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I, General Introduction,

The enimal group with which this work is concerned
is & primerily wingless or&er of Insecta which includes
some of the most ubiquitous of enimals, Collembola
have been recorded as the first colonisers of embryo
soils formed by weathering of rock on mountesins and
occur at a considerable density in most soils, They
are also common in environments ranging from the leaves
and flowers of higher plants to rock pools and the
littoral zone of the ses shore, The present investi-
goation is‘resﬁricted to specles which are typiecaelly
soil dweliing.

The solil, as has been adequately shown by previous
‘pedologicael studies, consists essentially of a system
of inorgenie and dead orgenic particles, the interstices
‘of which support a wealth of plant and animal life,

'In this system the roots of higher plonts, fungal
mycelia and other plent orgenisms exist in association,
or competion, with a vast assembly of animal forms
varying in size from minute protozoa to the lavger
invertebrate and burrowing vertebrate specles. In

this s0il feune distinction can be made between two/
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types; in the first of these only part of the life

cycle, usually en imuature stage, is spent in the

sciia The second type, in which the whole life is
passed in the soil, norwally forms the mejor part of

the soil fauna, This second group can be conveniently
sub~divided further into those which burrow asstively in
soll, ineluding the Lumbricidee or earthworms, and those
which meke use of pro-exigting pores and cavities in the
5011l including most of the smaller forms, from

protezoe, living in the water film on soil particles, to’
“the arthropoed groups of mites, Collembola, Myriapods énd,
more rorely, Crustscen, In his review of the soil fauns,
Fenton (1947) clessified the members of the fauna in three
groups based largely on size; those of less than 40m
were termed micro-feuns, whieh includes protozon, small
nematodes, rotifers and so on; those of 49utc several
centimetres were termed mesofeuna and included lergely
nematodes and annelids, as well as so0ll insects and
mites; while those larger then a few centimetres were
termed maecrofauna and consisted of the vartébraﬁe
members of the soil fauna, Murphy (1953) preferred

the term maiofamna'to mesofeuns on the ground that this
group had more affinities to the mierofoune due to the

inability to burrow in the soil,

The importance of Lumbricidae in top soll formeation/
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and in the break-down of plant debris in the soll was

recognised by Darwin (1881) but only in more recent

yeors has consideratlion been glven to the possible

@ffect of the soil arthropods in this connection,

The potentisl lmportance of these animals invﬁhe

s0il has led to many investigations of the papulaﬁionﬁ

of scillmicromarthrﬁpods including Collembola, Anong
the earliest quantitative works on the soil fauns in
Britein are those of Morrls (1921, 22, 27) end Thompson
(1924), whose pioneer work includes the first estimates
of populations of grassland end arable soils, with imp-
roving technique, subsequent investigations of the
foauna of different soils have been nmade, yielding more
pracise estimetes of populations, Table 1 shows some

of the more important quantitatlve works on the mesofauna,
inciuding CGollembola, which are aveilable,

Studies of the bilology and life history of
gollembola are less mamerous than population studies
although the order is of particular interest because‘
there is no metamorphosis and all sge groups in the
population have similar feeding hablts end biology.
Previous investigation of 1life histories has been
restricted meinly to a few specles ineluding two

vhich have achieved/
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economic importance, viz., Sminthurus viridis (L.)

(MacLagan 1932) snd Hypogestrurs manubrislis Tullb,

(Ripper 1930)s Other specles whese blolegy have

been studisd sre He., purpurascens (Labb.) (Strebel 1932),

Orecheselle spp. (Lindemsnn 1950) snd H, armata (Niai)ir

(Britt 19%51)., The lack of information is, in part,
due %o th&ldiﬁficulﬁy of directly obsorving such small
and often subterrancan animals in the field and also
to the striet condltions necessary for successful
rearing in the laboratory,

The most important physicel factor influencing life
in the soil is the high relative humidity present in
the pore spaces, Thamdrup (1939) has shown that in -
temperate climatic conditions, the level of relative
humidity in the alr spaces of the soll 1s rarely less
than ssturation. The relative humidity in the soil
is appreclably lowered only under @xtrame~drqqghﬁ

conditions, The almost constant high humidfﬁy of the

environment is associasted with a lack of resistance to

b

daaia%aﬁiQn'ggw%any goi) arthropeds., Davies (1928)
ahawaéxthat‘susceptihility to desicecation was most
merked in normally solil-dwelling Collembola,

- "The gaseous composition in the alr spaces. at

different levels in the soil is unknown, Where/



»
chemlernl breok-down of orgenlie maderial is
prograssing rapldly much cerbon dioxide is produced,
Although theére wlll tend to be on equilibrium with
the atmospheric alr, al certsain levels in the soil
there may be a considersble concentration of corbon
dioxide, In stered products infested with the mite

Acerus airo (L.) such a high concentration of carbon

dioxide doaes occeur and it hags been shown by Hughes

. {1945) that this mite chows a resistanee to high

concentrations of earbon dloxide in the air, A study

by Ruppel (1953) of the physilology of various specles

"of (Qollembola showed that typicolly soil-dwelling

Collembola had & higher resistance to concentrations
of carbon dioxide than other spoecies,
The effect of hydrogen-~ion concentration of the
$011 on Collembola iz a matter of controversy., MecLagen

(1932} has shown that in Sminthurus viridis (L,),

normally an inhabitant of surface soil and leaves of

{planﬁs, ﬁydré@éﬁ-ium gconcentration affects agg-laying,

reproduction and growﬁh,‘but no evidence is avallable
of o similar effect in soil-dwelling speciles, Glsin
(1944) considered, on the basis of extensive qualitative

50il sempling, that soll Collembola c¢ould be divided/
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into acidophil and basophil groups sccording to the
frequency of their occurrence in acid or basic .soils,
Other workers, including Agrell (1941), consider this
factor t0 have 1little dimportance in the disgtribution
of Qollembola, .

Of the feeding of Collembola, there is also a
scarceity of published information, The report of
MaeNamera (1924) and records of those specles injﬁrioﬁs
to cr?ps Folsom (1933) ahd also the preference experiments
of"ﬂﬁ;ebel (1L932) are our maih‘éﬁubées of information,
Schaller (1950) has worked on the quantitative effect
on hnmmS'pradueﬁion of the féeding qf'varioﬁﬁ gpecies
but in' both this and the othér aspects of the bionomics
- of Collembola meny questlions are as yet ununswered,

“In éhe present work an attenmpt has beeh made 4o
detérmine guantitatively the population of Collembola
present in soil and litter under cover of bracken

Pieridium equilinum (L.) Kuhn, This popalation is

compared with that found in two adjacent areas of moor -

and meodow grassland, The fluctustion of the population
in bracken solil was cbserved over & period of two years,:
A fleld investigation was also made on the effect of lime

and phosphate scil trestment on the populations of soil/



Collembola,

Leboratory studies of verious speeies found under
bracken were carried out in relation to the reproduction
and life higtéry of gevernl speeles and their resistanee
or susceptibllity to atmoapheraslwith high carbon dioxide
eoncéntratian& and to low humidit& canﬁiﬁganm. The
food,pr@ferences of wvarious speciesﬂﬁgz?;iso gtudled,

The results obtained from the laboratory studies

are discussed in relation to the fleld investigations,



IT Pield Studies
A, Introduection
The investigations included in this part of the
work are firstly an attempt to define the quantltative
distributlion of (ollembolan species in thres bilotopes:,
moorland with bracken and grass-cover and adjacent
meadow, Secondly, the observation, by repesited sampling
over o period of two ysars, of seasonal fluctuetions in
 $12@ and dlstribution of the population in the soil and
'humué under bracken; end thirdly, tc determine whether
chemical 'fertiliser' applications to the soill hsd an
- eppreciable effect on the (ollembolan population,
In oxder thal the resulis should be as r@presentativg
as possible, the number of sauples was large enough
to be consistent with theoreticsl requirements for
estimates of soll populetion, although vractical
conslideration of processing difficultles lmposes
some restriction. As & prelimitiary to field
investigations of the soll Touna, a consideration
of suilteble meithods of sampling and extraetion of the
fauna 1s essentlal.
# ‘The bterm biotope is used as defined by Gisin (1944)
in distinction from habitat whieh is taken to describe

a parbticuler type of micro-envirconment within the
biotope.
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The methods employed in 5011 micro~arthroped studies
can be consldered in two categories; firstly the size
and mumber of samples tmk@ﬁ[ﬂﬂd secondly, the mesns by );

.wpich the fauns is'separated and collected from the
" ssmples, Relatod to the first of those categories i
th@*question of expression of the population observed
in terms of soil surface area or volume of material,

The earliest quantitative field studies on soil

" miero-arthrepeds, ineluding Collembola, in this
country are those of Moryils. (1921, 1922, 1927) and
 Thompson (1924), These investigations were concerned
with the vopulation of grass and arable land and have
set a pattern for mach of the subsequent research on
the so0il fauna hera, not only in the type of cenvironment
sﬁudied, but also in extraction metheds, Both Morris
(1L227) and Thompson (1924) used a combination of hsnd
gorting and wet sieving which is the predecessor of
modern flotetion wethods of extraction, The bagis of
flotation-extraction methods is the system introduced
by Ladell (1936) whiéh involyved flotation of the
-organiec constituents of the soll semple in e sclution.
of wagnesium sulphate after preliminsry bresk-down of
the larger soil particles and agitation of the saﬁple

in thé solition, The investigations in which this/
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method or a modification has been used inelude
Baweja (1939) on cultivated soil at Rothamsted,
GlaSgow_(19393 on grassland. at Slgéghb 821t et al (1§48)
on pasture land at Combridge and Sheals (1956,57) on
~ 0ld grassland, The animels carl not be roadily u
separeted out by this method when there is a high
organic metter content in the soil, This may be
partly the reason for the restriction of most British
vork to arable and grass land vhere the orgenic content
of the soil is low, Modificationg by Salt and
Hollick (1948) include the attempied separation of
plant from animel material from the flotation apparstus
ot e benzene/water interface, The wetting action of
benzene on the insect cuticle results in the
transfer of the insects to the benzene side of the
interface, vhence they may be removed by a variety of
methods,  The latest improvement (Rew 1955) is in the
- addition of sodium hexameta-phosphate to the broken-up
501l sample in water whereby the dispersion of the
particles 1s enhanced,  Although laborious, there is
little doubt thet the improved flotation methods are
effective for soils with low organiec matter content
but care and experience are required of the manipulator,

The alternative extraction method which has been
widely used is the so~ealled automatic or funnel method

which i3 based on the technique employed by Berlese/



(1905) in his gualitative work on soll snimals,  The
original Berlese fuanel consists of o metel funnel
surrounded by o water Jjocket, On top of the funnel
is placed a 3ieve with a suitsble sperture size on which
the sample is placed, Desiceation of the soil

sample 1s assisted by {illing the wvater-Jjacket with
hot water, . Migration of the snimals from the sample
during desiccation resulis 1in the animals falling down
- the fumnel wvhere they are collected in a vessel
contalning water or a suitable fixative, 1In the
modification deseribed by Tullgren (1918),-for
quantitative purposes;desiccation was carcied out by
-means of an electrlco lamp sltusted above the sample;
this wos claimed to improve the extrasction because of
~the gradual decrsase in humidity from the surface
combining with tempmr&ture“ana light effects to drive
the animal downward, Tord (1937) further mecdified the
apparatus s0 that a number of smoll somples could be
accommodated glving & wmore accurabe cstimate of
pepulation, In her work on the micro-arthropods of
Greenland, Hemmer (1944) found that extraction on
funnels was more eompleté without heat being applied,
and also suggested thet it wes iaportant that semples

should be as undisturbed ag possible and that they/
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should be turnéd so that the surface soil faced
downwards, thus ellowing the enimnls to use existing
pores for migretion from the sample, Further
refinements in the funnel ftechnique were deseribed -
by H&arlov'(1947) involving mainly leaving a space"
between the smmple and the sides of the funnel ta
minimise eondensation of moisture on the sides of
the glass funnel in which small forms tend to be trapped.
The latest modifications are those of Murphy (1951)
and MecFodyon (19%3) who have designed apparatus in
wvhich undisturbed cores are subjected to very low
but continmous heating from the upper surface thue
producing a sharp humidity gradient in the sample,
These outhors stress the importence of using as low
a toemperature as ls comsistent with sueh a humidity
gradient in producing a gradual desiccetion in the
sample, These improved funnol techniques sppear to
be sulteble for litter and raw humué semples,  Thelr
use with samples of high minersl content haé been
eriticised by Raw (19%6) and Shesls (1957) who found
that semples tended to form & hard mess which
prevented migration of the animals out of the sample,

Funnel sompling methoeds have been widely used in
recent investigablons on soll faune, particularly by
Continental workers, including Agrell (1934), Frenzel

(L938), Weis~Fogh (1947), who used Berlese Funnels,/
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and Strenzke (1949) and Sehaller (1949) who used
Tullgren funnels,

The inportence of goample size snd the nmamber of
samples required to give a reasonobly aceurnte
gstimate of o £ield population has not been fully.
considered by meny workers, It has been suggestad
fox some time that s0il animels tend to be aggregoted
in their distribution, This was shown by Glasgow
(1939) in his study of (ollembola and by Salt ond
Hollick (1946) in the c&se.of elaterid larvee,
Several obther studles ineluding that of MacHadyen
(1953) support the view of o non-randomised distribution
of micro-arthropods, Thompson (1929) believed that &
single nine inch cube was sufficient to give a
representative sample of the pooulation in her
investigations but this was shown by Glasgow (1939)
10 be.unsuitable and that a large number of smeller
gamples was necessary,. The investigations of Hammer
(1944) also supported the argument that single large
somples could lead to a migleading improssion of the
popilation present in a particular biotope, From
another point of view Murphy (1953) suggests thoat

large samples tend to favour the larger members of the/
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founa, smslley arthropods being trapped in the
mess of tho aemple, From the evidence it appears
that a number of small samples is necessaey for
gquantitetive wmrk,rp&rtimulafly where the
fluctuation and distribustion of the more sbunddnt
specles 1ls being considered;

The expression of the population on the basis of
ares or volume of maverial has been a matter of some
controversy, The main argunents for expression in
terms of wvolume appears $0 be that the s0il micro-
arthropods mré‘iéflﬁannaﬁ by the amebnt of living
space mvailablé‘;"Thiﬁ opinion has been expressed
by Ven der Drift (1951) and has been accepted by nmany
of the continental workers. = Hovever as Weis-Fogh
(1948) and other workers have shown, the factor which
influences the awount of auﬁ;étrat@-available to the
individual is the volume of pore spuace or rather the
ares of the wells of the pore eavities, a measurement
difficult to meke; where the somples of which an
estimate is besed are teken from o thin, relatively
homogeneous layer, then, for comparative purposes,
the voluwe reletionghip is probebly valuable, A most

useful guide, whather the results are expressed in

terms of ares. or of volume is given by the depth of

the sample; this figure has been included by/



Van der Drift (1952) in whose work sample volume hes
been taken as the unit, MacPadyen (1952) summarises
the clalms for*ﬁblﬁﬁé and area of the fauna and
proposes that area is more logicsel for two reasons,
Firstly, the primary encrgy supplied by the sun is
applied over the surface ares of the soll being
utilised thereibyfplant material ; end secondly, the
known condensztion of the population into & relatively
thin layer between litter end true soll is linsble to
lead to misleading impressions of density.cf population
if expressed in terms -of volume of meterial which may
vary in thickness and in relative richness of founa,

As a compromise, suggested by Murphy (19%3), the
expression qf the fauna in terins of area with an
indication of depths sempled sppears to offer a
satisfactory solution until pore space measurements, as
given by Hearlov (1955), are more readily obtaineble,

In the present fleld studies units of 10 cm2 CrOosSE=-
segtional ares and 5 em, depth are used, The
estimates of the populations have been based on as
large a mamber of ssmples as pracgticable, For
comparison of the fauna of Bracken, grass moor and
meadow, twelve such samples have been teken at two

depths O - 5 cm, ond 5 - 10 cm, from each area on/
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cach sampling oceaslon, A total of 108 of the
éampleﬂ‘im used in thip investipgation, In the
seasonal invectigetion of the faune of Brecken 16
samples, also at two levels, were token on each
saupling occasion giving o total of 416 samples for
the whﬂlgjg%udy. The investigation of lime and
Q@eaghét@ applie&tians on the fauns wes besed on a
8 x 9 G?aeco»l&tin square from esch plot of which 2
rondon sampleé wareé teken on two occasiong at the
O - 5 em, level, The results Of‘thiﬁ‘ﬁtﬂdy are
based on 100 gsamples,

In the first two investigetions, exbtraction of
o founa fron the ST, U LA LT Rk petyen
out by means of a battery funnel technique/ detalls
of the apparatus belng given in an app&n&ix and fronm
the lower semples by a flotation technique similar to
that described by Raw (19%%), The aamplaé from the
lime~-phosphote experiment were also trested by the
flotation technlquie, The sample cores were token
in aluminium tubes which were held in o specially
degsigned sampling iné%rummnt. The tubes enclosing
the samples were placed in polyethyleone containers for
transport to the laboratory, The contalners were
washed out with 70% slceohol and any Collembola wvhich

hod escaped from the semple were added to the final /
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extraction, |

Afﬁéf{wxﬁraetiam, and woshing in the case of
animals extracted by flotation, the miar0~afthropods
end other soil organisms were trensferred to o
shallow trensparent counting dish, The use of
guide linea mmrking out the width of the fisl& of
the low powor micrcs@up&, under which examination of
th@ animals was méda, facilitnted sorting, The
Galléﬁbala‘fr%m sach ssmple were mounted on slides
in a gumaéhleral hydrate mountant for eubééquent
iﬁ@ntifieaxibn, éaunﬁin@ and measurement of
individuals, In the ecomparative éﬁu&y, neasurenent
af the dimensions of 1nﬁividﬁala allowed an estimate
of vmlﬁm@ éf asoch épaei&a to be mede, thus giving
an a@§reaehltc biomaéa eshimaﬁieh in terms'of volume

of animals in %h@'sampla volume,




Ba Comparison éf the populations of Collewbola in
~wvaricus Blotopes,
Deseription of the sampling aréa and methods
The sampling aree was at Drumeclog moor, near

Milngavie, Dunbartonshire, (grid ref. 26/554764)
eight miles té:tbe north west of Glasgow, The
sapples wore taken from the north erst corner of the
moor and from en adagaent meacow, The plaent cover

of this part of the moor is pradaminantlydwardus stricts

with locelised aress of bracken, The meadow plant

cover congisted of o rether poor swerd with Poo protensis

and Poa =pp. interspersed with Agropyron repens and other

rough grasseg and brood leaved weeds, The meadow had
received application éf_gweund 1ime$£ana at the rate of
tvo tons per acre in 1954, two yeers previous to the
sampling, ©

The results of chemical anclysis of the three soils
iz shown in Teble 2. The Brackon and grass moorland
profiles exhibit a foirly typieal moorland mor structure
with a digtinet layering of litter and hums, The meadow
goil, may be deseribed as o gress mull type with an
apperently even distribution of organie material throughout

the profile., The arsa is shown on a geologleal mep /
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Fig* 1* Comparison of biotopes - Lay-out of sampling plots¥*

Plate 1, View of sampling site from north.



(Geol.Burvey 1931) as lying on Celeiferous Sandstone,
Three sampling plots esch measuring 60 feet by
20 feet vere laid out as ahawﬁ in Fig, 1. Tﬁelve
samples of the surfoce 5 ems, end 5-10 cm, depth were
taken from eseh plot on three cecasions, 28th September,
1956, 26th Jenuary, 1957 and 2%rd Moy, 19%7. Samples
were taken in the sampling tubes previocugly deseribed
and immedisbtely placed in polyethylene containers for
transport to the laboratory, Surface vegetation was
romoved before sempling, Tho sampling tube wss inserted
into the upper stratum and removed with the semple by
means of o hundle which locked into the upper end of the
eylinder, The corresponding lower sample was then
obtéin@d by inserting another ecylinder through the
covity remaining after removal of the upper sample, The
Qoléambol@-w@ra Gxtr&@%ed from the upper ssmples by mesns
0f.£hé funnel éppmratua and from the lower samples by
flotation,  After mounting on slides for identification
and counting, the Collembola were measured by mesns of a
micrometer eyepiece, The means of measurements of
length, bresdth and helght in Arthropleone and of diemeters
of Symphypleone specles were used to give an estimate of
volume of each specles progent in each sampling, The
mean volume for each spseciss at the three sompling tines

ls shown in thé table in Appendlx II.
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Results
The species obtained in the three areas are shown
in Table 3, This includes all the speclies obtained in
the quantitative ssmples and also several species
from larger qualitestive samples which were taken

occaslionally. The list includes one speciles Qnychiurus

armatus Tullberg, sensu Gisin new to Britain and a
species, new to Seience, subsequently described by
Gisin (1957) from specimens supplied from Mllngovie,

s Sminthurinus flammeolus n,sp. One species of

Proisotoma was nolt determined, This specics apresrs

fo be closely related to P, minima (Absolon) but
characters of the furca prevented inclusion under this
specles, Unfortunately insufficient well preserved
material was available to describe this species
adenuately, Of the specles obtained in quantitative
samples and forming more than $% of fhe population two
vore restricted to the meadow site, namely Onychiurus

uliginatus Gisin and Folsomia fimetaria (L.). No

speclies were restricted to either of the bracken or
grass moorland sites but three species found in both

vere not present in the meadow, namely Q. procampsius

Gisin, ¥, ecandida Will, and Sminthurides schotti Axels,

In the gquantitstive sanples T, krausbauverd and /




Bracken Orass Meadow

- Hoox

Tullbergis callipyges Hoornor X% Re? %
Po kraugbonerd (Boernen) 2348 1645 3149
Te quadrigping Doerner 645 39 1.0

#* Opyehluras armatus Pullborg soneu Gisin z
Qs latus Gigin b x

0 O, fureifor Boormer %
Qe provompetus Giain 16,0 11,4 ‘
04 uliginatus Glyin 106
Friesoa mirabilis {ii‘mlmmg} x e 106
Heanura muscorun (Temploton, %
Brashystomella pazvula {Schacffer) BeT 10,8 17
Hypogastrura dondiculata (Dagnall) x % T+1
Amrida comellinii Gigin X . x
Foleonia candida Willem Ted Bt '
Fo fimetaria (Im) 69‘{- ‘
Pe manolachel Bagnall 648 1.3 242
¥e quadrioculata (Tullborg) 9e3 1640 5.4
Teotoms notabilis Schaeffer A i
T viridis Bonrlet _ ‘ 182 221 15:9
Teotomiella minoy (Schacffex) % %

o Proisotonu sps b
Lepldocyrtus lanuginosus (Gmelin) 1

o Pomocerus vulgaris Tullbers b3

o Peendosinella immaoulats (Lie - Pottersen) X
Arrhopalites sericus (lein b4 4
Sminthurides seh84ti Axeleon 9«1 1041
S pumilis (Krausbauer) % 16 Let

+  Sminthurinue flamngolus Gisin % x x
Se auveus {(Lubback) v. ochropus (Rewber) %
Sminthurus vividis (L, x
Rumber: of species 21 21 17

Toable 3 ¢ List of species pressnt in three sampling areas and
percentage composition of populebions

gpecies new to Britaine

spacies new to Sdiences

in gualitative souples only.

indicates mpocies present but formivg less than 1% of
total population of Collemboles.. -

Mo+ K
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0, procampatus were sbundant in bracken and gross

mooriand, In the meadovw site T, krausbaueri was

always present in relatively large numbers, However
there was some variation in the proportions of the
various species on the three sampling occasions
(Table 4) which necessitates separate considerstion
of each sampling,
First sempling « September 19%6,

In this sampling the fauns of the bracken site

vas dominated by 7. krausbsueri, 0, procampaiug,

B, paivuls and P, candide, The other specles forming

more than 5% of the populetion were J, menolachei,

¥, quadrioculuta snd Sminthurldes schétti, The grass

moorland samples were dominated by T, krausboueri,

Q. procampotus and B, parvula with ¥, manolachei and

T, quadrioculats as the other species forming more

than %%. The wost abundant speeles in the neadow site

were T, krousbeauerl, 0, uliginotus and H, denticulato,

L

Folsomls fimeteris, F. quadrioculata end I, viridis

vhich each formed wmore than 5% of the populatiocn,
Second sampling - Januery 1957,
On this occasion the brscken founa had ageiln

7, krausbeueri and Q, procampatus as the most /
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abundant species with F, manolachel and 8,schétii

next in abundance, The grass moorland site

had T, kreushsueri and , orocaumpatus as abundant

members with 8, schotti, ¥, manolachei and T, guadrioculata
also forming & large part of the population, In the

meadow site T, krausbhbasuerl and Trieses wmirabills were

the most numerous with Isotoma wiridis next in sbhundance

and with Q, uliginatus in smeller mambers than in the

first sampling.
Third sampling - May 1957,

In this sampling the bracken samples had

T, krausbaueri snd @, procampatusg as the most nmumerous

species with ¥, guadrioculsia also important numerically,

Grass moorland somples had Folscmie quadrioculata

as the dominant speolss with T, kraugbauerl, B, parvula

and Q. procsmpatus forming the largs part of the other

gpecles pr@san%. The meadow samples had T, krousbauveri

and I, viridis as the most abundant species with

Hypogastrura denticulata and 0, uligineius also prosent

in numbers representing large proportions of the
population,

The percentages of the specles present expressed /
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in, terms of bedy volume (Table 4) gives differences
in ranking from that given by numerical data, This

is shown particularly by 7. krausbsueri vhich is a

small specles and, although numerically abundeant in most
of the samples, is a minor ¢onstituent of the population
in terms of wvolume of individusls or biomass,

The distribution of each species throughout the
hiotope, as measured by the percentage of samples in
vhich the species occurs, is of some importance and
in most continental studies of soll populstions use is
made of the frequency classes of Krogerus (1932), Those
species occouring 1n 507 or more of the swmples are
considered constant, Thosge ogecurring in less then 507
of the samples but in 204 or more are called accessory
and those oceurring in less then 20% ore called
acclidental, ALl the abundant species in the ramplings
waré consteny , The frequenclies ere shown in Table 5.I

" The results of statistical analysis of the squorew -
oot transformed date of the occurrence of the more
sbundant species common 1o bracken and other sompling

sites, nanely T, krsusbauerl, Q. procampatus end ', candide

are given in Teble 6, This shows a significantly larger/
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population of T, krasusboueri in bracken thon grass

moorlend in May 1957 (4, 2,69; dsf,,22) and aolso a

significantly larger populstion of ¥, candida in bracken

than grass moorland in September 1956 (t, 2.09, d.f., 22).
There were no significent differences in any of the other
couwparisons, Some of thoe other species common Lo the
sempling sites wore not present in sufficient abundance
in all areas to merlt statlistical treatwent of the

comparisons, These specles include Isotome viridis

and Hypogastrure denticulato which were found sbundantly

only in the meadow site and Prachystomella parvula and

Tullberais quadrisping which wore present in appreciable

mwmbers only in the bracken and grass moorland sltes,

The number of total Collembola obtained in the
semplings (Table 7) was largest in the second sampling
in all three sites, The grass moorland samples vere
largest with a, population equivalent to 28,1 Collembola
per 10 square centimetres and the bracken site samples
gave 20ﬁ7“09113mbola parilD squaée centimetres, The
first‘sampling hed the lowest population with populations
ranging from 7.4 Collombole per 10 square cenbimetres
for the gross moorland site to 11.7 Collembola per 10

square centimetres from meadow, The population on /
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Torawns From (2 gameres (120 omd)
3

BNM BNM BNM
SepPT 1956 Jan 1957 May 1957

—_—

Pig. 2. Totzl populations of Collewbole from three
oy Apm,b%ma S'Mv/))% M&l(;.‘z"

sampling eites on three occmsions

B - brecken, N - grass woorlend, M - meadov,
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the third sowpling wes intermediste in size in ell
three sites, Malyses of the mesn differences botween
anch sité approached significance st the % per cent 1ev¢1
only on the firet sampling between the grass moorlend
population and the mesdow populetlion (t, 2,03, d.f., 22).
Vertical distribution

The distribution of the species between upper and
lower semples ia shown in Table 8, Statisticel
snelysis of the differences in various specleg on the
three sswmpling occesions is shown in Teble 9,

T, krougbsueri wes significently wore sbundent in the

lower than upper semples in ell the: sewplings,
QLWE¥?9?§§§§E$ was more abundent in the upper smmplés
from brackon and grass moorlsnd over the three samplings
but the difference was statistieelly significant only in
the first sompling of gress moorland snd the second

sempling of bracken, T, mirsbills wes not significently -

more ebundent =t either depth, Significantly gresater

numbers of Folsomla candlida werc found in the upper samplesn

from bracken in the first two ssmplings, in the lover
semples from bracken in the third sempling end in the

uppver semples from grass moorliand in the second sempling,

¥, fimetaris, which was found only in the meadow zite,
oceurred in significantly greater numbers in the ssmples

from the lower level._in the second sampling,
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" The enalysis of the veftieal distribution of
tctml.mollamholm shows that the populetion was ‘
slignificently grester in the upper layers in all three
sompling sites at the filrst sempling, In the second
“senpling the brocken end grass moorland sites sgein hod
significantly grester population in the upper semwples
but differences in the populetion of the upper snd lover
méadow samples vere not significant, No significent
difference in the wverticnl distribution of Collembole

from the three sites wee found on the third sempling,

Disoussion

Provious goll faunsl resesrch in Britein has been
eonfined mainly to gressland, The works with which
founel comparison can be made here sre those of (lasgov
(1939), salt ot &l (1948), MacFadyen (1953) and Shenls
(1957). Quolitatively the results of the present
investigeation are most closely compereble with Sheal's
study of 0ld grosslend ot Glesgow uesing o flotation
extrection method, Meny of the speeles are the some
a8 those found st Milngevie snd it is worth noting thot
the main representative of the Onychiuridee there, as

reported by Shesls (1957), was Q, uliginatus, found here

only in tho mesdov samples, The relative sbhundanco

of this species end T. kreusbouerl is in close sgreement /
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with the present findings, 0f the other two works
the investilgation of fenland by MacPadyen (1953) to
SOME @xteﬁ%}“agreeggﬁwith the specles encountered at

Milngavie,but the Collewbolan feuna in his work weas

dominated by F. guadrioculota, with ¥, mlrebilis

as the second most abundant componend, Thé
Onychiuridae and @ullbafgid&e vere found in relatively
mmch‘ﬁmaller numbers,  The invasti@aéion of pasture
near Cambridge by Salt et al (1948) shoved fewer
species in common with the preseﬁt study; though the

fauna was dominated by one of the Onychiurids,

Qe slborufegcens and T, krausbemeri, The species

found there also ineluded I, viridis, vhich was quite

abundsnt and ¥, fiwetarin, In this the faunlstic

composition at Gmﬁbridg& weg in ageord with the present
findings for {the meadow samples,

Frenzel's (1936) quantitative work is among the
wost comprehensive of the continentel studies on
grassland, His "leit«~forment for meadows inelude
seversld specles found in the present work, namely

Fe mirabllis, Q. arvmatus, T, krausbewerd,

P, guadrioculats, I, notebilisg, I, wviridisg and

L. lamginosus, P, fimeteris was found in his /
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dry Hundesfeld meadow which had received menarial
treatment, The specles composition of grass moorleond

at Milngavie is similer to the Brachysitomella parvula

taymusiat of olplne grassland deseribed by Glsin (1943).

The speclos assoeiated with B, parvule in this

tmesophil hemiedaphie' symusie are I, viridis, L. cyaneus,

8, schotti, I, notabilis, F. guedrioeulsia,

Sminthurinus sureus apd Sminthurides pumllils, With

the exception of L, cyaneus all these spoeles were found

at Milngavio in grasse moorland, Numerically B. parvula,

¥, quadrioceulava and 8, gschotti formed one third of the

total population of Collembola in this blotope, The
oceurrence of thoe two closely related species

F, guadrioceulatas and I, menolached is slso of perticulsr

interest, T, monolschel has been recorded only a fow

times previougly and never before in association with

P, quadriococuleta, Glsin (1.958) has found a successive

relation between the occurrvence of ¥, gquedrioculata

and another relabed species P, nane Gigin in terms of
: e 81

helght of alpine pastures, ¥, fimeterlia was also
found by Gisin (1947), in an extensive qualitative
investigation of Collewbols, to be characteristle of

dunged meadows and is included as one of a group of /
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t anthropogenous! types together with I, viridls end

B, parvule, The members of the Onychiuridae encountered
in Milngavie were until recently ineluded in the speciles

0, ermstus Tulld, The division of this species by

Gisin (1952) gave rise to & number of new speciles
of wheose distribution there are still few published

records, 0y procampotus, however, hes been recorded

from high alpine pestures and in rough grosslend in
England, and is vegarded by Gisin (1956) as a typleal

inhabitant of orimitive soils, 0. uliginatus has been

found din alvine pestures and in denp soile by Gisin (19%56)
Cas well as in grassland by Sheals (1957) mentioned ebove,
This specles has also been found by the author in freshly
gown grassland at Cleland, Lanarkshlre,

The work of Gisin (1949) and Gisin (19%1) has shown
that in the maturation of compozt a succession of
Collembola éan be followed, The resulis obtained in
these studies suggests thal differences in soil condition
are indicated by the speciss composition of the
popul&t}ons of dollembols pmgsenta This hog been
further-confirmed by Gisin (1956 n,b) Trom the results
of invéa%ig&tion of the effect of addiltion of Krilium
to the soll and In = comparison showing the effect of

weathering on the compost fauna, The populetion of /
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two types of celenTeous 501l hes been studied by
Schaller (1948), vho found theat, although most species.
were common to the two soll types studied, at 1o asth
three in eoch s0ll type wers not represented in the,
otvher, snd quantitative differences were evident in
some of the other species, Murphy (195%) has
related qualitative differences in Collembola to a
succegsion of mosses in bog,
The gquantitative resulis obieined in the present
£loie Ain
work are somewhalt smaller ﬁhanxaamer}ecenﬁ studies on
dollembola, The samples hovevey were nol necessrrily
teken when maximum populations were expected, The
density rmmg@@_ﬁrom a mean of T.4 individuaels per
10 cmghin the Seplember ssmpling of gress moorlsnd to e
mean of 28,1 individuals ﬁér 10 em2437 $ﬁ%yh?
Jenmuery semnling. From the’totals;'ﬁhé”%ﬂrae sampling
ﬂccaﬁign means were obbtained of 15,8 individual& per L0
cm2 in bracken, 18,7 individqals par 10 cmg in grass
moorlend sné 16.4 per 10 amg in Mesdow, Compsrison
with the results of other soll frunel resesrches is,
of ecoursa, complicated by the effect of different
extraetion technigques, effect of seasonal snd snnuel
fluctunation and so0 on, The figures obisl ned hy
Mocfadyen (1952), for example,using funnel technique

Lo exewine the populations under three types of grae




cavér,in f@ﬁl&nd, vera 2B individualsg per 10 amg,A

24 individusls per 10 emg and 7,2 individuals per

10 emg-%a a depth of 5 onm, Thasa fTigures are means
of 173 monthly seamplings and are enhanced by very large

numbers of a single specles F, quadriocculata which was

found as o minor consbitvent of the Milagavie populetionsg, .
Salt et al (1948) used a flotation spvaratis ond in a
's&mplimg in November obtained numbers representing 43.1

Collembola per 10 cm2

in their 6 inch deep samples;

they eonsidered that this was representative of the
order of magnitude of povulabtions in English meadovs,.
Little evidence is avaeileble of the Collembolan
vopulation of other soil types in Britain, but
Continental studiesg are svailable on the (ollembols of
woodland, Van der Drifdte (1.951) study of a beech
forast floor is particularly interesting because it
gives detalls of individual volume of speclesg and thus
allowed him to make biomess estimations, Detalls of the
nunericsel results obtained and biompss estinmeotes where
avallable, in recent studies of wvarious Biotopes are
shown in Table 10, The results of many of the other
\aontin@ﬂtal studies, including those of Sehalleé (1949},
are based on voluwne of sample without detalls of depth

and sannot readily be transformed to comocare with other /
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results; but estimates coleulsted by Mac¥adyen give
15.9 and 25%.0 Collsmbola per 10 sq. c¢n, for Schallerts
(1949) investigations of caleasrcous soll types and 8.5
Collembols per 10 sq, em, for Wels-Togh's (1947) gress
plain study, Howewesr, thers would seem £0 be no
conclusive evidence avellable at uvresent to justify
the conclusion thet any particular biotope supporfs a
much greaver number of Jollembole than others, in

terms of blomzse or volume of individuale, it is possible

o

hat differences may more ea&iiy be shown, The
investigation by Weils-Fogh (1947) of the micro-arthropod
fauna of seven vegetatlion types on permanent pasture
showed o correlation between pore space and the gize of
‘micro-arthrepeds; this correlstion he considored was
dependent mainly on two féetorse Smoller forms wvere
found in soil with smaller pores in which they find
—protection from predators, Larger forms are unable to
makse use of small goil pbres and are thus susceptible
to deslecation in candit£0m5 of low humidity, . These
Clarger forms were found by Woils-Fogh (1947) to be
largely confined to places with dense wvegetation which

afforded some protection from /
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low hunidity in dry weabher, At Milungovie, the meadow
appears to offer more suitable micrﬂwanvironmanﬁéléﬁ
conditions for largor forms than the other two bioté@es,
which support a much smeller volume of Collembola,

The vertical distribution on Collembols in relation to
morpho-scologicnl characters hag been gtudied by Glsin
(L943) who found thet these insects could be separated
into three groups on the basis mainly of morphologicel
charaecters, such as development of the oyss and pigmentation,
The Buedaphic or true soil dwelling types in this
elassification include most of the Cnychiuwridee and
Tullbergidae, Inhabitants of the surface and unper soll
layers or Hemledaphon include wost of {the pilgmented
Arthxoplaon& types and the third or Atmoblos group is
vepresented by Collembolsa 1&?@@1# independent of the soil
and living mainly on mecrozcople plant meterial, The
vertical distribution of the specles found at Milngevie
ere largely in agreewsnt with this classification,

T, krausbeuveri, a tyrlcal cuedaphic species, was found

concentrated in the lower 5-~10 em, samples,  The
Onyehiurids present were found either in the upper 0-5 en,

gamples as in Q. uliginatus or distyvibuted betwsen the two

sampling levels as in Q, procampabus, . fimetaria was /
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disﬁribated;evénly between the two 1ayers‘bﬁt F.'aanqi&é

vag more abundent in the upper loyers, OFf the supposed

hemiedaphic types only F, mirabilis was not concentrated

in the upper layers and showed an even vertical |
digtribution, Investigations of the varﬁieﬁl diﬁtrfbution
in thz various humua and soil.layers have beeh conducﬁed

by Schaller (1949), In his Rendzine sawples Quyehiurus

‘armatus and T, krousbaueri wers councgntrated in the T or
raw humus layer, but the brown earith soil fauna had a

concentration of @, armatus and T, krousboueri in the B

or true so0il horizon, Strenzke (1949) in his study of

demwy meadow solls found Q, armabtus and T, krausbeueri

in the deeper layer, ¥, mirabilis was found ot both levels

studied, but upper dwelling individusls had darker

pigmentation, ¥e fimotaric is considered s deep soil

dweller by Strenzke but he foun@ that other gg&gggég SDPs
wérg‘moyaf@vemly Sistributed, Van der Drift (19951) foﬁnd
in,thélbéach forest Tleor thet Q, sxmatus had greatest
density in the Fx, humus lsyer, Volz (1934) in his ﬂtudy

of fTorest goll found ¢, armabus and ¥, krausbouweri in

deeper layers,

Glecgow's (1939) study of grassland at Slough shows

o higher concentration of Q, armetus and T, krausbsueri in /
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the top 4% inches of soil. Q. asbulans and

T, gquadrispina were more abundant in deeper soil,

MacFadyen (1L952) reported a greater concentrebion of

T, krousbasueri and Q. armetus in 5 - 10 cm, layer in

fenland, whilst Sheals® (1957) grassland figures
indicate a greater sbundance of Onychilurus Spp.(im a
%5 w 9 in, strotum than in 0 - 3 in. {0 - 7.6 em, approx,)

stratum but also shov greater density of 7, krausbaueri

in the upper layer, Weis~Fogh (1947) found & relationship
between depth iistribution and goil grain size, Species,
co@monly regarded as suriace living, were found at lower
levels in larger grain soils, thus minimising the
distinction between euwedaphic and hemiedaphic groups.

There eppears also Lo be some seasonal effect on verticzl
distribution, This forms a reasonsble explanution for
apparent inconsistency in reports of depth distribution
without invelidating the fundamental morpho-gcological

- glassification in terms of vertieal distribution.
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Summary

Lo

42.

3

44

De

The Collembolan populations of three @dj&ﬂ@nt‘afeas
showing suceessive change in vegetstion and soil
type have been eostlmated and compared from a series
of three semplings of each srea,

Quallitatlive differences in the species composition
wvere marked; seversl specles in meadéw appeared

to replsce species found only in bracken snd

@rses moorland, Previous records of specles

AZY .
distribution are discussed anﬁ&%h@ possible

indication of goil condition by (Collembole,
The species composltion of the hemi-sdaphlc
Collembolen fauns of grass moorland. wes found to

egree with B, pervula synusis of Gisin,

Bumericsl differences in the comparison of totsl
gollembola from the threo sempling sites were in

all cames not stabtistlieelly significant,

Biomess @siim&tiou wos sttempted by direct
measurement and caleulation of volume., The

volume of Collembola from the mesdow wag considerably
grester thaen from the other two biotopes,

The depth distribution of the vaerious speclies vas

exemined and agrees gonerslly with previous findings.
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Ce A_Phenologyyof'a population of soil Collembola underl
brocken Pteridium gquilinum (L.) Kuhn, |

'Daécfiptinn cf saﬁpling afea'and matheaa.
"The:raaﬁlta cn‘whieh this investigstion i&
based wefe obﬁ&in@d By sanpling eight rectengular
ploﬁs measuring 6 feaﬁ by 3 feet i&id out sz shown

"in Flg., 3. The plote are situoted on en ares of moor

with & cover of bracken Pteridium aquilinum (L.) Kuhn
near Milngavie previously deseribed in the comparative
study. Paired sémples were taken ét random from
each pléﬁ.at two-monthly intervals'frcm Docember 1955
until detcber 1957 with ﬁh@ exception of the @eriod
‘“April to June 1957 when observalions were made each
month, fh@ samples of 10 cm.2 suffug@‘area and 5 om,
in depth'waﬁa ték@n in &lumin;um cylindaré and placed
-"in péiyethylane bags for transport to the leboratory.
An ubper litter and raw humus semple and a lover

true s0il ssmple was obtained from each ef’tha paired
‘ﬁampling sites in each plot. Bxtraction of Collembole
from the upper semples was cerried out bj the funnel
method and from the lower ammpi&a by flotation,
Subsequent treatment for identification and counting
‘of individuals has already been described, The silze

of individusls of various specles wes obtained by

direct measurement, /
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Records of - air tcmpérature and rainfall during
the poried of the :nvuatigatian were obtained from
the M@teorologﬂ&ul Offioa mt Renfrcu and are shown
' grnmhieally iﬁ figr &“ 5. Renfr@w is situsted at
goa~level mbout four miles gouth Qf the sampling
gita whigh is 350 ft, sbove sgea-level aﬁprcximﬁfaly{
The fiéufés are not intended as an accurate guide to
conditions prevailing st the sampling slte at a
particular ﬁime bu£ as an indication of the
fiﬁéiﬁation in waather conditions during the period
gf invastigqtion¢ The watér content of the upper
,semploa takan from amch plot during the period
AApril ~ August 1957 was found by air-drying the
semples ot 100°C, The mean water content expressed
as p@reént&ge cf'initial mampie weight is shown in
Table 13, |

Statisticol treatment of the resulis was cerried
out by the snalysis of variance technique with
initial sqguare root transfofmation of the raw dota,
This procedure was necessary beceuse of the non-random
distribution of the populstion, The degroes of
freedom in relation to variation in time ,plots and

depth were allocated as shown below,
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ar,
Times 12
Plots T
. Depth 1
lst order . (Times/Plots 84
interaction (times/Depth 12 -
. (Plots/Depth 7
e2nd order
interaction
(error) . : 84
Total 207
Results

The specles composition of the faune and the
fluctuations in proportions of wverious specles are
shown in Tables 3 and 11, The Collembola in
individuel semples is shown in Appendix 2, On
most occasions tho faune is dominaﬁed‘by the speecies

Onyehiurué procampatus Gisin end Tullbergic

krausbaueri (Boern,), the combinéa population of
which formed more than 50 per cent ¢of the total on

all but three oceasions, The proportions of the

minor members of the founa varied from time to time.

The fluctuations in the totel population snd in
various species is shown in Flg., 6~15, which are
based on the nambers obtained from all 16 samples
covering o totel area of 160 cm.2 on each sempling

occasion,
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The results of statlstical analyses are‘éhbwn in

Tables 12, 13 end 12; ‘-Indiﬁi@ual memsuremanté‘of lengtﬁ“of.
thelkémbérs of certain species were also-obtained and
' the meen length and distribution of size gfénpé.is-ahown
in Fig. 16 -~ 19¢ 0Of total Qollembols Obtﬁinad'in”the
samples (Fig., 6) the maximum pOpuiationa'ocpurped |
in June and December 1956 and Moy 19571 The 10west.
populationg wers found in April and October of both
1956 and 1957, The numbers obtaimed in the
sampling fanged from a.minimum of 84 per 16 semples,
equivalent ﬁo a population of 5,3 Collembola per 10 emg;

in Aprii“l@ﬁﬁ, to éQBzgnﬁividmals per 16 samploes or 26,4
'V1ﬁaividﬁa15?@ervlo ou” in Docember 1956, Tho very
1ow populat¢cn at th@ beginning of the sampling paried
" wes dssociated with abnormal drought conditions for some
months previous ¢o the sampling periad. The variation
in totel Collembola wes stmtiétiéally gsignificant at
the 0,001 level of probebility, (F~value 8,43 a,f.;
nl-12,n2-84),

The populuations of Q, preoamgatus and T, krousbeueri

Fig, 7 and 8 show fluctuations similer to that shown /
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by the tqtal population and are larpgely r@spoﬁsible
for the p&ttérn showﬂ‘by th@ total, Examination

of size distribution(Fig.16, 17) confirms that the
maxima coineide with abundence of young individuals;

The anelysis of varlience of Q, procampatus shows

significance in time at the ,001 probability level
(F-value 6,24, af,; nl -~ 12, n2 ~ 84) that of

T, krausbauverl shows significence at the ,0L

probability level, (P-value 2,96, df,; nl - lé,
ne = 84).

" The fluctuation of Isotome viridis shown in TFig.

9 is of a different pattern, In 1956 maximal
population occurred in June and August. After August
the pOpulatién rapidly declined until subseqﬁenﬁ
incresse in May 1957, The age distribution of this
species (Fig.18) shows that over-wintering individuasle
are fully grown; inerease in numbers in early summer
is shown tyéiaally by & large number of small

individusls, The population of Tolsomia quadrioculatsa

(Fig.10) had well defined maxime in June and December in

1956 end also in June 1957 but in ¥, candide (Fig.ll)

snd ¥, manolachei (Fig.l2) the trends were not as consistent,

Friesia mirabilis (¥ig.13) showed maxima in December 1955,

June 1956 and April and October 1957, /
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The veriaticn in Brachystomelle parvuls (Fig,14) was -

- exXceptional in that very low populotions were observed
in the earlier samples with subsequent mexima in June
1956, Decomber 1956 - February 1957 and Moy 1957 but

réﬁhibiting a marked increase in the last two samplingg“
in mugust and Qetober 1957, |
Depth distribution and vertiesl migration

The total population of Collembola in the upper
somples was significently larger than in the lower(Table
14  The mnalysis of the results for four species

T. krausbouerli, 0, procampatus, ¥, candida and

F, quadrioculete gave statistical significance for depth

distribution in all except ¥, candidsa which vas evenly

distributed between the two sampling levels, of the

other species only T. krausboueri was more abundant in

the lower then in the upper samples.,

The interaction term Times/Depth in the analysis
(Teble 12) gives a measure of the change in vertical
distribution during the sampling period, For the
total population this term was significant at the 0,01

probability level, and considering individual species

0., procampsbus was highly significent st the ,001

. probability level, T. kraugbeuerl and P, candida et the

0.0l level, The population of I, quadrioculata did

not show any significant change in depth distribution,/
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Relative denpity
- dn upper sonplos
(density in lower = 100) I

Total CGollembols 1098 62T »
Tullbergia kraushouerd 5943 8220 = = »
Onyebiurug procampabus 11045 Le&T = .
Folaomia candida | 105 4 1492
Foleomia quadricoulata Th2eb 53495 3 2 2

Pable ths Vertiosl distribution over 13 sompling oceasiong « pouare
oot transformed dotae

Degrees of freedom n, = 1 ny = 84

Lovels of significance % PO05 = s = POOOT,
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The main change in vertienl distribution is shbwn

as increase in tho population occcurring in the lower
loyers coineiding with increasing population, Therg
is o tendency for concentration of smeller individgﬁls

in the lower layers, - The mean lengths of individuals

of Q, procempstus and T, kreusbeueri from upper and lower

gsampling leyers are shown in Fig,20.
Plot Differences,

In the snalysis of total numbers of Collembola
obtained from each plot (Table 13) three significant
differences were observed, In the analysis of
individual speeles, however, only in the case of

0. procampatus were significant differences found

between plots, In plots IV, V and VII the number

of individuals of Q, procampabtus wes significently

higher than the yield from the other five plots,

In the interaction term times/plots, significance
at the 5% probability level was found only in the
analysis of total Collembola, No significonce was
found in the enalysis of individual species showing
that seagénal tronds were consistent throughout all
plots,

Tho results obtalned from the interaction term

plots/depth is interesting, This measures tho extent /



to which the veriical distributions of the animals
are consistent in all eight plots, Differences in

both Q. procempatus snd F, candida were found to be

éignifieant‘at the .05 probability level,

The distribution of sge groups showe a typical
éoneénﬁ?aﬁion of young forms coinelding with population
maxiine, Dacrease of the bese of the age-group pyramid
with deceroasing population can be seen, High
morteolity of younger forms occurs, This results

in very small winter populations of I, wviridig

consisting of large individusls, In the species

7, krausbauerl the occurrence of young forms in Moy

1957 is not coincident with a marked pesk in
population size bult, nevertheless, indicates a new
generation,

Other Apterygota,

Specimens ildentified as Qompodea staphylinus

(vestw, ) (Diplura) and Fosentomon armatum Stach (Proturs)

were obtaineﬁ'iﬁ’the samples; The populsations
represented were too smell, however, to justify an

account of thair ﬁhanology.




&2
Discussion -

Seméon&i fiueﬁuaﬁimn

Théiﬁériation in seasonal abﬁnﬁanée of the'scil
fagna, iﬂai@ding cnllambala,’haé been the subject of
savérél investigations in Britain, In o series of gtudies,
Ford (1935, 37, 38) éhewed that in grass-land and,
particuiarly, in tussocks of Bromus, populatlion maxima of
collémbbl& tended to ocour in winter, In one of those
investigations (Ford 1938) is one of the few records of sge -
or sizo dimtributionrof e natural ﬁopulation of a

collambolén speeies, Ford (1938) found that the age

variation of individusls of Pseudachorutes subersesus Tullb.
decreased with increasing numbers,  The investigation of

Glaﬁgow (1939) was concentrated on four species Onychiurus

armatus Tullb., 0, embulens (L.), Tullbergla quedrispina

Boern, and T, krousbouveri (Boern), Glesgow'sz (1939) results

showed that the pépulati@ns of O, armatus and ¢, ambulans

had distinet mexime in winter and all specles were at o
minimum in April of one year, This mininum wes related
by CGlosgow to exceptionally cold climastic ceonditions, At

Siough T, gquadrispine hed a meximm in Moy vheroas

T. kreuwsbousri hed o more uneven fluctustion with peak

populations every Tour wmonths, Glasgow olso reported a

positive correlation with moisture for the population of

0. armaotus in the wet season and for O, anmbulang in the

dry ceason, /
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Baweja's (;939) study of the effect of stérilisation
of the soll on the fauna included details on seasonasl
fluetuation, with a toendency t0 maxima in late autwm
and early winter, In the more recent ond detailed
study by Macfadyan (1952) it was found that in fen-land
a maximam occurred in winter and minimum in August, A
smaller increase in May was suggested as being related
to relmtively’largar numbers of young individuels,
The fluctuation in numbers of all species of Collembola
coincided in Macfadyen's (1952) atudy, Continental
studies of ssasonal abundance of Gollgmbelm do not usually
show the same type of fluctuation apparvently common in this
aountry and such differences are perhaps to be cxpected
where more extreme climetic conditions sre encountered,
For example in Gréenland as reported by Hommer (1944),
the axtrame'low tomperature for a large part of the
year results in a short asctive breeding season in
SRIKe T, Agrell (1941), in his study of Collembola of
Swedish Lappland, sgiees that under these conditions
only one or,at most, two generations cccur in one

year., Both Agrell (1941) /
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and Hammey (1944) found & periodicity in the

£

occenrrence of different species after winter, in

o study of wet habitats in Germany, Strenzke (1.949)
found sessonal maxima in sutuwn which he considered
are related to moisture conditions and abundence of
orgaenic food mebterisl in the form of plant litter;
low populations in July and August he relates to dry
conditions, Differences in the occurrence of
increases of the populstions of different spscies

wes found, Tokrausgbsuerl hed a peak porulasition in

October, Foouedrioculata in November end F.mirohilis

in February, Schaller (1949) found little evidence
of sessonal fluetuation in Collembolan populations but
there is evidence of maximwumnm population ln late sutumn
and early winter, In & study of a beech forest floow
Yan der Drift (19%1) found maximum populstion in
sunmer sand miniyum in wianterx,

The results of the present study asgree with the
well substantisted evidence of winter maxima of
porulation of Collembola in this country, The
p@ficdicity of populetion maxima shown by Glasgow
(L939) egrees closely with the resulis from Milngavie,

particulszly in the case of T.krausbaveri, The study
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of age distribution, es suggested by Agrell (1941),

“1s important in showing the oceurrence of new

§§§§§

indicate this, This i1s shown by the age distribution

- of T, krausbemerl in the present study. The
interaction of various elimatie factors appears to
resgl§ ih prcﬁﬁcing sultable micro-climatic conditions
for reproduction. The difference in optimsl
conditions required for wvarious species of Collembole
and the length of past»embrybnic development before
maturation are, together, responsible for differences
in phenology. The resulis obtained in the investigetion
of seasonal werlatlon in pleces with wldely diff@ring
olimatic condltlons and from various bilotopes in which
different micro~climatic effocts are experienced show
not unexpected discrepancies, The evidence suggests
that although many specles in this country have
regular half yerrly maxine occurring in summer and
winter this is not universal for all spocies or
habltatsg,
Vertical distribution,

A vortiecal migration of (Colleumbolae has been
recorded by seversl workers, Volz (1934), in =

study of woodland soil, veported a downword migration in /




response to lov alr teupsratures, This was alsgo
shown by Strenzke (1949) in his study of somp soil
types and slso by Scheller (1949), In the work in

Britain, Glasgow (1949) found 0. smwbulons nesrer the

surface in Spring and Macfedyen (1952) found maximum
concentration of Collenbola in lower layers in February,
The results from Milngavie are in genersl sgreement with
those of other workers, ',The verticel migretion of
ipndividuals, however, is nol necessarily a coumplote

"‘axplamation of change of population density from

- layer to layer. It cen be seen from the Milngavie
results that smaller individuals tend to be concentreted
in the lover ssmples and maximum density in the lower
layers is generslly coincident with ineressing totol

population, This is shown particulariy well in

Q. procempatus, T. krausbeuerl end I, virildis, Othoer
studies (Glasgow 1939, Mac?adyen 1952), in which such
vertical changes in density have been reported olso show
o similar coineclidence of grester density in the lover
layer with maximal populations, Weis«Fogh (1947)

reported the occurrence of numerous young individusals of

I. viridie in the lower goll layer in June, It sppeers et

} lesst poesible, from this evidence thet the downvard

vertical migration is due to the incresse of younger forms

which tend to be found st lower deptha, /
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The depth distribution of the speecies sgrees with thaet
found in the comparative study of bracken, grass
moorland snd meadow,
Horizontal Distribution,

Glasgow (1.939) found thet 0, armatus tended to be

agpregated inteo colonles less than 12 inches in
diometer, The. other speeies in Glasgow's (1939)
study also showed aggregelion but in larger patches,
Other members of the soil fauna are known to be
diétributed,iﬁ aggregabions, this has been shown for
axam@ié by Salt & Holliek.(1946) for elaterid larvae,
Sali'et‘arﬁ(iﬁgg) also found that (Collembols ond other
s0il crgenisms hﬁve a nonw-randon aggregated distribution,
Macfedyen (1952) end Sheels (19%7) eonfirm that
Collembola tend %o be aggregated in distribution, The
faotors influencing ﬁhiﬁ:hype of distribution are |
not known, although Glaesgow (1939) suggests that the
factor measured by ignition loss in soil may have
some effect, Murphy (1953) suggests that the clumping
of newly lesid eggs by ceritaln species may be responsible,
In the results from Milngevie the populatlon of

Q. procampatus wes found to be concentrated in

significantly greater density in three of the plots

than in the others., Soil moisture measurements do not /
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appear 40 be related to this distribution and no

apparent difference in physicesl feetors was found,

Sumnery,
le A series of samples was tsken from the humus
layers and true soil under cover of bracken

(Pteridium aguilinum (L.) Kuhn) over a period of two

years,

e Moximam total Collembolan populations occurred
in winter and early summay, though the growth
of porulations of different speecies varied from
specles to speeies;

e Meesurement of individuél Collembola extracted
from samples showed that the age distribution
in each spéeies varied with population growth,

4. Ycunéer individuals of sach species were found to
have greater denslity in the lower sampling lsyer
especially at population maxime,

Se Evidence of chenge of population density from upper
to lower iﬂyer is shown and thisg is discussed in
relation to the 'vertiealnmigrmiian' reported
in other investigsations,

O 4 non-rendom distribution is noted for

Qs. procampatus,
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D¢ The effect of chemical fertiliser spplications
- to the soil on the population of Collembola,

Deseription of the sampling ares and methods,

The sampling plbts were lald out on arable
field st Qleland, Lanarkshire, subjecet to a normal
crop rotation, The lay-out was in the form of a
5 x 5 gragco=-latin square with @1ots measuring ¢ x 11
yards, Lime end phosphate materisls had been sadded
in the previous five years to bring the salt content
of the plots up Lo five levels of lime and phosphate,
The &etails of the plots and treatments is shown in
Fig. 21 and Table 16, The soil is typically podzolic
and the original soll reaction ig aeidic in the region
of pH 5., The crop immedietely preceding the first
gempling on Juno, 1956 was hay, the field was in ley
untll o second ssupling in July, 1957,

raired samples were taken at rahdom from each plot
on each sampling occasion, Hoch gample was teken to s
depth of 5 em, in sampling tubes of 10 cm, cross sectional
area‘giving gamples volurme of approximately 50 cm.3
Vegetation was out close to the soil surface, The
extroction was by the flotation method deseribed by
Raw (1955) and other detalls of technique are as

previously described in the previous two investigations, /
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Thefevwa& no éﬁvious difference im.ﬁh@ vegetstion
in relation to the trostments but the micro-flors wes
probably affectéed slthough no estimation of such changes
wag made,
. Results

The qualitative composition of the fsuna is shown in
Ta@l@ 15, | One species has not previoualy been recorded
for pPritoin, Seversl of the species eppear 4o be typiecel
of grossland @onditionﬁ, but low populations, possglibly
due to cultivated conﬁitions; are recorded, The mesns
of tdtal(omllembolm ﬁn&#of the most sbundant speecles

Onychiurus uliginetus, ¢, krousboueri snd I, viridis are

shown in Table 16, No significant relation to treantments

was found in the anslysis of the detm, The mean populetion

2

in the first sempling was 9,7 individuels per 10 e¢m™ and in

the second 11,2 individusls per 10 cm?, The relative
composition of the feunas Aiffered on the twe ssmpling |
occasions, this is sﬂewm parﬁiaularly in the sbundance of

Isotoma viridis in the second sampling.

Discusaion
The composition of the foune is similar to thet found
in the meadow founsl survey already deacribed, This is

particularly avident in the second /



Pulboreia kreuchonerd (Booina)

Onyehiwrue uliginatus Glein

Qs sublotus Gieln

Anurida gomellinii Gisin

Fricpen mivabilis (Pullbe) £i reducta Stache

Esotoma notabilis
Ls viridis Bourl.

Smdnthurides punilis (Krawebe)
Suinthurbaus aureus (Lubbs)
Sminthurus viridis (he)

Hohaeff,

Table 15 2 List of speoles found in ezporimental plots ot
Glolande

# gpocies now to DBritains
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second srupling ia which the effsct of cultivetion is

minimised, The occurrence of the species (Q.,uliginatus,

Ieotome virvidis, Polsomls fimetsris, Sminthurus viridis

end Sminthurides pumilis appears to be typleal of this

type of grs

1]

slend, Particularly striking is the

incresse in the hemiedephic speciles J[.viridis shown in

the second sszmpling. fKeduction ¢f the so0il arthropod
founs ono especisally hemiedaphic forwms under areble
conditions is well-kncwn (Frenzel 1936, Sheesls 1956)
and between gsaplings the population apnesrs to be
recovering from this affect,

The effect of menurisl spolicstion on the soll
founs was investigeted by Morris (1927), who found that
grilication of foermyord menure incresssd both the size of
the populaticn and the number of species present, but that
the spplicstion of phosphatic fertiliser snd smumonium
selts hed little e¢ffect on the soil feunel population,
Little Turther published evidence is available 6n the
divect effect cf chemical fertilissr trestuwent of the soil
on the wicro-arthropod faune, but it hes been shown thet
chenges in conditions during the maturstion of compost
(Gisin 19%2) result in 2 quelitative sveoession of Collenmbole,
The addition of srtifieciel conditioning agents to the soil
(Gisin 1956) result in similar ghanges in the populetion,
The loag terw effect of Llime and phosvhate spplicsiion to

the soil will undoubtedly be a chanage/




55

chenge in the condition but ne evidence wos Found

thet such chonges cre reflected by the ropulstion

of Collembolea,

Suunmery
1, The effect of varicus levels of lime snd phosvhate

gpvlicstions to the soll we

2
i

investigated by

{55 M

srupling the plots on two occeesions,

Ce Mo consistent relabion was found between trectmsnts
and the cualitetive or cusntitstive distribution
of the population of ﬁollembola.‘

Qualitztively the populstion is similer to that

Wt
S

elready found in meadow-Tand ot Milngavie,

-

particularly when cultivetion effects tend to be

overcOie,
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- I11. Laboraiery studios
A Studies on the life-histories of various specles
of Collembole.
The 1ife cyele of only a fev species of Collembola
have been previously investigoted and no informetion
has been hltherto available on the 1life of the species
sncountercd in the field studies reported by the author,
Thé'speeies»on whiech mbaarVaticns war@_ma@@ and reported

here ‘are Tullbergia krausbauweri (Beern,), Onychiurus

furcifer Boern,, Q. latus Gisin, Q. procampatus Gisin,

¥Folgomin gandida Will., Neanurs muscorum Temp., and

Isotoma viriﬁig Bourl,

Methods

The primary requirement in the rearing of most soil

arthropods under laboratory conditions is the malntenance
of o high relative humidiﬁj in the eulture vessel, Thig
has been achlieved by previous vorkers on (ollembola by
various methods, Ripper (1930) and Strebel (1932) used
g substrate of seoil, which, vhile giving & c¢loser mppégach
to netural conditions, renders continuous observetion

diffieculd, Maistene& filter peper has been widely wused,

in smell containers and tubes, to ensure high'humidiﬁy level

in studies on arthropods snd was used by Britt (19%1) in

his study of Hypogsstrure srmeta. The introduection /




by Searls (1928) of s technique for rearing Symphylids
using plaster asg a moisture source helped also to solve

the  problem of.providing a &uit&ﬁle‘atable(sué;étréte for
the anlmels. . In a recent study of arthrapleané Collembole,
Schaller (1953) used a plaster block with glass-covered
observation cells, Addition of powdered charcosl before
mixing the plaster assists in observation of unpigmented
animels (Wharton 1946, mdwards, 195%), Petrl dighes 7
centimetres in diameter with a layer of plaster 2 -~ 3 mm,

in depth were used as breeding dishes in the present study.

Cultures of the speeies T, candide for observatlon of

development, were made in small petri dishes 4 cenbtimetres
in diameter, simllarly treated with plaster, Plaster
blocks, with cells for individual insects, as desecribed
by E@w@rdm~(19§5), wvere nsed for obﬂ@erxﬁam of other
gspecles, Woter wes aﬂde& to those dishes every week, a
few drops only being required, Cultures were sttempted
in tempersiure controlled conditions at
5%, & 2°, 12%; % 1°, ena 24%. % 1°, |

Food wes provided in the form of bracken spores, whisﬁ
were found to be sultoble for most specles, This material
hes adventages over yeast, storch and other mestier which

have been used previously as food for Collembols in culture.




The spores arexeaéily applied and evenly spresd over
the culture medium; there is little deterioration of the
food and fungel conteminents are not encoursged, These
proporties make frequent changes of the food materisl
UNNeCessalry.

pifficulty was eneountered due to contomination of

eges, in eerly stages of development, by fungl, meinly -

Penicillium sp.’ The growth of mycelia on the egg surface
eaused mhriﬁalliﬂg and death of most of the effected eggs.
This diffleulty wes overcome, to some extent, by sterilising
the eulture dishes befors use ond by brushing the epgs
periodically with distilled water, Pungil pathogenic to
eges of (ollembole have been previously reported by
Goto (1956). |

Measurements vere made using reflected light by means
of o micrometer eyoe-~plece which vhen used in o wonocular
microscope with 1 inch objective gave readings in divisions
of 30ume This mognificotion was usged fTor measurement

of length and head width in &11 species except P, cendide

in which measurements wers made with 2/3 ineh objective
glving eye~-piece diviesions of 10.4u which was also used

for measurement of egge of all species, Owing %o the /
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difficuley of direct observetion of individuels the

measuremsnt of growih in I, condids was wade by removing

ten individuals st intervals from & mass culiure, in the
sma.l petri dishes previcusly mentioned, frowm eggs lesid
within 24 hours, Qbservation of development of the other
gpecies was mede from specimeng in individual pluster

block cells 8 - L0 mm, in diameter end 5 mm, in depth,

A considersble number of individuals was resred without
accurste measureument for ocbessrvetion of maturation, number
of eggs ond other aspects of their biology, One outstanding
difficuliy in making a precilse study of hheaenﬁpecies is the
lzek of conspicuous sexusl dlwmorphisim so thaet the sexes
could not be determined with any sccuracy in life,

Assumption of & l:l sex ratio has been made but this must
be vegarded with csution as there have baen reports of a

predominance of females in populationg of certain specles
(Ripper 1930).

Specimens wvere obtalned from soll snd humus under ”
bracken by extraction on Berlese funnels, The insects

wvere collegted in & vessel contolning water from the surfoce

of vwhich they were removed to breeding dishes,/
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Results,

Tullberglie krousbaueri (Boorn,)
| Thig is.a snall unpigmenté& speeies with e moxlimm
1aﬂébh of less than 1 mm, It has been found meinly in

the deeper layers of the soil end 1s widely distributed.
Byes and f&raa are absent and movement is rather sluggish,
The eggs (Plate B) are swmooth, unpigmented and globular,
measuring 0,09 - 0,10 mm, before development, They were
laid either singly or in pairs on thé surface of the

eulture medium, Developing eges become flattened ond
disc~-like in shape, messuring 0,13 mm, in greatest
- dismeter, inmediately before hatching. Hotehing tokes
ploce by splitting of the ehorion across the width of the
dise, Newly hotched individusls are similer to the adulta
in app&arén@e except in lack of Qpagiﬁy and moasure Q.24 wu,
in length, Development of the eggs took from 15 %o 20 days
at 12°¢. No daval&pm@nt oceurred at 5°C. or 24%, Sexusl
maturity was sttoained from 30 to 40 days after hatehing, in
the third instar, ot 12°C, The growth of fifteen
individaals at this temperature is shown in Table 17,
Eédysas occurred ot intervols of © to 15 days, and contimied
throughout life at lrreguler intervals, without eppreciablé
change in length after atteining o 1angth of Q.63 mm,

Bggs were lald atb 990, 12°¢ ana 2490; a mean of 10 oggs/




Plate 2,

Plate 3.

T.

0.

krausbauerl

procampatus

- adult and eggs.

- adult end eggs,

X

X

25.

26,
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i o . s o
vas luid by each female at 127°(¢. ossuning o sex ratio of

e,
G " . .
A% 12 Q. in the laboratory adults survived for more
than 6 months,

Onyehivrus furcifer Glisin,

O, furcifor is an unpigmented spacles with no eyes,

and. a distinet but swall furea, vhich distinguishes it
from éther gpecles of the Tamily Onychiuvidoe, The eggs
are smooth, globular and unpigmented and measuvre Q,17 -
0.19 wm, befors developuent, Development of the egg

appeers to be simlils r to that of T, kraugbaveri, the

diameter of the egg ineressing 4o 0,21 wm, before hatching,
Groups of up o0 6 eggs were lald on the surfree of the
culturs medium or In covities with a swall opening o the
surface, 'Developm@nﬁ of the egg lasted 26 - 30 days at
12060 and 11 - 1% deys at Zﬁaca Newly hatched specimens
messured 0,42 mia, in length and Q.12 mm, in hesd widih.
The subsequent growth of 1% specimens in plaster block
cells was folloved-snd measurements mede at intervels
(Table 18), Four ecdyses at intervols of 2 = 4 wosks
were observed and §exua1‘matmrity wes atteined in the
fourth instar, 9 - 12 weeks from hatehing st 12°%,

Mortality was very high at 249C./
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and only two individaols, the mensurements of which ore
shown in'Table-19, were suéceésfully resred under these
@on&iﬁiéna, Hges were not Jviﬁ at 24°¢, at 1.2%., o

meon of 9 egge was laid by each fenale pssuming the sex

ratio L1 in o eultur@ of twenty specimens,

Onychinrug lutus Gisin
This\spaéies is distinguished by the presence of
yellow pigmentation, It is comsiderably lorger than

0, furgifer, mature ﬁpacinehs messuring mere than 1,5 mm,

Lnnd 18 found 1n the humue and upper soil 1 ayars. It is
Qimilar to th@ remainder of the Qnyehiuridae in the lack

of eyes ond furca. The eggs were loid singly or in smoll
groups on £h@ surface of the culture medium; thoy are smooth
surfacad,‘gloﬁular and unpigmoented, meamsuring 0,22 mm, in
dismeter before development and increasing to o.zﬁ'mm. in
greater diaméter before hatehing, Development time from
laying to hatehing ves 19 ~‘22 days aﬁ 1208. ond 8 « 10 déys‘
at 24°0, The size of newly hatched specimens was 0,60 -
0,72 wm, in BQngth nnd 0.1% wm, in head width, Individual
n@asurements of 10 individuals were made ot 12°C, Four
@cdyses ocourred before sexualvmaturity; the time for
development is shown in Table 20, Pigment was developed

in the second instar, Hggs were lald 16 « 23 weeks /
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after habtching. There was no egg laying at 24%¢, and
young individuels suvrvived for only 1 - 3 weeks at this
temperature, At Bgcﬂ S davelaﬁm@nt did not take place,
Bees wore lald by moture specimens after 27 weeks at this
tenmperature, At IQQG@ e wean of 6 eggs was leld by each
female in & culiture of 60 mature specimens if the sex ratio
iz sssumed to be 111,

Under laboratory conditions at l%eﬂ@ survival foy 12
months s common, Ab §@69[s@ven individuals survived for

12 months out of 40 adults,

guychiurus ovocampatus Glein,

This is closely relabted specles to Q.latus budb is
slightly mmeller and unpigmented, The eggs (Plate 3)
ere similer to those of Qolabtus in appearance and size and
were 1ald singly or in palrs on the surPace or in cavitiles
of the culture medlum, Embryonlie development wes slower
then that of Q.lotus, the range being 31 - 373 days at 12%¢,
No development took ploce ab 5GG¢ or EQQGG Newly hatched
specimens measured 0,60 « Q.66 mm, in length and 0.1% mm
in head width and were othervise similar to mabture specimens
in appearance, Observetlons and measurement of the post -
embryonic development of 1% individuals was maede 2nd the

results are ghown on Table 21, Bge layling commenced in the

]

ourth/
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Candida - adult and eggs,
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ingtar, 18 - 22 weeks after hatching,
in laberator& cultures at 1200. the original adults
h&veibeen found to survive for more than 12 months. In
eulturag et 5°c, 27 individugls suvvived after 12 ﬁanﬁhs
irom 40 originally introduced,

Folsomia candida will,

¥s condlda is on unpigmented, blind speeles of the

f&mily Isot@midéa with a well developed furca, The
 insa¢t has an active running movement ond springs readily
if disturbed, Under bracken it Sms been found by the
eubhor to be evenly distributed between the huims ond
upper true gsoil layers. The eggs (Plate 4) are smaller
and mors tranap&r@n% than th@g@'af the Onychiuridae, but
ere elso globular and smooth surfeced. They were lald in
grcu@s of 9 ~ 36 wiﬁh q;preferenca for cavities in the
plaster modium wiﬁhvanmexternal_mparﬁure less than 0.5 mm,
in dienmeter, There»ig a. tendency fér oviposition at the
same site by o nunber of individuels so that'iarge QEE
negses are formed, At 5°0. development of the SRE teakﬂ
90 doye, ot 12°C, 13 - 15 doys and at 24°C. 7 - 9 daye.

. Newly /
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" hotched individusls were transporent snd measured 0¢30 -
0435 mim, in 1@méth and 0.09 mre, in head width but vore:
othervise similer bo the adult, . Ime to the very active
‘hﬁbits'qf these ingeeis and to other Qonsid@rmtions'ﬁireétf;
obhgervations of the grewth'of_individumls;§;gggot nade, s
Estimates of growth by measuring 10 individuols at
intervals from cultures at 12%, @nd'24°c,'are shoﬁn"im
Tables 22 and 23, At 129, eges wore leid 30 -~ 40 days
after emergence Lfrom the ege, at 24GQ. maturity was
attaineﬁnéfter 20 « 24 deys from hatching. A mean per
mature female of 29 eggs at ﬁoﬁ., 22 oggs ab 1200; and,

30 eges ot 24%0, was lald in the two weeks after
maturation,

Isotoma viridis Bourl,

Thie speeciles is a large (over 2 mm, ) wmember of the
family Isotomidae with well developed pigmentation and
furca, It runsg actively end has elsgo a very stirong
springing movement when strong stimilus 1z applied,
adults vere found mainly in the upper humus layers
under bracken and it}@mm be taken os typically a surfsce
dwelling form, B |

The eggs are swmooth surfaced, globular, maagurimg
0.21 wn, in dismeter before develeopment with pale red

pigmentation end the moture femele lays one cluich of /



6o
56 = 54 eggs. OvipositiOﬂ ves elvays on the surface
of the culture medium, Development of the éggs did not
toke place at 5°C.; at 12°C. development to hatching lested
16 - 20 days and at 240, lasted 6 - 9 days. The nevly
hatched young measure 0,57 - 0,63 mm, in length and 0,15 mm,
in hesd width, A pole red pigment is present in the body
fluids of the young, possibly carotenoid in nature, glving
the young its colour, Surface pigment becomes apparent
only after the firat ecdysis, Attompts at rearing this
spacies to maturity were unsuccessful,

Neanurs muscorum (Temp,)

This is also a lerxrge species with a wmaximum length of
aver 2 mm, and with derk blue pigmentation, The furea is
daeveloped but doos not appear to function and movement of
the insect tends to rether slow and ponderous, It was found
undor bracken in the surface humis layer,. The eggs (Plste
5) are comparotively large measuring 0,28 mm, in dlameter
before development and 0,39 mm., in greastest dlamcter before
hatching, Thoy are globular with a 1lightly marked surfoce
and cresm coloured, Mature females were found to lay 6
to 10 eggs c¢lther singly or in pairs on the surface of the
culture medium, Development of the egg at 12%, lasted

12 - 13 deys /



but no development took place at 5°c. or-24°0, The
nevwly hatched insects moeasured 0,7% -~ 0,84 mm, in length and
0s24 mm, in heead width and have a pale grey-brown "ground®
plgmentation with pale purple pigment on the head and darkly
pigm@nﬁéd.ey@sa, At.l?oc.\purple suarface pilgmont becam@
obvious after 8 deys and developed progressively; at-24oct
plgent was less well developed in the young, Growth did
not take place al either t@mperﬁture and maximam survival
of youag wvas 70 days at 1.0 C» and 30 days at 24 °c. The
faglure wag possibly due to lack of suitable food meterisl
as the mouth parts diffexﬁwfrom thoge of the other species
invemtigatad@'in being drawn out. and stylet-like, probubly
indicating &-diff@renee in feeding hobits,
Discussion.

| Qomparﬁbl@ investigotions of the life hiatories of
mrthropieone Collembola are few: the species concerncd

beiag “1pagnstrura mambrialis (Tullb,) by Ripper (1930)‘

H. purpurascens (Lubb.) by Strebel (1932), Orchesella

cineta (L,) by Lindemann (1950) and H, armata Nic. by

Britt (1951). A summary of some of the results of
these studiés‘is shown in Table 24,

Ripper's (1930) investigation of ¥, monubriaslis wes

prompted by the economic importance of this insect in

couging domage to mushroom beds, The moture fomalce is

reported to lay eggs in groups of approximately thirty /
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in covities in the soil, = The young were ﬁnpigm@hted but

othervise similar to the adult.  Bedyses wefe observed-evéry
5 « 7 days end sexuel maturity wes attained five to seven
veeks from the eggs being lald bul environmental condition:
for postwembryonic development is not reported, A
suggestion that parthenogenesis occurs is deduced from tha

fact that o high proportion of females (which Ripper (1930)

could distinguish from meles) wes found in the culiures.

strebel (1932) in his gstudy of H, purpurascens

obtained similer results for the 1ife of this species,
In both of these investigotions *moulting societies! are
roported in which groups of individuals sre formed in
vhich moulting tekes place practically simultaneously,
This behaviour was not observed in any of the speciles

investigated in the present study, The work of Britt

- (19%L) on H, armetes aug@osﬁafthat this species ig also

similar in developnient to the other membors of the genus

previously investigoted althcugh development tiwe is somewhd

" gHorter, Females are reported to reach maturity, in the

third to fourth ingter, in 23 « 27 doys at 24°¢, In all
threce speecies the sappearences and size of the egegs and
mamber 1oié sre in close sgreement,

The invesbigation by Lindemann (L950) of Q, cilnecta

ghowed theo relstion of temperature to rate of development /
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of the egg which ranged from 21 days at 1200o to 6 days

o 5 -
abt 247C. For another species Q, villosa the pro-

maturation period is said to last 30 - 50 days st 22 -
230, and 130 - 180 doys ot 10 « 1290,  Young individusles

of 0, cineta have diffuse vilolet 'ground colour' and

surface pigmentation during the 10 « 13 instars reported
before maturity, The development of pigmenﬁ in this

specles appesrs Lo be similar to that of I. wviridis

and N, muscorun,

The method of sperm transfer was not observed in
any of thosge studies and our knovledge is limited to %the

report by Schaller (1953) that in the species Oprchesclla

villosa ond fomocerus yulgoris Spermatophores are

r—"’\‘

deposited on. the surfsce of the subsstrate,  The females
are then seid %0 plece the abdomen in contact with one of
the spermaﬁophurea.bafora eges are lald, Scheller (1953)f
also reports that no eggs were lald by isolated female@,k
tending to confirm that parthanogeé%ia does not oceur,

In the present work eggs wore not laid by anf of the
species reared in individusl cells before imtroduction
into & communel breeding dish, Investigation of tho

eulture medium in the breeding dishes, however, did not

revenl the presence of structures similar to the /
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spermatophores described by Sehaller (1953),

In couparison with previously reporied records of
development of Collewbola; the embryonic development time
of the species in the present study show the same order of
megnitude i.e. 2 - 3 weoks at 12°¢, (Table 25), Increase
of temperature to 2408. approximately helves the
davelopqgnt time as might be expeeted fyom purely
eheniced
physieed consideratlons, The length of time for poste-

embryohic development of ¥, eandide and T, krausbaueri

is similar to that reported for Hypogastrura spp,

(Ripper 1930, strebel 1932, Britt 1951) but the other
specles studied have much longer post~embryonic
development time (9 - 22 weeks at 12°C.) whieh is close
t0 the results reported by Lindewann (1950) for

Q. villose (18 - 26 weeks at 1200.). The post-

embryonic development times for I, viridis aad

N. muscorum are probably also of this order of

magnitude,

The rosults obtained are interesting 1f studied in
eonjunction with the seasonzl varistion data reporied in a
previous section, At 12°0. the complete 1ife cycle of

Ts krousboueri lasts 7 - 9 weeks, of ¥, candida 6 -~ 8 /
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weeks, of 0. furcifar 11l - 14 weeks and Qf the other

Onychiurus specieg, 19 - 27 weaks. Under climatic

conditicns prevailing at Milngevie 1t might be expected

thaﬁ thmse QPﬁﬂiﬁﬁ wlth longer life cycleu are unlikely

to praduee more than tWO generations in one yenr and
with 10u wxntor t@mp@raturea may be r-strlcted te one

gen@ration. Thlu is reflaeted to seme extont in the

fﬂeld rosults; for axample, I, viri dis shows & single

y@arly pamk in populntinn, G. procumpatuﬂ has o twice

yearly pegk and P, coendide has on irregular variation

suggestive of a short life ecycle and more rapid change

of population size in respoﬁse to external factors,
suitable tamperaturas for the development of the speciles
studied here lie botween 5°c. end 2490.‘ The effect of
the lower temperaturs, although slowing down and
préventing reprmdnction in many specles, nevertheloss
ensures a fairly steble lovel of pépula@ion. The high
teﬁperaﬁure, olthough incr@aging‘thg rote of development
of sowe apéciés, paﬁse@ sich » ﬁigh mortality rate, except

in P, candilda, that reduction in the population would be

”expectad if subjected to this tempernture for more than a
fevw days,

The large egg masses formed by the females of F,candide

will tend to produce & non-random aggregated distribution

in natural populations,
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Sunnmnry .,
i, Qbgervatlons were mude of the life history of seven

species of (ollembola,

Y . - .
2 Life cycles ot 12 ¢, vere found to vaery from 6 = 8

0 . . .- s ,
vesks at 12 C. for F, candide Will, to 22 - 27 weeks

o O .
at 12 0., for Q.procamopntug Gisin,

3, The resultis are compared with nrevious work and the

relation of the present resulits to field studies is

3

discussed,




Be The influence of earbemwdiexide concentration on
so0ll Collembole,
Introduction,
The g&séeuﬁ environmen£ of soil dwelling animels is
not well known, It seems probable, however, that in a
s0il horizon, where decomposition is setive, & high
concentration of cerbon dioxide will be found and it is
reasonable slso to suppose that the inhabitants of such
éoil layers will have s greater resistance than other
speci@s to relatively high carbon dioxlde concentration,
A ﬂimiiarity in conditions is o be found in stored food

products infested with mites or other arthropod pests
and it hes been shown by MHughes (1943) that & common pest

of cereal products, Acarus siro (L.), do@s indeed show a

tolerance to high é&rﬁnn dioxide concentrations, Kuhnelt
(L950) suggest that sublerrenean (Collembola shovw a similer
tolerance, but exact informebion is limited to the work of
Ruppel (1953), in his physiologicel investigation of this
group,. The prosent study is concerned with thé effect

of high carbon dioxide concentrations on seven specles /




14
species of (ollembola whose distributicn in the hunus

and soll layers has 2lso. been investigsted in field studies.

Methods,

The apparntus used in the experiments is similar to that
described by Hughes (1943) end is shown in Tig, 22, Flasks
A and B hod each a volume of 700 ml, and were the reservoirs
of nitrogen and carbon dioxide in the experiments, Alkeline
pyrogallol wvas added to flask A to absorb oxygen, flask B
was filled with carbon dioxide at atmospheric pressure from
a cylinder of the pure gos, By adjusting‘ghe height of the
levelling funnel (@, which contained pure glycerol,
appropriate volumes of carbon dioxide, nitrogen and air
wers drawﬁ into the graduated gas mixing chamber to give’
the required levels of carbon dioxide concentrations, with
a constant proportion of air (50 per cent.,) When the |
a@propriatavmixturas wvere obtained the lévelling funnel was
raised so that o slow streem of the gas mixture passed
through the observation tube, the gas chamber being
emptied in approximately sixbty mimutes. The observation
tube contained moistened chareoal/plaster medium as shown
in rig, 22, The experimental specimens vere added to the
observation tube some thirty minutes before each experiment

and cobrservations on their condition were made by low power /
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Pig. 22 Influence of carbon dioxide concentrations =
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binccular microscope, Fallure of motlonless snimals to
respond to mechanical stimili wes recorded, Ten

individuels of Iolsomia candida Will,, Onychiurus latus

Gisin, Q, procompatus Gisin, Tullbergis krsusbeueri (Boern,

snd five speclmens of Frieses mirabilis (Tullb,), Neanurn

ARl M

nuscorum (Temp,) Isotoma viridis Bourl. were used in the-

experiments,
Re%ults.

The introduction of the ges mixtures to the
observation tube coused o slight increese in activity in
all specles but this may have been due to the puroly
mechonicasl disturbence of the ges, The increase in act-
ivity was not noticesble after a few minutes, Subsequent
observations at five minute intervals geve the results
shown in Teble 26, At the %0 per cent level of carbon
dioxide concentrstion »1)l species were lmmobilised In five

minmates except F, mirebilis and N, mscorum which were

active for & rather longer period, At the 30 per cent

level 1, viridis was most rapldly affected, resistiance

being no grester than et the 50 per cent level, but
progressive ilncrease in survivel time was shown by

T, kreusbaueri, 0, procampatus end Q, latus, =211 of which

wvere immobilised within ten minmates and T. cendide in

twenty minutes to P, mirsbilis and N, muscorum, which

survived for thirty /
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to thirty five mimates, At the 20 per cent level &
similar pradation of effect wag shown, with &1l speciles

heving longey periods of activity end M. musecorum

and F, mirsbilis completely nnaffected, At the % per

cent level of concentration no effect was shown/by“ﬂny
of the experimental specimens although this astmosphere
was maintmihed in the observetion tube. for twelve hours,
In 211l cases where specinens were rendered motionless
st the higher concentrations of carbon dioxide recovery
vas complete within a few hours of exposure to norsgl

atmosphere,

Discussion

The potential importance of soll animals having
resistance to high csybon dioxide concentrations has
slyveady been mentioned and Ruppel (19%53) found in the
course of an investigation, mainly on the sction of the

ventral tube, that gnychiurus simatus Tullb, wes nob

affected by o concentration of 30 per cent carbon

dioxide in sir, whilegt Qrchesells villoss and Tomocerus

vulparis were affected at & 1 ~ 2 per cent concenbtration,

In the present work the high reslistence of Q. sarmatus

was not shown by any of the gpecles examined, Greatest

resistence wos shown by F, mirebilis and N, muscorum, /




which withstood an atmosphere contaluning 20 per cent
carbon dioxide; other species were completely

resigtant onlj %0 5 per cent concentration, Trom

the stﬁdy 6f;veftical distribution in the field sampling,

results show that I’y mirabilils snd Folsomia cendida are

evenly distributed in the humis and upper scil leyers,
although, owing to the method of sampling, thé results
moy algo indicate a concentration at the interface of

these two layers, 0. latus and Q, procempatus were

found more abundantly in the upper humus layers and

adult specimens of J, viridis were almost completely

restricted to the surface, T. krausbaveri is typiceally

an inhebitant of the lower, true soil, horizon,

Relating this digtribution to the susceptibility or
roesistance of these species Lo carbon dioxide concentr-
ation, there is an indication that species restricted

to either the upper or the lover layer are less resistant
to atmosphere of high carbon dioxide content, To some
extent this agrees with the work of Ruppel (19%3), who

found thet the surfoace dwellers Qrchaesella wvillosa and

Tomocerus vulgeris were relatively very suscopiible to

carbon dioxide in comparison with Onychiurus armalus,

summary/
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Summary

Lo

3

The effect of concenbrations ol cerbon didkiﬁé
in the atmosphere on seven speciws of soll
dvelling Collembola is recorded,

A variation in resistonce between specles was
found, five specics being resistant to a § per
cont concentration and two specles to 20 per
gent . concentyration,

The relation between resistance snd natursal
depbth distribution of these species is discussed

with reference to previous work,



79
Ce The inf‘].uenee of low relative humldities on
soil Collembola,
Introductlon,

It hags been shown by Thamdrup (1939) omong others,
that only in very severe drought con&itions ig the
rolative hunidity of the etmogsphere in soil pores
appreciably lowered from eatur&tioﬁ level. In view
of this faet, 1%t is to be expsected that in the ewvolution
of soll dwelling arthropods there would be a reduction in
whe powers of reosistence to desiccation, It is possible,
however, thatl, partieularly in those forms living noarest
the surface, there may be exposure from time to time
to abnormelly dry conditions and thoe physiologiesl
evolution of & group of diverse hebits may lead to an
indrease or reduction in powers of survivael in lowv
reletive humidities, InTormation on the resistance of
five species is glven by Davies (1928) in whose study
the only speeles found 4o heave a definite resistence to

desiccotion was the trseheate Sminthurus viridis L.

The ability to survive periods of deslccation in the
ogg stage of this species hag been found to be well
developed (Dovidson 1928) end the eggs of other specles
appear to have a similar rasistence (Strebsel 1930,

Ripper 1932),

Methods/
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Methodg,

The atmospheric conditions of warious relative
humidities were produced by having appropriaste notassium
hydroxide solution in screw-cap Jars measuring 7 cm, in
height and 9 cm, in diaweter (Fig. 23). The densities of
the solutions to produce the required reletive mmidity
valucs of 20, 50, 80 and 20 per ceunbl are according to data
supplied by Buxton and Mellanby (1934) and Solomon (1951),
The appropriaste densities of potassium hydroxide solution
reguired to obtaln those reletive humldity values st 20°0.
is shown in Table 27.

The control Joar contained wster only, giving 100 per
cont relative humidity; in thiz, small petri dishes 4 om,
in diemeter, with a thin covering of plaster on the base,
were supported by glass plates spproximately 2 cm, sbove
the surface of the solution, The experimental meterisl
was assembled several weeks before the experiments to allow
an equilibrium in humidity conditions to be attained,  The
azperlmental specimens were obtalned from breeding cultures
in wvhich 100 per cent reletive humidity was contimaously
maeintalned, Ten speclmens qf each specles were added
to the small petri dishes and the covers were tightly

glosed, continuous observation was then made through /
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the side of the glass Jars and the period before all

gpecinens of aaeﬁ‘wpggiag were imnohilised was noted,

The Spacieaﬂgnvesti@ata&'WQre Tfallbergls krausbsueri

(Boarn,)fﬂnyehiurus latus Gisin, Q. vrocampotus Glsin,

Eol&omiaf&aﬂdida Will, and Isotoma viridils Bourl,

Results,

The survival time for the five species in thege
exper;m@n£$ is shown in Tablelza. IThe control speeimené
ware:ungff@cﬁed during the time of observation snd after o
fﬁrtharwlmpse of several days continued to show no ill
:efféets. | At 90 per cent relative humidity a gradient
bf survival time is shown from 30 minutes for the $mall‘

unpigmented gpecies T, krausbaueri to 295 minutes for the

largest species I, viridis, At the lower relative -

humidities o similey gradiont can be seen until at 20 per
cont relative humidity the survival time for all speciles

wos 15 mimites except I, viridis which survived for slightly

longer, Tor each specles there &ppears to be a critical
level below whiéh desiceation is very rapid, In

T. krausbaueri this level lies bhetween 80 and 90 per cent

relmtivé humidity and for the other species between
50 and 80 per cent relative humidilty,

Discussion /
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Discusgion

The results obtained for the speciss I, viridis

are in agreement with Davies' (1928) resulis, teking

into consideration differences in experimentel conditions,
Devies! (1928) experiments were corried ocut ot 25°C, with
specinmens in glass tubes covered with cheese cloth &t the
lower end and suspended over solutions of sulphuriec ecid
in flaska. He found that st 90 per cent relative

humidity 1. viridis survived for 90 mimates, at 50 per

cent relative humidity for 60 minmutes, at Zo'per cont
relative humildity for 30 minutes, At 100 per cent

relative humidity, survivel of I, viridis was limited to

gight hours, In the present oexperiments the speeimens of

I. viridias at 100 per cent reletive humidity were heslthy

sfter seversl days, at 90 per cent relative humidity
- the specles survived somewhat longer than in the pfavioue
work, namely for 2951minutas; but ot the lower levels of

relative humidity present records show e simil

e

time or rate of dosigccation, I. viridis and T, vulgaris y
/ S oM AR ) : :

were the most susceptible of Devies! species in

e meest et e b

r survivael

comparison with B, multifasciatae, D. mimts, and §,viridis,

The former species ere more typically soil and litter /




83

dwellers, - The veory pronounced resigtence of 8, vifidis

to 10w'humidityfaonditiem84i& related by Davies {192a)n
t0. the presence of t}ééhe&e; but it is also dletinctly
related to the normal enviromment of this species which
lives mainly on macfagopie vagetation, In the préa@hﬁ
work on purely soll and litter dwelling specics o
relationship eppears to exist between their vertical
distribution in nature and their auseeptibility tovlqw

relative humidlties, . T, krausboueri is the most

susceptible in the experiments and is characteristicelly

en “inhabitent of the lower soil layers, O. procampatua

was found in field studies to be rother evenly distributed
b@twe@p the humus and true soll 1ayeré and shows o slightly
greaterlresiﬁtanee to desiceations . Q. lebtus is a larger
gpecies which spert frém the present record of
distribution has been found only in woodlend litter and is

a typical litter speciles, It shows & glightly greater

resistance thgn O, procampatus at 80 per cent roletive

humidity, The position of T, cendida is not so easily
axplicéble in this context, It 19 evenly distributed
between bumus and true soll layers énﬁ despite o complete
lack of pigmentetion it has s well developed furce and is

very active, suggesting adaption to surfsce living,

The survival of F, candida at 90 per cent relative /
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humldity ig considermbly len@er than that @f 0. latus

but lu similer a2t Low humldiﬁnes. The most raaistant

wpacies wes I. viridis, & lorge darkly pigﬂented speciaa;

the mdults of which are typical of the surface leyers
of soil and 1ittar. Davies (1928’ suggoests fariaua.
ﬁechanisms by ﬁhich resistonce %0 low humidities mey be
effected in Gollembola; Hygroscopie halrs and seales
for exemple ore present in one of his mofe resistant

species, H, multifascinta; but were also present in

T, vulgeris, one of the most susceptible, The presence

, of trachese in S. viridis has olreedy been mentioned but
another chafacteriﬁtic of the épecies is the possession
of a well da@elop@d ventrel tube with 105@ protrusible
vesicles; There isg a relation between the development of
the wventral ﬁﬁbe, in the speciles investigeted, and resistance
to desiccatioﬁ. The most suscoptible species, from the

experimental evidence, is T, krausbsueri which has a sioll

ventral tube in relation to body size,  Surface living

arthropleone species, for example, Isotoma viridis and

Entomobrya multifoscists have a larger ventral tube in
| relation to body size and a resisbance to deslceation
% which is intermediste between that of the true soil

dwellers snd thet of specles, such as Sminthurve viridis,

vhieh are, more or less, independent of the soil,

summery/
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SUMmO LY

The resistonce of five swil and litter dwelling
species of Collembols on exposure to sitmospherewm
of low relative bumidlity was exemined,

ALl species were found to be auscaﬁtible to
degicceation st reletive hawldities of 90 revx

cent and lower,

A renge of survivel time.at the vearious levels of
relative humidity is noted, from 30 mimites fov

To krousbaueri and 205 winutes fTor I, viridis =t

&,

90 per cent relabtive humidity.,

There appears to be & ceritical level in relative
humidity below which desiceation and desth sre
very rapid,

Tﬁ@ present results snd simller previous records
are discusged in velation to nsturel environment

s&nd the wmechanism of resisbteonce to low humidities,
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D, The food of scil Collemboln

The fggding habits of the Boil fauna esre important
both in relestion %o humus formetion and possible pest
status, 0f the few s0il animels whose feeding has been
gtudied, Lumbricidae appesr to play the most important
role in incorporstion of deposited orgenic material with
the mineral soill, Derwin (1881) found thet the asctivity
of the earthworm populaetion in Englond in one year was
responsible for the formstion of 10 tons of top soil im
evVery acre, The effect of so0ll erthropods cen not be go
conclusively demonstrated although it has been reported by
Scheller (1950) that a population of 100 thousand Collembola
per ﬁqmar@ metre were capsble of produming 183 e.c, 0of humus
ammially, Wmhis is equivalent to about 1 ton of humus per
oere, The actusl materisl vhich is ingested by soil
Collembola is mﬁill controversial to some extent, It wos
r@portéd by Schaller (19%0) that fresh lenves were not
eoten and there is a rather genéral opinion that living plant
material is rarely attacked by (ollembole, There have,
nevertheless, been many reports of demage to plonts by these
ﬁﬂi@ﬁlﬂ‘(ﬂéisom 1933, Brown 1953) and there is some reason tc
believe that they can cause apprecisble demage to living |
plant tissues under c¢ertain conditions,

The following aceount 1g based firstly on obugrvation o!
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gollembola obtained in fleld semplings of bracken 501l
and secondly on food preference experiments with various
species in the laborstory, These observetions were
intended primerily as a means of discovering a suitsble
diet for Collembols in loborstory cultures but mey slso

be a2 guide to further study,

Methods

The procadurg for collection and mounting of specimens
has been described previously. In & number of these
gpecimens the gut cpntenta were retained during the
extraction processes and the materisl wes ususlly
recognisable. The samples on vhich the observabtions were

made were teken in February 19%6; August 1956, Decembar 1956

and June 19%7.

In the preference experiments a plaﬁter dish, shown in
Figure 24, was ugoed, The food materisl was presented in
the opposing food chambers of egch secbion of the dish,

Two similar food presentations were mede Lo esch specliss in
the experiment with the food positions exchanged to reduce
the effect of position of the food, Adult specimens of

fullbergis krausbauerd, Onychiurus progampatus, Onychiurus

latus, Tolsomia condids and Isotoma viridis/
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vere used in the experiments, Five specimens of

I, viridig and ten specimens of the other specles wersd

intrcduced into each 9f the middle chambers of the dish

furee
in each experiment, The animals were obaerved during

a period of 10 deys ofter introduction of the faad,A
Dlrect observation of feeding by low power microscope
was made in cach speclies and in additlon these

obgervatlons were verified by inspection of the gut

contents of the unpigmented speciles,

Results

The meterial found in the gut of.speeim@ns from
' field $am§iing could be divided inte four categorics
namely soll, in which small minersl particles
predominated; orgonic debris, in which larger particles
showing distinet plant structure were present; fungus,
ineluding hyph}:ae and @porss; a:md spores of bracken

(pteridium aguilinun (L.) Kuhn)., These categories

account for most of the gut contents observed but in

fow exceptions othér materizl was present including
cuticle and setae of other species of Céllembéfé;=' The
pumbers of imdividuals observed and the cecurrence of the

various food categories are shown in Table 29, On a@ll four/
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ncaasionb all specimens of 7. krousbsueri snd T, aamdidn

had soil only in the gut In Tebruary and December 1956

nll four categories were found in the apaaimans of, ...
B " \ “:«,j:‘(‘i;‘l, '

O tmxf?éemnpatus. Bracken sporeg were absent from Lﬁhe gut

of d.'prooampatus on the other two occasions Auguéﬁ 1956

and Jgnuary'i957. This was agscoecilated with the
depogition of spores from brocken in lote suntunn, The

Cmaximum mamber of occurrences of soil in Q. procempatus

wes in Deé@mber 1956; The results of the enelysis of
indi&idual size shows that this was colncident with a
vmaximum of young individuels vhich presumebly feed on
A am&ller particles,

Speaimeﬁs of I, viridis wero obsorved ohly in

February 1956 and June 1957, In the specimens from the
February samples, helf had orgenic debris in the gut

and the remeinder hod mainly fungus’and bracken gpores,

In the June sanmpling no organic debris wes found in the

gut of I, viridis snd soil formed two-thirds of the gut

contents, This was c¢oincident with a very large
proportion of young individuals of this specles in

the population, /
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Thewaomparisens in the pr@far@ncé experiments wore
between s, bracken spores and granular starch (Anelyticel
Reagent) ; b, spores and powdered charcoal ; ¢, spores
and fine grain mineral soil ; d, spores and bracken
prgthglli y €, starch and prothelli,  Starch, chafcoal
and soll were chogen as a means of pregﬁnhing naterial
of fine grain size. ~ The fine soll weg obtzined by wet
sleving & ﬁamﬁle‘af s0il, from bracken cover, through a
fine mesh sieve (B.S.100 mesh), The prothalli were
grown from spores germinaﬁedAgn g mutrient agar medium
and a single prothallus was removed to the plaster dish
for each experimenﬁ. The prothelli continue to grow on the
plaster surfaeé. Tba«re&ulis‘of observation of the
subsequent feeding of the five species which vere

investigated arec ghown in Table 30,

The specimens of T, krausboueori showved a choice of
povdered charcoal and soll in preference to bracken spores
although the spores were eaten occasionally, In the species”

0, latus the comparisons showed @ tendency to prefer spores

to starch, s0il or prothalli, although 211 the materials
presented wore esten to some extent, In the comparisons in

vhich 0, procampstus was studied, there appesred to be

a cholce of charcosl in preference to bracken spores but /
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the spoves were taeken more froquently compared with

the other masterials offered, Individuals of ¥F. candids

showed a preference for starch in the compoarison with
bracken spores and in the comparison with bracken prothelli,

goil waos also eaten in preference to bracken spores by

7. cendide but the spores were more frequently coten by
this specles vhen offered with powdered charcosl, The

specimens of I, viridis showed a definite preference

for spores in the Ehr@a comparisons (a, b and 4) in which
they were cbserved.hv

Feeding on the bracken prothalli resulted in notches
being made slong bhe edges of the flat expansion of green
%issue.( A<similar type of'damage had previously bheon
proﬁuqad on fresh léav@§ of tomato seedlings when
introduced into a dish containing a number of
individuals of Onyehiurus spp. In these unpignented
species the green mmﬁerial was e¢learly visible along the
.l@ngﬁh ef~ﬁhe]gut and the food resulted in glving the
frose conspieumus'éalaraﬁicn due to ﬁnéhangeﬁ green

chlorophyll pigment, /
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Discussion
MacNamara (1924) in & review of the food of Collembols

considered that, with a few exceptions, softensd organic
material, fungus and algee were the waln sources of food,
He also gives records of feeding on pollen graing, elthor
deposited, or directly from flowers,

Strebelts (1932) experiments with various species
of (Collembola showed that any softened organic materisl
was eﬁtan, except where extreme acid, salty or sweet
materisl was invelved,  Similarly, Britt (1951} found

that specimens of Hypogastrure armobta Nic,ate a large

variety of orgaonic materisl including starch, butter,
cheoese, fungel mycelia and yeast, Specimens in breeding
culture were found by Britt to exist on a diet restriected
to yeast,

The feeding of (Collembols on plant debrls and th@
gffect of this Teedlng on forest Litter wes investigated
by Scheller (1950) who found that slthough leaves vere
not eaten when fresh, they were readily consumed when
gsoftened by primary decay orgenisms,

The pest status of 2 number of specles of Collembole
was summarised by Folsom (1933),  Typicel demege caused

by moil Collembols, according to Folsom, is the eating/
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of holes in leaves of seedlings, gnaving of young
stems Just below sodll aurfﬂag level and destruction of
flne rootlets and root helwes, Demuge to the roots of

sugar cane by @ mamber of species of ¢ollenbola lncluding

Onyehiurus srmetus Tullb, is reported by Spencer and
Stracener (L930), More recently Brown (18%3) reported
that temaﬁa seedlings are susceptlble to attack when
large populations of soil Collembola including
Onychiunrus spp. are present, - The eﬁp@rimeﬂts of M@?phy
and Doncasgter (L957) showed amﬂinteraﬁﬁing possibility of
direct beneficlal affect of feeding by Collembola in the
destruction of cyste of plant Teeding nematodes

(Hoverodera spps). It is reported by these authors that

the selworm cysts ocre perforsted by individuels of

0, armatus (Tullb,) and other species and the cyst contents

esten, It 1s elso claimed that appreclable damage to
natural populations of gyst-forming selworms may be caused
in this way.

It hes been suggeét@d by Conwsy (19%3) that feeding of
the s0ll population of Collembolsn on spores and sporelings
of bracken helped in the suppression of the gametophyte
generation of this plant, In obagervetion of individusls

0f Q. procompatus from bracken soll in the present study

more than 300 spores were commonly found in the gut.
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However it is improbable thet this would seriocusly sffect
the neturel developwent of brocken considering the large
namber of spores deposited by the plant.

In the present work the results show that certsin
Collembole living in brascken soll feed mainly on the small
particles vresent, which may inelude inorganic meteriel,
The diet of emall svecles and young individuals cfllarge
spocles seens 1o be r@mtricteé to partiecles of smell size,
Preosumably sufficient organie food material ls present on
the surface of the minersl soll greins ingested by these to
supply thelr nuiritionel requirements, Delicete parts of
living plant meterisl form suitable food materiel for some
species but such structures were not shown to be preferred
to particulste metter whare available, From an economic
aspect, epprecieble demage by Collembola to cultiveted
plants is to be 6épecteﬁ only vhare large populations are 1
proximity to delieste plant structures, for exemple, parts
of young seedlings in contect with or just below soil surf-
sce level, It has been noted thet the diet of

T, krosusboueri tends to be resiricted to smell pariicles,

including minersl so0il, A relation can be demonstrated
between the depth distribution of this species, vhiech is

found mainly in lower soll layers, end the preferred food /



material, A similar preference is shown by the young of
gome species whiech also ogcur at lower depths, ALs0o,

T, krasusbeuerl is notably ubiquitous in distribution snd

this may boe relsted to the similerity in msterisl
avallable al lower depths in different soils, A much
greater diversity of food is svaillable in the surfoce
layers of the soill and this mey influence the distribution
of speciles of Collembola vhiech are usually found in such
layers, A long term investigation would be required to
distinguish posslibly delicate preferences for different
types of ovgenie msberiel including micro-~flors,

Summery
L The gut contents of specimens of four species of

Collembola obtained from sampling of bracken soil,
are recorded,

2e The observatlons of specimens from fleld szmples
indicated that feeding took place on minersl soll
particles, bracken spores, fungus and particles of

general organic debris, Specimens of T, kresusbaueri

had minersl solil particles only in the gut, other
species had various types of material,

S Laboratory preference experiments on Tive speciles
of gollembols showed that materiels of smell particle-
gize, other than bracken spores, were enten and in -

some enses were preferred to brseken spoves, Living

green plent nateriael wes also saten 1ln some cases,
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E. An investigetion of pigmwentetion in Onychiurus
%%ﬁﬁ Gi%ino
Introduction

O, latus is a relatively large specieg of the

fomily Onychiuridee, moture specimens measuring

2 « 3 mm, in length, The species was found rather
abundantly in litter in certein areas of bracken and
moorlend grass at Milngevie, The only previous record
of the occurrence of the species is in forest litter

in various localities in England (Gisin 1956),

O Lotus differs from most of the other species of

the Onychiuridse in possessing o pigmentation of
various intensities of yellow or orange. Other species

with similer pigmentation include Q. alborufescens

(Voegler) and Q, flavidulus Begnall, The pigment 1s

rapldly lost in specimens preserved in slcohol or
in orgenice Tixatives and is obviously fet-soluble,
The nature and importance in metabolism of these pigments
has not been previously investigated,
Distribution of the pigment
The distribution of the pigment in specimens of

0., latus wes observed by pertislly clearing in =

chlorsl hydrete/glycerol medium, gentres of /
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pigmentation were observed in the body cevity arranged
segmentally along sach glde of the insect from the
first thoracic to the sixth abdominal segment and slso
along ﬁh@ 1éngth of the mid gut snd surrounding the
cesophagus, This corresponds to the distribution of
the.f&m body in these insects which remains well
developed throughout life, In young individuslas
p@gmenﬁation is barely dlstingulshable until 10 -~ 20
days from emergénce, With increasing sge pigmentation
is inbensifiaﬂ progressively.

The effect of stervation snd different food materis)
was 6180 investigated. After thirty days at 12%0.
in culture with no suitable food materisl the survivors
weré almost completely unpigmented, These specimens
differed from othexr naturslly uhpigmanted specles in a
relative léﬂk of opacity, | Specimens feaeding on
decomposaing potato snd on bracken spores showed no
apparent difference in pigmentation during this period,

Chemical nature of the pigment

From approximately 900 adult specimens of O, latus

4 wl, of yellow pigment solution was extracted in acetons, /
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auhaequani trestment in the anwlysis of the pigment
vas according to the method described by Fox snd pantin
(19411. The plgment ﬁmw tfanﬁferraé to ether by
diluting the acetone with water and g1l traces of
scgbone remeved by Turther weshing with water, on ﬁh@
addition of 90 per cent mebdthanol t¢ the solution the
pigment remained in the ether layer, After hydrolysis
-with aleoholic potasgsivm hydroxide and partition in 90
apd 95 ﬁ&r cent mothanol the plament remsined in the
apiphasic layér. The ether solullon was add@d to
a column of maghesium oxide and ether wae added to
develop a chromatogrem according to the technique
described by Karner and Jucker (1950), A distinet
yaliow band was obiained nesr the top of the column,
The plgment was then eluted from the eolumn by
Cgddition of ether end a final wolume of 20 wl., token
for spectroscopic anelysis, The gbgorption spectrum
chtained in ﬁhé tUnican? Ullra-violet @bﬁarptiumﬁwaa
specbrophotemeter ls shown in Pig. 29, Slight
sheorption is shown in the visible range from 485
10 J80mau in the blue-violet region, the absorption
curve rises in the ulitra~viclet ronge to a conspicuous

peek at 280 « 287 wmu, & further tost with the pigment /
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in ehloroform golution geve a brown coloration on the

addition of concentrated sulphuric zeid,

Diéeu&sion |

The results of the enolysls of the pigment show
what 1t has properties simliler to the chrowmolipoid or
Lipofuscid group of pigments, These sppear to be
formed as oxidabion products in the metebolism of fab
(Cimcclo 1919). ‘The presence of a similer plgment
in cells surrounding the enteric canal of leeches
“has been reported (Verne 1926), although tho preseunce
of the pigments in various vertebrate tilssues hae been
more completely investigated, Prenant (}913) glves
one of the few sceounts of this type of pigment inuinmeeta
in his work on pigmentation in wings of Lepidopters.
The occurrence sand physicel properties of a number of
similar pigments found in the marine annelid

Thoracophelia mucronsta has been investigeted (Fox et sl,

1948), The physical funcbion of such pigments,
however, remaing unknown, 1t has been suggested thatb
they become progressively oxidigsed to woluble compounds
ear;ing in this wey as reserve fuel (Fox 1953). ‘Tha

decreanse in pigmentation in specimens of 0, latus

deprived of food tends to support this theory. The /
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The apparent intensificetion at 590, is pogslbly due
to the fact thaet,zlthough feeding continues at this
tempaerature, movenent is noticeably reduced,

Uader normal conditions the fact that the degres of
oxidation conblmmes with aldvancing sge confirms the
suggestion that these plgments are essentielly catabolice
yaste products. The physiological differences which cause
deposition of the pigment in particular specles in comparison
with otherwise closely related ut unpigumented sgpecios are
unkﬁownu - For inhabitants of the upper soll layers there is
prméably & survival velue in the possession of such pigments,
unpigmented speclies being rarticulsrly conspicuous against
the darker background of their natural habitatb, It is of
interest to note that the unpigmented young of this species
tend to be found et lower levels in the soil, The place -
of the pigment in the biochemical 1ife of these insects

remainsa question for future investigation,

o
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The occurrence’ and distribution of yellow

nigment in Qunychiurus latus is recorded,

The pilgment was found to be Tfat soluble and
assoeieted with fot body tissue in this snecles,
At low temperstures plgmentotion wes intensified
vhilst abgencee of food c¢aused diminwubion of the
colour,

The results of physlcal snd chemiceal tesbs show:
that the pigment belongs to the groun of fatly
gompounds known as chromelipoids which sre
consldered to be oxidative products of lipids,
The poesgible function snd nlsce in metbabolism

of these vproducts ig discussed,
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appendiﬁ I Lxtraction ﬁadhniqna
The multiple funnel extrsction aspparatus,

A general wview of the apparatus is shown in Plate 6
and detalls of the individuanl unit in figure 26, The app=-
aratus oomtains slght rows each of which accommodaﬁeé six
sampling units, the whole appasrsius heving o capacity for
A3 mamples, The materisl for the frame and sempling tubes
was 16 goauge sluminium,

The samples wore teken in the sluminium tubes #hich
measure 14 inches in oubside dismeter and 5% ¢m, in height
giving o sample of volume 50 c,om, and 10 squere cm, in
crosg-gectional area, A speelslly congtructed handle
vas omployed to insert the sompling tube in the soll snd
to withdraw the tube with the sample, After sempling the
tube was placed in position in a laminsbted plastie ﬁlate
in the apparatus where it was held by means of o rubber
band so thot 1t wes suspended over the glass funnal.with a
space of approximately 5 mm, between the lower end of the
bube and bhe funnel, Heat was applied to the smmpleé by
means of a current passing through a length of 18 gouge
resistence wire in g polished hemi-tubular reflector
along each rov. The rosistsnce wires in cach roﬁfﬁé%é

connected in series with the maineg electricity supply

tronsformed to 12 volts, The collecting tube, attached/



wire

Fig. 26 Funnel extraction apparatus; Diagram of unit

Plate 6 Funnel extraction apparatus®
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to the glass funnel, eontained water which was used
in preference Lo alechol, formelin or ether fixatilves vhich
may neve & detervent effect on downward migrpbion of the
gnimols in the sawple. The possibllity of deterioratlon
of spoelimoens due to fmmgai gontaminatlion in the ealyacﬁing
tubes was avoided by renmoval of the tubes sfter four 1o
five days and replagement by iresh ta%a%.- The extraction
yas normelly completed in frowm six to ten days., Refore
finel vemowsl from the apparatus the @&Mpliﬁg tubes and
funnels were washed down with water and then with 70 §er'
cant pleohol t0 remowe sny spacimens remsining on the sideg
of the system,

Measurements were nmade of the temperature and umidity
changes ot the upper snd lover ends of one sample during
exbrsetion (Figure 27). A speelel seapling tube with small
holes 1n the side sl the upper lower ends of the sample
wos made so that temperature could be vead dirdctly
by o small (4 inches long) mercoury thermomster : relative
humidity ves measured by cobalt thioeyanate papere
aeeording to the method of Sclowon (1945, 1957, The woom
vempersture, whieh is seld by lscfadyen (1953) to couse

considerable change in the physical conditions in the /
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Fig. 27 Physical measurements of temperature and

relative humidity.of sample in the funnel

extraction apparatus,




I1T
funnel epparatus, fluctuated only slightly during the period
petween 17,5°¢, and 18.0°¢C. The tempersture ﬁiffar@nea
betveen the room air tempersiure snd the lower surfasce of
the somple, end between the lower ahd upper surface of the
sample, wvas spproximately 8 centigrade degrees in eaéh
case vhich is similaxr to the flgures given by Maef%dy@m
(1953) wor his apparatus.,

The efflciency of the gpparatus in extracting
Collembola compared with s diroct count was not tested
but & comparison by Mmefadyan (1953) of o similar
apparatus showed that esboul one third of the Gcllembolav
in the gample was extrscted, mfficlency is possibly
higher wilth samples of larger pore structure, such ns
those studied in the present investigations, bub, in any
¢ase, bthe resulis are considered to be sufficiently

conaslstent 0 make velld comparisons of the populations,

The flotation extraction apparatus

The gpreratus vhich is similar to that described by
Raw (1955) 1s shown in Plate 7. Deteils of the processes
invelved in this extraetion metvhod can be followed by
reference to Figure 28, Tho solil ﬁ&Wpl@JWéﬁ Tlrat

thoroughly broken up in a eontedner conteining e solution/




W IDE MCcCSsH S IEVE.

FINE. M ESH SIEVE

Fig. 28 Diagram of flotation-extraction apparatus.

Plate 7 The flotation-extraction anparatus,



IV
in wuater of %0g. sodium hexametephosphate and 20g. sodium
carbonate per litre, This foecileted dispersion of the
801l particles by transfer of sodium and calecium ions,
The semple was then transferred to the wide mesh sieve
and washed into the settling can A, stémes and éﬁh@r
lerge pieces of meterisl were removed from the sieve after
thorough waéhing. The semple was trensferred to the
nlpdell® con. B by pivoting the setiling can, In the
vladdel® cen the aqueous sSolution was ellowed to filter
through the fine mesh sleve and the can was then filled
with n saturseted magnesium sulphate solution, Qompressed
air was blown through the sample to ensure thorough mixing,
The minersl soil particles were then allowed to settle and
the orgenic materisl in the somple wes floated from the
surface of th@'sdlutien into .tube C which hod s fine mesh
at the 1ower'end. -In the presént work»little plant
meterial was present in the sample and subsequent
separation of the animals was done by direct sorting in

s “Perspex? dish under & lowepower binocular microscope,




Appendix IX.

Numericel Data



Teble 32. Collembole end other Apterygota obteined from
seesonel samplinge of brecken soil,

u - uoper eemple 1 - lover sample.
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