u l a r problems have been 
o u t l i n e d i n the t e x t . S u f f i c e i t t o say t h a t t h i s t h e s i s 
provides a fragment of i n f o r m a t i o n on moorland animals, 
and, as such, contributes t o the study of moorland ecology. 
To quote from Cragg (1961), provided t h a t the aim of 

the main study i s remembered .... what are the f u n c t i o n s of 
these organisms i n the b i o l o g i c a l h i s t o r y of moorlands?.... 
then fragmentation should increase our understanding, not 
lessen i t 1 1 . 
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SUMMARY 

1. A study of the Collembola of the Moor House N a t i o n a l 
Nature Reserve, Westmorland, which experiences a sub-Arctic 
c l i m a t e , i s described. 
2. 56 species of Collembola are recorded as being c o l l e c t e d : 
three of which are new to the Moor House Reserve, and one, 
(Anurida f o r s s l u n d i ) t o the B r i t i s h l i s t . Notes on the 
taxonomy and autecology are given. 
3. Reproductive behaviour i s described and the conclusions 
of Mayer (1957)? th a t spermatophores are not produced by 
members of the Poduridae and Onychiuridae, are supported. 
4. Spermatophores of Tomocerus minor and Dicyrtoma minuta 
are described, and the methods of r e t e n t i o n of the sperm 
droplets at the t i p s of the s t a l k s , by a loop i n the case 
°f T> minor, and by a special c o n i c a l s t r u c t u r e i n the 
case of D. minuta, are considered. 
5. Methods of sperm t r a n s f e r are discussed, and the 
p o s s i b i l i t y of the use of the v e n t r a l groove and v e n t r a l 
tube considered. 
6. Oviposit i o n i s described; i t may take from two minutes, 
i n Isotoma s e n s i b i l i s , to eighty minutes i n Dicyrtoma 
minuta, to lay a s i n g l e egg* 
7. Mean egg batch sizes i n mass c u l t u r e s may vary from 
4.6 i n Onychiurus procampatus to 34.9 i n Isotoma olivacea. 
I s o l a t e d females may lay more eggs, up t o 51 being recorded 
i n a single l a y i n g period by Isotoma v i r i d i s . 
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8. I n Lepidocyrtus lanuginosus the mean egg batch size 
increases w i t h age, from 5*7 at 8 weeks ( f i f t h i n s t a r ) 
to 36.3 i n a d u l t s . 
9. T u l l b e r g i a krausbaueri i s able t o lay i n the t h i r d 
i n s t a r , but i t i s more usual f o r egg laying t o begin i n 
the f o u r t h or f i f t h i n s t a r ; t h e r e a f t e r eggs are l a i d a f t e r 
each moult up t o the f i f t e e n t h . 
10. I n T. krausbaueri the number of eggs l a i d during each 
period of o v i p o s i t i o n increases u n t i l the seventh or 
eighth i n s t a r , and afterwards decreases. 
11. Estimates of the t o t a l number of eggs l a i d during 
l i f e are made; i t i s suggested t h a t most Moor House 
species have about three periods of o v i p o s i t i o n during 
which about 90 eggs are l a i d . 
12. Laying occurs mainly i n spr i n g , but i n some species, 
eg. Onychiurus procampatus^ 0. tricainpatus* T u l l b e r g i a 
krausbaueri, l a y i n g continues throughout the summer. 
Lepidocyrtus lanuginosus lays mainly i n autumn. Dicyrtoma 
spp. have two periods of o v i p o s i t i o n , i n summer and 
autumn, corresponding w i t h two generations. 
13. Egg development i s described, and development periods 
at d i f f e r e n t constant temperatures are recorded. I t i s 
shown that i n t h i r t e e n species the product of the 
development time i n days and the temperature i n degrees 
centigrade i s a constant. 
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14- Graphing the development time i n days and the 
temperature i n degrees centigrade, a hyperbola i s obtained 
i n a l l cases. 
15* Constants are calculated f o r constant temperatures and 
f o r f l u c t u a t i n g temperatures, and i t i s shown that these 
can be used f o r f o r e c a s t i n g the development time of eggs 
i n the f i e l d . 
16. Eggs of Hyppgastrura d e n t i c u l a t a were kept f o r t e n 
days a t -7°C. and then allowed t o develop a t h.5°C. The 
frozen eggs, when placed at 4#5°C. took a mean len g t h of 
time of 95-1 days to develop, as compared w i t h 91*6 days 
i n the unfrozen eggs. 
17. The number of pre-adult i n s t a r s i s recorded f o r 
several species, the data being obtained from l a b o r a t o r y 
c u l t u r e s and from the f i e l d , as f o l l o w s : 
H. den t i c u l a t a 5? T. krausbaueri 3? 0. f a r e i f e r 6, 0.latus 6, 
0. procampatus 5 and 0. tricampatus 5» 
18. Dyar !s r u l e i s found t o be upheld. 
19. The differences i n chaetotaxy i n successive i n s t a r s 
i s described i n 0. f u r c i f e r , 0. l a t u s , 0. procampatus and 
0. tricampatus. 
20. The dura t i o n of d i f f e r e n t i n s t a r s a t 15°C i s recorded, 
and i s found t o increase w i t h age. 
21. Constants are calculated from the products of the 
development time i n days and the temperature i n degrees 
centigrade, f o r constant and f l u c t u a t i n g temperatures; 
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times taken to a t t a i n maximum size i n the f i e l d are 
calculated from these constants and found to approximate 
to recorded times f o r f i e l d development. 
22. Sex r a t i o s i n four species are determined; these 
vary from e q u a l i t y i n 0. tricampatus t o 100/2 females i n 
0. procampatus^ where a form of parthenogenesis occurs. 
23- The age d i s t r i b u t i o n of 0. procampatus and 0.tricamp
atus i s shown over two years, and tha t of 0. l a t u s over 
one year. I n the f i r s t two species a l l age groups 
( i n s t a r s ) occur throughout the year; i n 0. l a t u s f i r s t 
i n s t a r s occur i n May and June and the species overwinters 
only as a d u l t s . 

21+. I t i s shown that i n some species at l e a s t , the 
c r i t e r i a f o r the d i v i s i o n of the Onychiurus armatus species 
group are v a l i d . The taxonomy of the group i s complicated 
by a form of thelytokous parthenogenesis. 
2^. For studying population ecology a m o d i f i c a t i o n of the 
Kacfadyen high gradient c y l i n d e r was used to e x t r a c t 
Collembola from s o i l cores. Population d e n s i t i e s of up 
to 230,000 per square metre are recorded. 
26. A f l o t a t i o n e x t r a c t i o n technique f o r peat s o i l s i s 
described, and t h i s i s found to have the same e x t r a c t i o n 
e f f i c i e n c y f o r t o t a l Collembola as the high gradient 
c y l i n d e r ; 0. l a t u s and I . v i r i d i s are extracted more 
e f f i c i e n t l y using the f l o t a t i o n apparatus. 
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27- The presence of aggregations i n Collembola i s 
demonstrated by the use of the C o e f f i c i e n t of Dispersion, 
and the f a c t t h a t the frequency d i s t r i b u t i o n of sample 
u n i t values d i f f e r s s i g n i f i c a n t l y from normal- The 
b i o l o g i c a l s i g n i f i c a n c e of aggregation i s discussed. 
28. The v e r t i c a l d i s t r i b u t i o n of Collembola i s considered 
w i t h respect t o 0-3 cm. and 3-6 cm- layers i n mineral s o i l s . 
S i g n i f i c a n t l y higher proportions of Collembola are found 
i n the lower layer i n slimmer and w i n t e r . The evidence 
suggests a v e r t i c a l m i g r a t i o n , but i t i s possible t h a t the 
data show only a d i f f e r e n t i a l m o r t a l i t y . 
29* An ecological d i f f e r e n c e between 0. procampatus and 
0. tricampatus i s shown; i n d i v i d u a l s of s i m i l a r size occur 
at d i f f e r e n t depths, the former species being a surface 
form, the l a t t e r dwelling deeper. 

30. Spring and autumn peaks i n population d e n s i t i e s are 
shown i n t o t a l Collembola, and these probably correspond 
to two generations i n some species. 
31. Population d e n s i t i e s f o r s i n g l e species show: 

1) A single annual peak i n Isotomidae, probably 
corresponding t o a single generation. 

2) Two annual peaks i n F. m i r a b i l i s . 0.tricampatus* 
T. krausbaueri, Folsomia spp., and t o t a l Symphypleona. 
probably corresponding t o two generations. 
32. I n considering the Collembola of eroding moor i t 
appears that t h e i r d i s t r i b u t i o n i s governed by p h y s i c a l 
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f a c t o r s which bring about a l t e r a t i o n s i n the water content 
of the h a b i t a t . The fauna v a r i e s from h y d r o p h i l ( t y p i f i e d 
by I . antennalis) on wet areas recolonised by Sriophorum 
angustifolium^ t o x e r o p h i l ( t y p i f i e d by Tetracanthella 
wahlgreni)on the dry hagg l i p . 
33• Q u a l i t a t i v e and q u a n t i t a t i v e d ifferences between the 
fauna of Limestone grassland, A l l u v i a l grassland, Heather 
l i t t e r and Juncus squarrosus are considered; r a r e r species 
are b e t t e r i n d i c a t o r s than the commoner ones, of d i f f e r e n c e s 
between vegetation types; a s i g n i f i c a n t d i f f e r e n c e i n t o t a l 
numbers of Collembola occurs between a l l four v e g e t a t i o n 
types; Limestone grassland c a r r i e s the highest mean annual 
population density (52.92 x 10^ per m2) and Juncus 
squarrosus the lowest (20.93 x 10 J per m°). 
3*+. No d i f f e r e n c e i n population density occurred i n the 
d i s t r i b u t i o n of Collembola i n and between the r o s e t t e s of 
Juncus squarrosus. 
35» On the mixed moor T. wahlgreni i s found t o be associated 
w i t h d r i e r areas characterised by Cladonia, and F.brevicauda 
w i t h wetter areas of Sphagnum. 
36. Biomass f i g u r e s are given f o r 0. procampatus and 
0. tricampatus and estimates are made from these concerning 
t o t a l biomass of Collembola. Average biomass estimates 
are 0.31 g/m2 f o r Limestone grassland, O.37 g/m2 f o r 
A l l u v i a l grassland, 0.29 g/m2 f o r Heather l i t t e r and 
0.15 g/m2 f o r Juncus squarrosus. 
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37* The r o l e played by Collembola i n moorland s o i l s i s 
discussed from the points of view of population d e n s i t y , 
general metabolism, and the part played i n s o i l formation; 
w h i l s t on the face of i t Collembola do not appear to be 
of great importance i n the general s o i l turnover, i t may 
be t h a t i n the comminution of plant residues, and i n t h e i r 
a c t i v i t y i n raw humus, they play an indispensible r o l e . 
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