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GENERAL INTRODUCTION.

It has long been realized that the soll is no mere mass of dead
naterial in which nutrients are passed to plants by purely chemical
and physical processes, Rather, it is known to be a milieu of
intense biclogical activity where complex chemical reactions and
physical processes are intimately associated with a vast comnunity
of organisms, - a tumultuous array of life, ranging, in the words of
renton (1947), from bacteria to badgers.

The majority ol the invertebrate metazoan inhabitants of soil
belong to the category which i"enton has called the mesofauna:-
an arbitary middle size group of animals, ranging from species "just
vigible with a hand lens" to forms several centimetres in length.
The mesofauna is mace up of representatives from a number of widely
different zroups, amon: st the more important, both by virtue of their
nuabers and biological interest, being the Arthropoda. Thése are

usually dominated by Collembola and Acari, ranging in length from

about lOOP to approximately 1 cz., and which, with allied forms of
similsr dimension, are collectively rererred to as micro-arthropoda.
Less numerous are the larger species of Chilopoda and Diplopoda, and
certain Insecta, although these for.as are generally more familiar,
many beinz well knowm as pests of crops.

The followingz contribution to soil ecology is concerned mainly
with the micro-arthropoda of old grassland in a Glasgow park. In

its/



its ultimate form, the investigation was designed to study the
following:-
(1) Population of the uncultivated soil.
(2) Effects of cultural operations.
(3) Lkesponses of the population to applications
of the persistent synthetic insecticides-
D.D.T. and B.H.C., applied separately
and together.

The reasons for the inclusion of these insecticidal treatments
were several. In the first place, it was considered that such
treatments might be used as an experimental technique to investigate
the inter-relationships of the animals in the environment under
'éxamination. Thus, by disrupting what has been called the
"quasi-equilibrium" of the population (Lotka 1925), it was thought
that some information might be obtained about the nature of the
factors responsible for maintaining this alleged state of fluctuating
balance.  I‘urthermore, undesirable changes in the composition
of animal communities have become increasingly common phenomena
following the increasing use of these persistent chlorinated
hydrocarbons, and the micro-arthropodan fauna of the éoil appeared
to present a convenient natural population in which these changes
could be investigated quantitatively. I"inally, it seemed that
additional data on the efficiency and duration of these substances
as destructive agents in soil would be of some falue in relation
to specific problems of pest control.

In its original conception the investigation did not include
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observations on the effects of cultivation. After preliminary
trials, however, it became.apparent that insecticides applied in
the form of surface dressings would not penetrate the soil in
sufficient gquantities to induce a statistically significant

- response in the underlying population, and so it was concluded
that the only practical way of ensuring an adequate response was
‘to incorporate the insecticides with the soil by cultivation.l'
It therefore bedame necessary to make a separate assessment of
the effécts of the cultivation required for the incorporation of
the chemicals; and, finally, with a view of throwing further
light on the influence of surface vegetation on the hypogeal
fauna, the experiment was extended to include a study of the
effect of fallowing.

The major part of this investigation was carried out By means
of a single large field trial, in which replicated plots were
subjected to the required treatments. Thus, the observations on
the fauna of the constituent plots were planned in relation to
the experiment as a whole, and were therefore to a certain degree
interdependent. However, as the work progressed, various
difficulties were encountered, so that some other modifications
of the original programme became necessary and the investigation
also/

1. During the course of the present investigation, and on other
occasions, the writer, using emulsion and suspension formulations
at various rates, failed to obtain an appreciable soil penetration
with surface applications of insecticides on grassland. In recent
trials, Dr. Grainger of Auchincruive, found that when solutions

of radioactive Iodine were applied to the surface of bare soil,

the element could not be subsequently detected below a depth of
. (Unpublished)



also acquired an increasing complexity, revealing aspects of
unforseen interest. Hence, in order to facilitate a clear
presentation of the results, it has been found desirable to-
divide the present paper into two méin parts:- Part I,
déaling with fhe popuiatién of thé ﬁndulfiﬁated éoillahd
Part II, with the effects of cultivation and insecticide
treatment. Bach part includes a review of relevant

literature and a discussion of results.



PART I

THE POPULATION OF THE UNCULTIVATED SOIL



I. INTRODUCTION

The importance of the soil fauna in relation to the
processes of organic decay, leading to the formation of
piant.nﬁtfiénts; can hardly belrefﬁtéd-aftér avcbnéiaefatidn‘
of the more elementary principles of ecology. Yet, the soil
Arthropoda which constitute a substantial proportion of this
coimunity, have been comparatively little studied; for,
apart from species of great economic significanoe as pests,
detailed ecological investigations of these animals are few
and of relatively recent origin. Nevertheless, the aspects
embrace@ by this field of study are‘so varied, that it is not
paradoxical to state that the relevant literature is extensivef
This is particularly so when investigations of forest soils and
litter are taken into account; for, not only are many species
comaon to organic and mineral habitats, the point of transition
from litter to soil is often difficult to determine.

Fenton (1947) and iurphy (1953) have reviewed the
literature on sgoil fauna with reference to the problems of forestry,
and a more general account is given‘by Kihnelt (1950). These
papers contain extensive bibliographies and the following review
of literature is therefore confined to a consideration of the more
important investiiations, and to those of outstanding significance

in relation to the present study.



A,

IT. REVIEW OF PREVIOUS WORK

Extraction ifethods

The progress of soil arthropod ecology has been closely
associated with the development of methods for separating
the animals from their environment;-for, with the introduction
of more efficient techaiques, greater populations were
encountered, and previously unknown fields of investigation
were revealed. This problem oif extraction is by no means

completely solved, since all the methods used hitherto have a

~nunber o: serious disadvantages. Before any conclusions can be

drawn from cuaperisons of the results of different workers, the
separation technigues used must be faken into account. The
methods of extraction hitherto introduced can be resolved into
three main categories:-

(1) pirect Sorting.

(2) Automatic Heat-Desiccation Funnels.

(3) rlotation.

.Direct Sorting.

This method was used by the earlier workefs, notably :lcAttee
(1907), Cameron (1913, 1917), and iorris (1920,1922a), and
merely consists of breaking down the soil agzregates by hand andl
pickxing out fhe enclosed animals., Ford (1935) also utilized this
mode of separation, but broke the soil down with stout needles
under water. Scme degree of improvement was introduced by

Lorris/



sorris (1922b), in as much as a preliminary separation was
obtained by washing the soil through a series of sieves of
decreasing mesh size; the fractioﬁs so obtained being
-subsequentlj examined in detail. - This latter technique was
used by ilorris in his later work (1927), and also by Thompson
(1924), and by Zawards [1929).

Although having the advantage of simplicity, such methods
are totally inadegquate for anything but large species. Apart
from considerations of accuracy, the labour involved is
prohibitive when large numbers of samples have to be examined
to fulfil the demands of statistical treatment.

2.Automatic Heat-Desiccation lfunnels.

The original desiccation :pparatus was devised by Berlese
(1905@» and consists of a funnel equipped with a hot water Jjacket,
the soll or litter being.supported on a sieve over the wide mouth.
The material is slowly dried out by the heat from the water jacket,
and, to escape heat and desiccation,the animals move down and
éventually drop through the sieve and funnel iﬁto a collecting
tube below. In a modification of this apparatus, Tullgren (1918)
dispensed with the water jacket and suspended an electric bulb
over the funnel as a source of heat, and here the light is alleged
to act as an additional stimulus to downward movement, most of the

“animals being negatively photo-tropic. Ford (1937) mounted
several Tullgren funnels together in batteries, and in this way
dealt with several small herbage samples, and Haarlev {1947)
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introduced further modifications, designed mainly to eliminate
condensaticn on the sides of the funnels, which, he maintained,
trapped the smaller animals.

This principle has also beeﬁ used in the "high gradient"
apﬁafafus de?iéed bj Macfadyen (1953). Here sampieg éré fakeh
in the field with stainless steel tubes, the upper ends of which
are covered by a metal gauze, and the tubes containing the samples
are'then inverted and placed in steep-sided funnels, heat being
derived from a resistance wire suspended above. The sample is
undisturbed and hence the original interstices of the habitat are
less likely to be obstructed; and, as the upper layers of soil
(which normally contain the greatest part of the population), are
placed downwards in the apparatus, the animals therein do not have
to move great distances to escape.

Extraction techniques utilizing these principles have been largely
used for investigétions of surface herbage, litter, and for soils |
with a high organic matter content; examples being the studies of
Tragdrdh (1929), Ford (1935, 1937, 1938), Forsslund (1944), Strenzke
(1949 and 1952), and iacfadyen (1952), although such methods have also
been utilized for mineral soil studies, (e.g. Frenzel 1936, and Weis
Fogh 1948), and for soils which could be considered to be intermediate
in character, (e.g. Strenzke, and Riha 1951).

The funnel methods have the obvious mefit of being automatic and,
by using a series of small units, can be adapted to deal with a
large number of separate samples for statistical studies. Further-
more, the animals are collected in good condition, - a point of great

importance/



importance when dealin: with groups of considerable taxoqomicx
difficulty. ilowever, a serious objection is thét the technique
is dependent upon the responses of species usually of great
physiolOgicél diversity, to the stimuli of heat and desiccation.
Thus, highly susceptible species and instars may succumb before

making their escape, and others, less susceptible, may fail to

respond adequately. Hence in quantitative studies, a bias may

3.

occur towards forms reacting favourably to the stimuli. This
difficulty is accentuated when the "heavier" uineral soils are the
subject of investigation, for such soils contain a high proportion
of small particles belonging to the clay fraction, and when dried
out, tend to set in a hard mass. Jacot (1936) pointed 6ut that

in these soils many animals might be trapped, and this was also the
experience of the writer during the course of the present
investigation, when funnel methods were utilized to obtain living
maferial for experimental purposes.

The studies of Tridgdrda (1933), Haarlev (1947) and ilacfadyen
(1953), in which measurements were made of the physical changes in
samples undergoingy desiccation, were largely directéd towards
eliminating these difficulties, but much research is still required
before the efficiency of these methods can be accurately assessed
for all groups in a range of soil types.

Flotation

In 1936, Ladell published an account of an apparatus designed

to extract soil animals by a process of flotation. This technique

consists of stirring the soil sample in a cylinder containing, as
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a non-toxic medium, a solution of magnesium sulphate of specific
gravity 1.11; and, at the saune time, a stream of air is bubbled
through thé suspension from below. The stirring and bubbling
breaks down the soil particles, and, after settling, the liberated
“animals float on the surface of the solution, fogefhér.with aﬂj |
orzganic debris present in the sample. Thereafter, by a process
of decantation, the animals and debris are collected on a filter
papef or sieve; further separation being achieved by examining the
"float" under a binocular microscope.

In its original form, Ladell's apparatus was used by Baweja
(1939), by Glasgow (1939), and by Jones (1939).

To facilitate their research on "wireworms", Salt and Hollick
(194)), designed an extraction apparatus, which, while dependent
upon the principles laid down by Lgdell, contained the following
new features:-

(2) The incorporation of a preliminary washing and sieving
process, by means of which the soil is reduced to a fine
state before flotation, stones and coarse plant material
are igolated, and a proportion of the unwanted finer soil

particles Jettisoned.

(b) The introduction of the benzol-wai;er method for the partial
excerption of the float. This technique consists of shaking
~ the float vigorously with a mixture of benzol and water in
a flask, and, since the.ArthrOpoavcuticle is wetted by the

benzol, and the plant material is not, the animals accumulate

above the vegetable material on the benzol-water interface.
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In order to drive down ag much of the plant debris as
possible, the pressure in the flask is then reduced by
means of a filter pump. In this way, the air is dfawn

out of the plant debris, and after restoring atmospheric
pressure, a proportion of this-material sinks. The upper
section of the liquid mixture is then transferred to a wide
vessel, and the interface is examined under a binocular
microscope mounted on a movable arm.

Designed for the extraction of Zlaterid larvae, the smallest
component sieve of the original apparatus had a square mesh of 0.2 mm.
However, Salt et al (1948) used this, and a modified type with a
C.1 mm, sieve, for a more general study of a Cémbridge pasture, and
encountered therein a total Arthropod population far heavier than had
pfeviously been recorded for any soil. This type of apparatus was
used by Strickland (1945) and by Salt (1952); a modified form being
also used in the present investigation.

ot being dependent upon the reaction of the animals to a given
stimulus, flotation methods tend to give a more complete and impartial
extraction, but, these methods are tedious and time-consuming. Thus
Salt (1952) recorded that the average time required to remove and
rouzhly classify the irthropoda from a single sample of mineral soil
(151 cu.ins.) was 3.3 man-days. In‘soiis containing a high organic
matter content this labour becomes prohibitiwe, as all the organic
material is carried over during flotation, and only a small proportion
is disposed of by the benzol-water process. for this reason, funnel

methods are to be preferred for such soils.
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General Surveys of Soil :licro-arthropoda.

It is difficult to state precisely who was responsible for
the initiation of ecological studies of soil Arthropoda.  lany
soil dwelling species were described by the early taxonomists,
Euf écbldgical field studies do not appear to have beeﬁ carried
out until the beginning of the present century when Diem (1903)
published records of invertebrates taken in various alpine and
sub-alpine plant associations. Linnaniemi (1907, 1912) dealt
with soil dwelling Collembola in the course of a general study of
that group in Finland, i well known early quantitative studj is
that of .lcittee (1907), who calculated an invertebrate population
of 13.6 million individuals per acre, for the surface soil of an
American meadow.

A series of British contributibns was initiated by the late
Dr. A.E. Cameron (1913, 1917) who, in four surveys of soils in
Lancashire and Cheshire, dealt principally with the larger species
(mainly Diptera amd Coleoptera), although some records of Collembola
are included. Similar surveys were made by Buckle (1921, 1923),
who concluded that the majority of soil insects occurred irrespective
of soil type and were not confined to any particular plant association.
iorris (1920), studied the hypogeal fauna of a Cheshire pasture
where he found that the heaviest populations occurred in the upper
layers of soil; and later, (1922a, 1927), he exaained the
invertebrates of arable land at Rothamsted, showing that, whilst
applications of dung induced an increase in both numbers of species

and individuals, the addition of artificial manures had no apparent

effect/



ef'fect.

At Aberystwyth, the soil fauna of a number of fields, mainly
pastoral, was studied by Thompson (1924) and Zdwards (1929);
whilst Ford (1935) investigated the subterranean population of
- a meadow near Cxford,  Although differing in many details, the -
coammunities of these areas were shown to have a number of common
features; notably the concentration of the fauna in the upper soil,
the dominance of the Arthropodan coumunity by Collembola and the
cccurrence of a scasonal fluctuation, due mainly to the latter
group, in which the population rose to a maximum during autumn
or early winter.

Using Ladell's apparatus at Rothamsted, Baweja (1939) studied
the reéolonization of partially sterilized soil, therewith demonstrating
a rapid return of animals, accompanied by a subsequent in;rease in
the population to a level nearly twiée that of the unsterilized soil.
Jones (1939) also used this technique for a short survey of garden |
soil at “berystwyth. Salt and his colleagues (1948) exainined the
Arthropod population of a Cambridze pasture; and,in November, 1946,

" recorded a population equivalent to 1068.8 million individuals per
acre for the upper 12" of this soil, Acari being the most numerous
single order. The most recent accounts of British work are those
of acfa yen (1952), andziufphy (1953). The former worker
examnined the micro-arthropod community of the Cothill fen,
Cxfordsnire, and here again fLcari were found to be dominant. He
concluded that whilst the quality of the surface vegetation could
determine the density of the population, it had little effect upon

its/



its species composition. ilurphy included a number of original
observations on the fauna of heathland habitats, in an interesting
review.

In continental Xurope, and especially in Scandinavia,
investigators have paild particular attention to the iauna of
litter, and to the pooulations oi organic soils in Torests and
heaths. "his tradition can be traced to the classic work of ..uller
(1679, 16Ck4) on the nature and formation of forest humus, (iull and
.or), in which the importance of earthworm activity was emphasized.
Anongst the more comprehensive Scandinavian surveys of such habitats
are those of Tragirdh (1929), Bornebusch (1930), and Forsslund
(1944) ; whilst in ilolland, the fauna of a beechwood floor was
examined by Van der Drift (1951). i number of these investigators
have also included biomass calculations, whereoy the weight or
volume of the animals in the habitat was‘estimated, noteworthy in
this respect being the studies of Iornebusch and Van der Drift, although
it should also be noted that similar estimates were made by ilacfadyen
in his Cothill study.

~lthough less numerous, accounts of populations from continental
solils predoaninantly mineral in character, include a number of
important contributions. i'renzel (1936) surveyed six meadows seclected
to.represent upland and lowland hebitats in Silesia, and found that
the population in these areas had muc@ in common with those previously
reported from British habitats, notable similarities being the
nu.erical iaportance of Acdri and Collembola, the occurrence of marked
seasonal fluctuations in the populations of the latter group, and

the/
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the uneven vertical distribution of the fauna. | He also noted
that whilst many genera and species were restricted in their
distribution, othefs occvrréd in all the habitats studied, and
these ecologically plastic forms were designated "Leitformen

des Wieserbodens". In Demmark, Weis Fogh (1948) examined the

| ﬁoﬁulé.tioh ‘of. the 1ight-sbii of lgras‘.s];ar‘xd }on é I;ai.sed ;beac-h.r |
Establishing 7 sampling stations along a 12 metre line, he
described the edaphic factors which obtained in each station, amd
was able to distinguish 2 distinct microarthropod communities;

the difference in composition being apparently correlated with
moisture conditionse More recently, (1953), Weis Fogh collaborated
with Haarlev to devise an ingenious method of studying the soil
animals in situs This technique consists of deep freezing a

soil core immediately after sampling, and, by thawing sub=-samples
in formalin vapour, the animals are killed and fixed in their vital
position. The sub-samples are then submerged in agar, and, after
setting, are sectioned. By means of this technique these workers
obtained a series of remarkable photeographs, including a clear
demonstration of species - aggregation in the soil micro-caverns,
and an illustration of the debris burrowing activities of a
Phthiracarid mite,

To conclude this résumé, it is appropriate to mention the more
important surveys undertaken in regions further afield. In Greenland, |
a number of habitats have been examined by Haarlev (1942), and by
Hammer (née Jergensen 1934, 1944). The latter workef also studied
the Oribatid mites in Arctic Canada (1952). Tropical soils have also

received/



received some attention, notably in Fanama, by Williams (1941);
in Trinidad, by Strickland (1945, 1947), and in Hast Africa, by‘
salt (1952). Finally, amongst American papers, the best known
are those of Jacot (e.g. 1936, 1940), dealing mainly with forest

sbiis; but neVefthelesé, of greaf genefal interest.

The Biology of Collembola and Acari

With the exception of some early investigations based on
direct sorting methqu, the general surveys mentioned above have
all emphasised the numerical importance of Collembola and fcari
as constituents of the Arthropod community in organic and mineral
soils.

The population encountered at Glas;zow was no exception in this
respect, and detailed study was tnerefore confined to these two
groups. It is desirable therefore to consider the present state
of biological knowledge ol these animals, and although detailed
ecological investisations are few, much relevant inforaation can bg
gleaned from a scattered literature. In the following synopsis,

thnis information is collated under three headings:- (1) Nature

" and Length of Life Cycles. (2) Food Habits, and (3) Environmental

Relationships. Owing to their great diversity, the major Acarine

zroups are dealt with separately.

Collembola

(a) Nature and Length of Life Cycle

The only detailed observations on an Arthropleon (to which

sub-order/



sub-order the majority of soil dwelling species belong), appear

to be those of Ripper (1930) on Hypogastrura armata (Nic.), - a

common mushroom pest. The eggs, laid in batches of up to 30,
hatched in about 3 weeks at 17°C, and the nymphs attained maturity
in 5 - 7 weeks. ifoulting occurred at approximately weekly
intervals throughout life, which lasted from 5 -~ 10 months.
Bruschek (unpublished, quoted by Kdhnelt, 1950) noted that the

complete life cycle of Onychiurus armatus Tull. occupied 45 days

at "room" temperature.

(b) Food Habits.
 Detailed specific observations are few, but Judging from the
generalizations in the literature it would appear that the diet
of soll dwelling species is not restricted, but includes plant
residues, fungi, algae, and animal remains; while predation is not
unknown. A selection of observations from the literature is
presented in Table I.

(¢) Environmental Relations.

Ecoiogical studies have shown that the most important
single physical factor governing the distribution‘of these insects
is relative hunidity.  Although dealing with surface dwelling
species, the laboratory studies of Davies (1928) are worthy of note,
for he recorded that, at 25°C, saturated conditions were necessary
for the survival of all the species examined, and evidence of a
similar nature was obtained by :acLagan (1932) for Sminthurus
viridis(L). In a field study of 4 subterranean species at Slough,

Glasgow/



TABLE 1.

TH* FOOD HABITS OF COLLFELIBOLA

Species
"Many .species"

Isotoma sepulcralis Fol.

Friesg#a sublimis liacn.

Isotoma macnamarail Fol.

Hypogastrure armata Nic.

Litter dwelling species.

Soil dwelling species.

do

ngchiurus
armatus Tull.

Food  huthority
Fungal mycelia and spores Macnamara (1924).
Corpses (Human) do.

Cannibal do.
Achorutes socialis Uzel do.
Fungi (Mushroom) Ripper (1930).

Plant residues, (Hornbeam Schaller (1949b).
leaf figured).

Soil mixed with organic  Gisin (1947).
matter found in gut.

Plant residues, fungal

mycelia and spores, pollen Handschin (1929).
algae, other Collembola, Kithnelt (1950)
insect remains.

Preference for fungal ihnelt (1950).
diet.




Glasgow (1939) found that while other factors might also be
influential, the horizontal -and seasonal distribution of the
animals éppeared to be largely determined by moisture conditions,
and the general importance of this factor is also apparent in the
results of the field surveys and laboratory preferenda experiments
of Agrell (1941) and Schaller (1949a,1951).

The work of Gisin (1943) requires more detailed consideration,
for it provides the foundation of an ecological system, the
principles of which have already been extended to other soil
dwelling groups. He pointed out that certain structural features
of Collembola were closely and consistently related to their choice
of habitat, and adapting a terminology originally used by .irausse
(1928), he drew up the following morpho-ecological classification:-

l.Atmobiotic forms

Figmented species, with 8 + 8 large ocelli, antennae very long
and furca well developed. Habitat:- Surface herbage (ilacrophytes).

2.Hemiedaphic forms

Pigmented species, eyes less well developed and antennae shorter.

(a) Hydrophilous forms

Mucro with broad lamellae.
Habitat - Surface of water.

(b) Mesophilous forms

Tibio-tarsal hairs pointed or clubbed.

(dabitat - surface of soil and in litter

(c)/
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(¢) Xerophilous forms

tlainly with clubbed hairs.

Habitat - under bark, in lichens, and in moss in dry
situations.

3.Luedaphic forms

White speciles, eyes reduced or absent, short antennae,

furca reduced or absent.

Habitat - The deeper soil layers.

For each of the major categories noted above, Gisin described
a number of distinct comnunities, which he encountered in the
Basle area, and these comnunities were referred to as synusiae, -
a termn originally used by plant ecologists - , each one being
namned according to the dominant species. IHe defined a synusia as
follows:- A synusia is a distinct community (union) of organisms,
the character of which is determined by the smallest section of the
environment, the latter being referred to as the habitat. In
erecting these synusiae, Gisin was not so much governed by the
nature of the habitat, as by the characters of the comnunities
themselves, and, as eis Fogh (1948) has pointed out, the synusiae
were thus erected on a purely physiognomical basis. ITevertheless,
he was able to demonstrate certain broad relationships between
the various synusiae and edaphic conditions and plant associations.
Wot oaly caa it be said that this synthesis has rationalized the
ecology of these insecté, its potential value in relation to
other groups appears to be considerable. This discipline was

followed by Strenzke (1949) in his description of the Collembolan
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comaunities of soil (mainly‘wet) in the Plon area, and the same
worker extended its avnplication to Oribatei (1952).

Acari (Cryptostigmata), Oribatei.

(a) Nature and Duration of Life Cycle.

These are usually the most abundant soil mites, and according
to 'lichael (1684, 1888), and Willman (1931), their life histories
have the followinz sequence:- egg, larva (6 legged), proténymph,
deutonymph, tritonymph, adult. Cleat (1952) observed that in

Scheloribates laevipatus loch, each post-embryonic stage had a

developmental phase and a mobile growing phase. The duration of
the life cycle appears to be comparatively long, for Michael (188L4)

reported that many species took a year or more to attain maturity,

and Cleat, who reared 125 individuals of S. laevigatus, noted that

the shortest duration of pre-adult life in this species was 45 days,
and the longest 115 days; the animals being kept in a saturated
atmosphere at 25°C.

(b) Food Habits.

In general their diet appears to be rather similar to that of

Collembola. A selection of observations is presented in Table 2.

(e)/



Table 2.

THE FOOD HABITS Or ORIBATEL

Snecies Food
Oribatei, species Vegetable material, including
unspecified mosses lichens, fungi,

decaying wood and litter,.

do Algae, fungi, and protozoa
Ftyctima, species Roots, fungi, nymphs burrow
unspecified conifer litter,

5 species investigated Fungl and decaying wood.
17 species investigated Broadleaf litter, and fungi.

Oribatei, species lloss, filterpaper, and
unspecified probably animal remains.

12 gpecies investigated Fungi, litter, decayed'wood
and animal remains.

Scheloribates Moss and chicken faeces
laevigatus ioch

Phthiracaridae spp. Conifer litter

do Beech litter

Authority
[{ichael (1884).

Sig Thor (1931).
Jacot (1936,1939).

Forsslund (1938).
Noordam et al (1943)

Rayski (1945).
Riha (1951).

Cleat (1952).

lurphy (1953).

Evans(unpublished).



{¢) #Havironmental Relations

The (Oribatid populations of a brown earth and a rendzina
soil in the Vienna woods were investigated by Riha (1951), the
field observations being supported by laboratory studies. She
obsefvéd that fhé miteé favouredAhumid éoﬁditioﬁs, élfhﬁuéh‘their
resistance to degiccation varied according to the species. It
was also noted that the population of the immature stages of many
species in soil was remarkably low, and it was suggested that,
in the species concerned, pre-adult life was spent in other
habitatg = a supposition supported by records of imnature stages
from dead wood, below bark, and from litter. It was further
submitted that two of the seasonal minima in the soil adult
population might be connected with their propagation rhythm and
occasioned by a migration of adults to the juvenile habitats for
copulation and ezg iaying.

In a study of the Plén area, Strenzke (1952) described 6

major Oribatid Synusiae together with their variants, and concluded
that the vast majority of these mites were mesophilous hemiedaphons;
very few species being truly subterranean i.e. euedaphons. In a
section on Ecological Valency, he uses a rather complex terminology
to to describe the tolerance or plasticity of the species encountered
in relation to five edaphic féctors, viz. moisture; organic matter
content, litter cover, pH and salt content. Tor each of these he
established a high (poly), medium (meso), and a low (oligo) category,
and, according to their plasticity, the species were then classified

as/



as follows:- Stenonlagtic species. Forms with a restricted

range; the limiting values of their optimum requirements lying

close together.

. Buryplastic species. Less restricted; the limiting values of

their optimuwn requirements being wide, but sufficiently close to
facilitate classification.

Bu-euryplastic species. Infrequent forms, the limiting values

of their requirements being so wide that their preferenda for any
particular ran:e could not be determined.

Thus, Minunthozétes semirufus Koch, is described as being

polyeuryhysre - esoeuryione, which translated, iumplies that this

species favours a high moisture content, and medium pH, but, being
euryplastic, is not confined to such soils. 7/hile Strenzke's
paper undoubtedly constitutes a major contribution, the use of
these complex terms might be considered undesirable, and, although
the data were obtained by arbitary scoring methods, a more precise

assessment of ecological valency might have been achieved by using

a system of indices.

Acari, (Cryptostigmata), Acariqée

(a) Kature and Duration of Life Cycle.

The old, and since replaced, fanily name Tyroglyphidae, is

often used collectively for the free living members of this cohort,
and, according to liichael (1901, 1903), and Hughes (1948), these

aites have three post-embryonic immature instars, viz. a hexapod
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larva, and 2 nymphal stages. Sometimes, and only in some species,
an additional instar may be inserted between the proto, and
deutonymph stages; this is the so called hypopus, and may be inert,
or active according to the species. The inert phase appears to

be a resistant Stagé,'whilst'the active hxéoéué is.pfoéided Wifh‘
adhesive sucxers, and so functions as a migratorial phase, assisting
in the dispersal of the species. Their life histories are of
comparatively short duration, and, as an examnple, Baker énd VWharton

(1952) quote Garman, who observed that the 1life cycle of Rhizoglyphus

echinopus (F. and 1i.) was completed in 9-13 days at 70° - 80°F,
and in 17-27 days at 60° - 650%.

(b) Food Habits.

he observations reproduced in Table 3 have been gelected as

being relevant to the present study.



Table 3.

THIS FOOD HABITS OF ACARIDIAE

Species
Rhizoglyphus

echinopus.(F. and R.)

Coelognathus

castellanii(first.)

Acarus
siro L.

Glycyphagus
destructor(Schrank. )

Food

Products of the bacterial
decomposition of cellulose

Stored food material with
a high fat and protein
content,e.g. linseed dried
egg, fish meal, cheese etc.
and also cereals.

Farinaceous substances, and
other dried vegetable
products.

Commonly found in association
with A. siro.

Authority
Franz (1943).

Hughes (1948).

Hughes (1948).

Hughes (1948).



(¢) knvironmental Relationships.

Apart from R. echinopus - the familiar bulb mite, the

Acarids are not usually associated with soil, but are more familiar

as pests of stored products. However, Weis rogh (1948 found

these species in his samples, and they were found in litter by Van
der Drift (1951); while Evans (private communication) has also
encountered them in collections of soil Acari.

Their moisture requirements vary; in particular, Nesbitt (1945)
observed that members of the sub-family Acarinae Nesbitt, preferred

to live in substances with a low moisture content (20 - 30%), and

were coamonly found in farinaceous and other dried vegetable products,

whilst members of the sub-family khizoglyphinae, Zachvatin, could

only exist under very humid conditions, many seeming to live in a
film of water.

Acari, ilesostigmata

(a) Nature and Duration of Life Cycles.

'TWO Mesostigmatic cohorts, viz. Gamasina, and Uropodina, were
encountered in the Glasgow soil, and according to Vitzthum (1941)
the hexapod larval stage of these mites is followed by two nymphal
instars. In some Gamasina the deutonymph functions as a migratory

stage, and uses its legs to cling to the bodies of other animals;

these are the nympha coleoptrata so called because of their frequency

on beetles. ligratory nymphs (nympha pedunculata) may also be

encountered in the Uropodina, but here attachment is effected by
means of a pedicel formed by the hardened secretion of anal glands.

{licnael/



5./

Hichael {1881) observed that development of Parasitus coleoptratum(L)

and Pergzamasus crassipes(L) (Gamasina, Parasitidae), from newly

laid ezgs to the adult stage, occupied about 21 and 24 days
respectively, while the observations of Cummings (1898) on

Iseudouropoda obscura (Koch) suggest that the life cycle of this

species 1s of similar duration.

(b) Food Habits.

In the case of Gamasina, the observations reproduced in
Table 4 deal mainly with the larger species, and virtually no
information appears to be available on the smaller species. llost

of the known predacious llesostigmata are comparatively large, active,

and heavily chitinized, and are located amongst the Gamasina, and

particularly in the family Parasitidae. The Uropodina include the

more sedentary forms, and these appear to be mainly saprophagous or
mycetophagous.

(¢) Environmental Relations.

So very little is known of the ecology of the soil dwelling

iiesostignata,that little relevant information can be added to that

already given above, The larger Gamasina have been obsgerved to
occur mostly in the upper soil layers (Weis Fogh,l948) whilst

iWillman's observations on the Rhodacaridae (1935, 1936) suzgest that

some of these delicate forms prefer the deeper soil. Wals Fogh
observed that very little seasonal fluctuation occurred in the

iiesostigmatic population of his ecological study.
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Table 4.
TH: 00D HABITS OF ITISOSTIGEIATA

Species Food. Authority
GAMASINA

Pergamasus
crassivpes(L)
and "Cheese mites" liichael (1881).
" Parasitus ' ' o
coleoptratum(L)

Many species Myrmecophilous ‘ Berlese (1903b).
(details given)

Larger Gamasina Predacious; feeding on llematoda, Weis Fogh (1948).
species, Enchytraeidae, and small Arthropoda.
"Many species" Predacious, but also facultative Kithmelt (1950).

carrion feeders consuming bodies
of larger insects arnd small

vertebrates.
llacrocheles Partly coprophasous, and Kihnelt (1950).
species, necrophagous.
UROPODINA
Many species Myrmecophilous Berlese (1903b),
(details given)
Pseudouropoda Bacteria and fungl growing Curmings (1898),
obscura (Koch) on decayed potato tuber,
Fuscuropoda Fungi. Kithnelt (1950).
marginata (Xoch)
Some species Coprophagous Kihnelt (1950).
Prodinychus soe Predacious, preying on slow Schindler
" moving Collembola. (Onychiurus (unpublished,
species included), quoted by

Kthnelt,1950).
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Acari, Prostigmata and Heterostigmata.

Mites belonging to these two groups - usually collectively

known as the Trombidiformes = were only taken in small numbers

from the Glasgow soil, and of these Pygmephorus Kramer species

(Byemotidae), and Cheyletus eruditus, Schrank, (Cheyletidae),

were the most abundant,
The Pyemotidae have reduced suctorial mouthparts, and this
family includes parasitic forms with complex life cycles. Banks

(1915) stated that Pygmephorus svecies had migratory instars;

specimens being found on a mole, a fly, and on a thrips, while
according to Vitzthum (1941) menbers of this gemus are predacious.

According to Hughes (1948), Cheyletus eruditus is a common

predator of Acarid mites in stored products, and she also noted
that the females were parthenogenetic; males being rare., Baker
and Wharton (1952) quote Ewing (1915) who investigated the life
cycle of a Cheyletus species, and found that a larva and two
nymphal instars were produced; the development from newly laid
eggs to the adult stage occupying about 22 days at laboratory

temperature,



ITI. DiSCRIPTION Or THE AREA EXALITNED

The fauna described below was extracted from the soil of
the_fqu; qnqultivated plpts in_the'randomised block experiment
described in detail in Part II. of this paper. These plots
represent the original condition of the area before the
experiment was laid down, and their position is shown in Fig.l,
while in the followin: account they are referred to as Plots
1l - 4 according to the number of the block in which they were
located.

The area studied was an old srass field, - about % acre in
extent, at Bellahouston Park, Glasgzow; this part was not used Dby
the public, and had been uncultivated for a period of 12 years.
revious to this it formed part of a nursery in which various
ornamental plants were raised. The experiment was laid down in
the Southern part of this field, and on this side the boundary
consisted of an iron fence beyond which, at a distance of about
5 yards, was a line of lime trees. These may have influenced the
faunistic composition of Plot I, as Block I was laid down parallel
to this line of trees at a distance of about 9 yards.

The soil was a heavy loam derived from a considerable depth of
glacial till overlying a region chown on a geological map as
consisting of carboniferous limestone. A botanical analysis of
the 4 plots is given in Table 5, and the results of a chemical

analysis are included in Table F. (Appendix II).
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Table 5.

THE BOTANICAL COMPOSITION OF THE UNCULTIVATED PLOTS

Percentage composition derived from an estimate of
the area occupied by the species in two 2 foot square
quadrats taken at random in each plot.October 1951.

plot 1. Plot 2.

Poa pratensis 55 Festuca rubra 55

Agrostis vulgaris 35 Agrostis vulgaris 10

'.I[iscellaneous herbs 10 Holcus mollis 5

Anthoxanthum odoratum 5

o 'Miscellaneous herbs 25

1Bellis perennisi=* Trifolium

repens, Cerastium vulgatum, 'Trifollum repeng* Bellis

Ranunculus repens. perennls, FPlantago lanceolata,

Hypochoeris radicata,Ranunculus
repens, Sagina procumbens.

Plot 3. Plot 4.
Agrostis vulgaris 60 Agrostis vulgaris 80
Holcus mollis 20 Anthoxanthum odoratum 15
Festuca rubra 10 Holcus mollis 5
I’ca pratensis 5 'iliscellaneous herbs - trace
Anthoxanthum odoratum - trace
'[Iiscellaneous herbs 5

*xxX

'Trifoliun repens, Ranunculus 'Ranunculus repens.
repens,* Bellis perennis,

Cerastium vulgatum, Sagina

procumbens.

x Indicates relative abundance.

In addition small amounts of moss was present in all plots, and
this was most abundant in Plot 1, where the macrophytlc vegetation
was thinner.
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IV. 1ETHODS Of STUDY

Seampling
1. Size of Sample.

.The choice of sample size must depend upon the size of the
animals studiéd; for a sample must be (a) sufficiently large to
preclude the occurrence of a large number of zero counts, and
(b) small enough to enable the assessment of an adequate number
of individual samples. During extensive work on Elaterid
larvae, Salt and Ilollick (194, 1946), and others, found that a
sample consisting of a cylinder of soil 4" in diameter, taken to
various depths, was adequate for a study of these forms. It was
the writers original intention to use samples of this size for
the present work, so that observations upon the larger Arthrogoda‘
could be included. After some preliminary work, however; it soon
became apparent that if a sample of this size was to be used, the
scope of the investigation would have to be greatly curtailed owing
to the tiuwe required for extraction and subsequent sorting.
Consequently, a smaller sample was used, and most of the work was
carried out with samples consisting of cylinders of soil 2" in
diameter which, with the exception of the samples of June, 1951,
were taken to a depth of 6". These samples (18.85 cu.ins.,308.93 ccs)
contained sufficient numbers of the smaller species but were
inadequate for the larger forms.

2.Numbers of Samples.

To determine the ideal number of samples required to assess the

population/




porulation of a given area it would be necessary to conduct
a preliminary experiment in order to compare the standard
errors of tne means of an increasing number of samples., In
this way, by taking into account increaéing accuracy and
increasing labour, the requisite number of samples could be
determined (vide Glasgow 1939).

in the present instance there seemed little point in sth an
experiment, as owing to the time taken for subsequent treatment
only two samples per plot could be dealt with. Originally it was
estimated that two samples per plot, each sub-divided to represent
the vertical strata O - 3", and 3 - 9", could be dealf with
adequately on each occasion. In this way four separate
extractions per plot were involved, and ninety-six separate
extractions on each occasion for the experiment as a whqle. After
processing this number of samples during the summer of 1951, it
became abundantly clear that this was too many to facilitate a
careful assessment of each sample; consequently, although two samples
were taken from each plot, on subsequent occasions they were taken
to one level only viz. O - 6",

3.S5ampling procedure.

The sampling implement consisted of a steel tube with an
internal diameter of 2". | A handle was fitted in the upper part
of this tube, and its lower end was sharpened, and the sample was
ejected by pressure from a brass disc attached to a rod operated
from the handle.

Bach sample was taken at random, but before taking the sample

the/
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the surface herbage was cut away. The implement was then
nlunged into the soil to the required depth and the sample ejected
into a metal container. The depth of the sample was judged by

the depth of the cavity left after its removal, and not by the

- length of the core; this was considered to be more satisfactory, .

as the implement had a compressing effect, so that the length of
the core was invariably less than the depth of the hole. Samples
so obtained were stored in a refrigerator at 59C until they were
put through the extraction process.

All the plots were sampled on the following dates:-
(1) 9th June, 1951 (Sampled at two levels). (2) 16th October, 1951.
(3} 1l4th December, 1951. (4) 20th February,1952. (5) 18th April,1952.
(6) 17th October, 1952. |
Extraction

The Arthropoda were exéracted by means of a modified form of
the apparatus described by Salt and Hollick (1944), and in greater
detail by Salt (1952), and the main components of the apparatus used
are illustrated in Ifig. 2.

The soil samples were first torn apart under water in a shallow
basin, and the resulting soil-water mixture was poured on to a
3 ma, mesh sieve fitted with a splash guard A. The mass was then
washed with jets of water through the sieve into container B.
The stones and coarse plant material retained in sieve A. were
repeatedly washed with jets of water, and before this material was
discarded, it was carefully examnined for large species. lieanwhile,

the overflow from B was passed over the 1lip on to sieve C which

had/
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had a regular sguare mesh of 0.152 mm., (100 mesh sieve, British
Standard Specification), and, after this initial washing pracess,
the whole of the contents of B were poured oﬁ to C; the soii
adhering to the sides and base of the container being washed over
with jets of water. The material in sieve § was then allowed

to drain, after which its contents were washed witﬁvé solution of
magnesium sulphate into flotation vessel D, the upper end of which
had a lip, and its lqwer opening a rubber stopper carrying a brass
tube. The opening of this tube into the vessel was covered by a
piece of bolting silk.

The soil in vessel D was then flooded with magnesium sulphate
solution of specific gravity 1.2, and a stream of air, derived from
an electric blower, was passed in through the brass tube,‘and
bubbled through the solution., To bring the whole mixture into
contact with the air, it was continuously stirred, and, in this way,
the soil particles were kept in suspension and the adhering organic
matter freed. After five minutes the stirring and bubbling was
stopped, and more solution was added to bring the level of the liquid
u» to the lip. The suspension was then allowed to settle, and, by
slowly siphoning more solution into the vessel, the floating material
was made to pass over the lip on to sieve C. The mixture was
stirred again to ensure that no further material was trapped by the
soil, and the decantation was repeated. The contents of vessel D
were then run off through the base into a bin, and, after settling,
the solution was salvaged for later samples.

The 'float' so obtained was washed gently with water and

transferred/



transferred to a flask containing about 50 ml. of benzol and

a smnall quantity of water. Complete transference was obtained
by using a wash bottle. The flask was violently shaken for

about 2 minutes, after which the contents were washed into a
Buchner flask and the pressure therein reduced for about 5 minutes
by means of a filter pump. The next stage of the process was
accomplished by means of a large glass funnel, the stem of which
was extended by a short rubber tube fitted with a pinch cock.

The stemn and lower part of the cone were firgt filled with water,
and the material from the Buchner flesk was poured in; the level
of the liquid being brought up to within about an inch of the rim
by adding water. The material in the funnel was allowed to settle,
and a proportion of the debris dropped into the stem from where

it was run off. The level of the liquid was again made up and
the process repeated until all the heavier material had been
separated. The debris thus taken from the funnel was examined with
a hand lens before being finally discarded, while the remaining
contents of the funnel were returned to sieve C. The benzol was
washed off with alcohol, and the material washed with a jet of
7050 alcohol into a beaker and subsequently stored in a specimen
“tube. On each occasion, all the samples were first processed to
this stage; the preserved material, consisting of a mixture of
Arthropoda and varying amounts of organic debris, being sorted at

a later date.

The process described above, whilst similar to the method

devised by Salt and Hollick, nevertheless differed in certain details.

In/



In the original apparatus the components were so arranged that

the transference of the material from container B to the flotation
vessel D, was accomplished by tilting the former, and the flotation
vessel was equipped with a 0.2 mm, sieve at the juhction of its
conical and cylindrical portions; the small Arthropoda being
collected by filtering the material passing through this sieve

with bolting silk.

Initial trials were made with an arrangement of sieves similar
to that of the original apparatus, but for a number of reasons this
was found to be impracticable. In the first place, the physical
characters of the soil studied were such that persistent choking
of the bolting silk filter occurred; this made the process extremely
slow, and an adequate number of samples could not have been dealt
with had this filter been retained. Furthermore, a soil laboratory
with a floor drain was not available, and the amount of flooding
which could be tolerated was limited. Hence the initial washing
process into B, and the collection of soil on the 100 mesh sieve
were carried out in a sink; allowing the surplus watér to pass into
the drain. The sieve and its contained soil was then carried over
to tﬂe flotation vessel, and, to avoid choking the 100 mesh sieve,
this transference was done in two or more stazes. TFinally, the
funnel sepération method was devised so that the material could be
preserved; thus the processing of a series of samples did not have
to be interrupted by periods of microscopic examination and counting.

The main difference, and probably the only one influencing the
thoroughness of the extraction, was the substitution of the 0.152 mn.
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sieve for the bolting silk filter of the original apparatus.

Tne modified apparatus therefore could not be expected to give

as high a rate of extraction as the original, because a proportion
of the very small species could pass through the sieve,
Nevertheless, the extraction rate was considered adequate for a
comparative study of this kind; and it will be seen from the data
that the populations discovered were greater than those reported

by many other workers.

Sorting and Identification

The sorting and identification of gpecies in the preserved
mixture of Arthropoda and organic debris was accomplished in
several stages. "irstly, smail portions of the mixture were
placed in a 2" diameter Petri dish, the bottom of which was marked
into segments, and a systematic gearch of each segment was made
under a binocular microscope, using first a black background, and
then a white; the animals being removed with a fine pipette.

At the same time a preliminary classification into sub-orderé was
made, and a complete removal was considered to have been accomplished
when the examination of a complete circuit of the dish yielded no
further specimens. This process was repeéted until the entire
sample had been scrutinized.

At this stage another difficulty became apparent. A number
of empty "shells" of Oribatid mites were encountered, and these.
specimens clearly represeated animals which had been dead for a
considerable period, for the soft parts were absent; and, in the

case/



case of some of the larger specimens, soil particles were found
within the exo-skeleton. It was decided not to include obviously
long dead animals in the counts.

The dominant species, and others of outstanding interest,
were then identified. Some of the larger species could be named
without much difficulty, and these were picked out first. The
next group to be dealt witb were those which could be named in

temporary microscopic preparations, notably the Tullberginae and

the smaller Uribatei. Finally, the more difficult species and
specimens were mounted in polyvinyl alcohol af'ter pre-treatment

(if necessary) with lactic acid.

Laboratory Observations

Periodigally, livingz material was extracted by desiccation
methods, the animals being subsequently kept on moist filter paper
in Petri dishes, and examined with a view of obtaining information
on their feeding habits. Although the importance of data of this
xind is not minimized, this work was not a primary consideration
of the present study. Hence although some interesting information
was obtained, this aspect was not.pursued in great detail, .for

the difficulties of culturing the animals are such that studies of

this kind require the undivided attention of the investigator.
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V. QUALITATIVE RESULTS

A A Systematic List of Groups and Species Encountered

PROTURA sp.

COLLE4BOLA
lieelidae sp.
Sminthuridae spp.
Hypogzastruridae
Hypooastrurinae
Hypogastrura cf denticulata Bagnall, 1941, sensu Gisin, 1949.
lieanurinae
Brachystomella parvula (Schaffer, 1896)
Wriesea mirablis {Tullberg, 1871)
Onychiurinae
Onyciniurus uliginatus Gisin, 1952
Unychiurus spinularius Gisin,1952
Tullberzinae
Tullber;zia krausbaueri (Boerner, 1901)
Tullberzia quadrispina (Boerner, 1901)
Tullbergia crassicuspis Gisin, 194

Isotonidae
Isotominae
Isotoma viridis Bourlet, 1839
Anurophorinae
Isotomodes productus (Axelson, 1906)
Proisotominae
folsomia candida Willem, 1902
Folsomia c.f, garretti Bagnall, 1939
Folsomia gquadrioculata (Tullberg, 1871)

.lydoniidae
siydoniinae
Lepidocyrtus cyaneus (Tullberg, 1871)

Collembola spp. undet.
PSOCUPTERA sp.

THYSANOPTLRA
Thripidae
Aptinothrips rufus (Gmelin, 1789)
Thripidae spp. undet.
Phaleothripidae sp.
HOUIIPTHRA
Aphididae spp.
Hemiptera spp. undet.
COLECETIRA




COLEOPTLRA

Carabidae

Clivina fossor (Linnaeus, 1758)
Staphylinidae

Homalota sp.

Tachyporinae gp.

Staphylinidae spp. undet.
Lathriidae

Corticaria fulva Comolli, 1837
Chrysomelidae

Longitarsus sp.
Curculionidae

Sitona sp.

- DIPPERA

ORTHORRHAFIA

Tipulidae sp.
retauristidae spp.
Tendipedidae spp.
Fungivoridae spp.

CYCLORKHALHA spp.

PROGONEATA
FPAUROZPODA sp.
DIPLOPODA sp.
SYJPHYLA sp.

OPISTHOGONEATA

CHILOSODA sp.
ARACHNIDA

ARANEIDA spp.
TARDIGRADA sp.
ACARI.
CRYPTOSTIG:ATA
ORIBATEL
Eulohmanniidae
“ulohmannia ribagai Berlese, 1910
Eypochthoniidae
Hypochthonius rufulus (llichael, 188l.)
Jotaspidae /
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Notaspidae :
Ceratozetes gracilis (iiichael, 188L) -
ichipteria coleoptrata (Linnaeus, 1758)
Buzetes globulus (ilicolet, 1855) :
Punctoribates punctum (Koch, 1840)
Punctoribates (.inunthozetes) semirufus (Koch, 1840)
Eremaeidae
Oppia clavipectinata Emichael, 18853
Oribella lanceolata (ilichael, 1885
Oribella paolii Cudemans 1913
Carabodidae
Scutovertex sculptus lLiichael, 1879
Fhthiracaridae
Phthiracarus anonymun Grandjean, 1934.
Oribatei spp. undet.

ACARIDIAE
Acaridae
Acarus siro Linnaeus, 1758.
Coelognathus castellanii (Hirst, 1912)
Rhizoglyphus echinopus (Fumouze and Robin, 1868)
Glycyphazidae
Glycyphagus destructor (Schrank, 1781)

MESOSTIGIATA
GA{ASINA
Rhodacaridae
Rhodacarus roseus Oudemans, 1902
Rhodacarellus epyginialis sp.n.
Veigaidae
Veigaia nemorensis (Koch, 1839)
Parasitidae
Pergamasus runciger Berlese, 1904
Pergamasus misellus Berlese, 1904
Macrochelidae
ilacrocheles sp.
Pachylaelaptidae
rachylaelaps sp.
Ascaldae
Digamasellus reticulatus sp.n.
J,aelaptidae
Arctoseius cetratus (Sellnick, 1940)
hrctoseiopsis minutus (Halbert, 1915)
Alliphis halleri (Canestrini, 1881)
Cosmolaelaps claviger (Berlese, 1883)
Lasioseius penicilliger (Berlese, 1917)
rlatyseius Bp.n. Evans, (unpublished)
dypoaspis aculeifer (Canestrini, 188L4)
Bviphis ostrinus (Koch, 1936)
gamasina spp. undet,

URCZODINA




Dinychidae
Dinychus tetraphyllus Berlese 1903
Trachyurovodidae
Olodiscus minima (Kramer, 1882)
Uropodina spp. undet.

HIETEROSTIGIATA
Pxemotidae

cysmeonhorus sp.

PROSTIGIATA
Cheyletidae
Cheyletus eruditus (Schrank, 1781)
Acari spp. undet.




B.

Notes on Some of the Collembola and Acari Encountered

l.Collembole

(a) Luedaphic Species

Tullbergia krausbaueri (Boerner)

This species, which wasg the dominant Collembolan, has an
extensive geographical distribution, having been recorded from New
Zealand (iomersley, 1936) and Greenland (Hammer, 1944). In
Europe, Gisin (1943) reported it to be comnon in meadow and woodland
soils in the 3asle area, under both basic and acidic conditions.

It was bne o. Frenzel's Leitformen, and it has also been widely
recorded from British soils, the reports including those from Slough
(Glasgow, 1939), Casbridge (Salt, et.al.1l948), Cothill (i~1a§fadyen,l952)
and from Snowdonia (Davies,1934). The writer has also found this
species to be widely distributed in both upland and lowland soils in
the West of Scotland.

T. krausbaueri was found difficult to keep alive in the laboratory,

for the animals were extremely susceptible to desiccation, and when
kept on moist filter paper in petri dishes, small falls in temperature
resulted in a condengation leading to the formation of small droplets
of water on the bodies of the animals., ‘hen this occurred, the
animals became moribund within a short time. They appeared to feed
on filter paper, and, when individuals with colourless gut contents
were placed on black filter paper, within about two days it was

noted that their gut contents were distinctly black. ¥When confined
with fragments o mushroom, they appeared to feed, but it was not

possible/



possible to be certain of this. They were attracted by pieces

of decaying potatn tuber, and seemed to feed actively on this material.
When the tuber fragments were stained with Neutral ked, the stain
was taken up by the animals, and, within about 24 hours, they were
deep red in colour, the stain having penetrated the whole body.
Similar results were obtained with boiled potato, but with mushroom,
and slices of fresh potato tuber, although some dye was taken up, the
animals were not so intensely stained, It should be pointed out,
however, that the evidence thus obtained is by no means conclusive,
for the stain, being water soluble, could have been taken up from

the moisture on the surface of the suspected food,

Tullbergia quadrispina (Boerner)

Gisin (1943) noted that this species, although common in woodland
and meadow soil in Hurope, was rigidly bound to a very narrow range
of humidity conditions. Glasgow (1939), however, found this to be
the only species he studied which showed no correlation with soil
moisture, although the very narrowness of its humidity requirements may
well have been responsible for the absence of a significant relationship
with the moisture gradients used in this study; in fact, he points out
that one cannot affirm that its populations are indifferent to moisture,
but one can say that its moisture relationships are differént to

those of Onychiurus armatuse Gisin described a T. quadrispina

synusia which he found to occur in fresh grassland (‘'Frischmatten')
in the Basle district; and, in connection with this it is

interesting to note that the writer found T. quadrispina to be the

dominant Collembolan in the soil (light loam) of a newly sown lawn

at/



at Kilcreggan, Junbartonshire. In the Glaszow soil it occcurred
only in small numbers; but it appears to be widely distributed

in Britain; records include those from Rothamsted (Llorris, 1922a),
Aberystwyth (Thompson, 1924) and Oxford (Ford, 1935).

Tullbergia crassicuspis Gisin

The only publisned record of this form appears to be that of
Gisin (1943) who recorded it from the Basle area; the species being
subsequently described from this material (Gisin, 1944). It is
interesting to note that Gisin found it to be common in a dry pasture,
and also in a meadow in clay soil at an altitude of 1000 m. in the
Basle district, for it has been previously noted that the Glas;ow
soil was of a gomewhat heavy nafure. Although not nuinerous in the
uncultivated plots, it occurred in considerable numbers iﬁ some of
the cultivated plots of the same experiment»(vide Part II. of this
paper),but a fairly extensive search (by flotation) of other soils
in the West of Scotland failed to reveal any further specimens.

It seems worthy of record, however, that this species was found
particularly difficult to extract by desiccation methods, and this
circumstance nmight well be partly responsible for its apparent
regtricted occurrence in Britain. Synthesizing from the points

noted above it seems possible that this species replaces T.quadrispina

in heavier soils, and its apparent preference for drier conditions
would indicate that it should occur in newly sown grassland on
heavy soil.

cnychiurus ulizinatus Gisin

This species is one of the products of the recent sub-division

of/
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of Onychiurus armatus of authors, by Gisin (1952). He noted

its occurrence in damp soil in a nurber of situations (Alder
woods, swamps, and caves) in Switzerland.

Onychiurus sninularius Gisin

Gisin (1952) collected this species from damp soil in woodland
in the Geneva districte
Onychiurus species were kept in the laboratory, and their food

habits were observed to be similar to those noted for T.krausbauverie.

They became intensely stained when confined with dyed decaying
potato tuber, and dyed boiled potato, but only lightly stained

when kept with dyed mushroom and dyed slices of fresh tubers. In
one culture it was estimated that 20 adults, or near adults s consumed
about 2 gus. of moist decaying tuber in 4 weeks., liggs were found
in this culture; +these were laid singly, or in groups of up 'Eo four,
and hatched in 2,-28 days at 17-199C, The resultant nymphs did

not survive to become adults.

Polsomia candida. Willem

Synonyms - F. distincta, Bagnall (1939, and F. Kingii Bagnall (1939).

Once considered to be synonymous with F. fimeteria (L) the

validity of this species was re-established by Stach (1947).

Bagnall (1939) records for it a wide British distribution including
the West of Scotlarxi from whence the type material of P. Kingii
originated. Gisin (1943) reported it to be common in lowland meadow

soil in the Basle area, (as F. distincta), and Stach reported a wide

Polish distribution.

Folsorig/



Folsomia c.f. garetti. Bagnall

(wing to the inadequacy of the original description, Dr.
Gisin has advised the use of an "open'" nomenclature for this
species. Baznall (1939) reported it from littoral habitats
in Hast Scotlead and il.Z. IEngland.

Isotomodes productus  Axelson

Handschin (1929) notes this species as being cosmopolitan
(W, africa, Lurove, Australia) and Gisin (1943) confirmed its
previously noted preference for drier soils; in the Basle area

it was prominent in the Tullbersia affinis synusia of dry meadows.

The only British record appears to be that of Womersley (1930)
who reported its having been found in Stafford and Somerset.

(b) Hemiedavhic species

Brachystomella parvula (Schaeffer)

Jisin (1943) noted this species as being the dominant
mesophilous hemiedaphon in meadow and moorland in the Basle area,
and mentioned that it was rare or absent in "thin" grassland.

In Britain, Davies (1934) recorded it from Snowdonia, and Baznall
(1939) noted its occurrence in i'icken Fen, and also recorded it

froa Ben Vorlich aand froi the shores of Loch Long, Scotland.

(=3}

Hypogastrura c.f. denticulata Bagnall, sensu. Gisin (1949).

according to Baznall (1939) this species has a wide Britich
distribution (Scotland, Ireland and a number of English counties
are listed) and Gisin (1949) reported it to be common in manure and
conpost in Switzerland. Xnormous numbers were found to occur in

a compost heap at Xilereggan, Dunbartonchire,




Priesea mirablis (Tullberg)

Gisin (1943) agreed with Agrell's (1941) observation that this
species preferred acidic conditions. British records include those
from Cembridge (Salt et. al. 1948) and Cothill (:lacfadyen, 1952).

Folsomia guadrioculata (Tullberg)

In the Bagle area this was noted to be common in litter and in
the surface soil of meadows and woodland, in both upland and lowland
environments, end under basic and acidic conditions (Gisin, 1943).
This specics has been extensively recorded in Britain (llorris, 1922a,
Ford, 1935, Macfadyen, 1952, and many others).

2. hcari (Cryptostignata) Oribatei

ulohmannia ribagai Derlese

This species was not taken in the uncultivated soil, and only
three individuals were collected from the cultivated plots. However
its occurrence is of some interest as the monogpecific family

Lulohmanniidae has not been previously recorded for Britain.

Subsequently this species was discovered in considerable numbers in

the soil of an icrostis-Fescue pasture at Lephinmore, Argyll.

It was more abundant in soil below 13" in depth than in the surface
layers. Berlese (1910) obtained the type material froﬁ.Moss.

The specimens collected showed the reticulations which Hammer (1952)
noted for Canadian specimens.

Iypochthonius rufulus (ifichael)

liichael (188L) reported this species from moss but mentioned
no locality, and Hull (1916) reported a wide British distribution.
Strenzke (1952) described this species as being eury?lastic with a

preference/



preference for soils with a medium moisture and high organic matter
content, and a low pH.

Ceratozetes gracilis ilichael

ifichael (1884) never found the adults of this species, but bred
it from two nymphs taken from moss in Epping Forest and Lynton.
Hull (1916) however noted it as occurring "everywhere in England,
Scotland, and Ireland". Strenzke reported a wide holarctic
distribution, and noted that although it was euryplastic in relation
to pH, with a oreference for acidic soils, it was stenoplastic with
rezard to moisture conditions, being almost restricted to soils of
medium ﬁoisture content. Rayski (19&5) showed that this species

could act as an intermediate host for iloniezia expansa (Rudolphi)

and it occurred in all the pastures he studied (E. Scotland).

Achipteria coleoptrata (L)

This species has an extensive holarctic distribution (Strenzke,
Hammer 194, 1952) and Strengke considered it to be euryplastic
with a preference for medium moisture conditions but apparently
indifferent to pH. 1In Britain it was found by lMacfadyen (1952) at
Cothill, and Rayski (1945) noted its being abundant in pastures in
E. Scotlend; and,by experimental infection, found it capable of
carrying the cysticercoids of ll. expansa.

Luzetes globulus (Nicolet)

This species has been named in accordance with the taxonomic
observations of Van der Hammen (1952). Synonyms include the

following:- E. seminulum (idller), sensu Willman (1931), and Strenzke

(1952) and E. aterrimus (iioch), sensu Rayski (1945).
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ilichael (188L4) considered that this species fed on fungi
and lichens, and Hull (1916) noted its abundance in Britain.
In Strenzke‘s study it was practically confined to 16 samples
from woodland habitats, and it appeared to be indifferent to pH.

Punctoribates punctum (Koch)

This was another of I'renzel's ‘'Leitformen' and it has been
widely reported from Europe. Strenzke considered it to be
euryplastic, with a preference for medium moigture conditions, and
noted its indifference to pH. There appears to be no published
record of the occurrence of this species (or any of its known
synonyms) in Britain, and it is not included in Turk's catologue
(1953%,but in view of its extensive liuropean distribution, and its
abundance in Glasgow, its apparent absence from the British list
may well be due to some untraced synonomy.

This species was kept in petri dish cultures in the laboratory,
and although it did not breed, it was found that the animals could be
kept alive on a moist filter substrate for periods of up to 12 weeks.
They appeared to feed on decaying potato tuber and on fungal and
bacterial colonies growing on a variety of moist plant debris.

Minunthozetes semirufus (koch)

Strenzke reported an extensive uropean distribution for this
species, and noted its euryplasticity with a preference for wet soils
of a medium pH. It was the dominant Oribatid in the uncultivated
plots, and it appears to be common and widely distributed in Britain
(Hull, 1916; lacfadyen 1952). ilichael (1884) noted that the nymphs
of this species burrowed into the stems of grasses. This species-was

also/
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also kept in the laboratory and its food habits appeared to be
similar to those of . punctum, but the aniials were particularly
attracted by the decomposing body of a nematode worm.

Oppia clavipectinata (ifichael)

Although extensively reported in Lurope, Strenzke only found
this species in & of his samples., l!lichael (1888) collected these
animals from a thatched roof in Warwiékshire.

Oribella lanceolata (ilichael)

Strenzke reported a general holarctic distribution for this .
species, and described it as being euryplastic with a preference for
soils of a medium moisture content. It was indifferent to pi.
ilichasl (1888) found it in moss and reported a wide British
digtribution.

Oribella paolii (Oudemans)

Yet another of Frenzel's Leitformen, and Strenzke noted that

its preferenda were similar.to those of Q. lanceolata, with which

it comonly occurred. It is not listed in Turk's catalogue (1953)
but acfadyen (1952) found it at Cothill.

Scutovertex sculptus liichael

This species does not appear to have been widely reported from
“urope, and Strenzke only secured a single specimen. Van der
Hammen (1952) noted its presence in Oudeman's collection, and most
of this material had been taxen from decaying leaves in Holland.

In Britain, both ilichael (1884) and Full (1916) considered it to be
common, and they reporteu its occurrence in moss.

Phthiracarus anonymua  Grandjean

This species was only collected in very small numbers and

althoush/



although not included in Turk's British Catalogue, it is known
to have been collected from litter in Yorkshire by iiurphy (private
communication).

3.Acari (Cryptostizmata) Acaridiae

Rhizogzlyphus echinopus ¥. and R.

ichael (1903) recorded a world wide distribution for this
species, and he considered it to be a primary cause of damage to
bulbs, although recent authorities do not subscribe to this view
{Franz, 1945,' Hodson, 1948). Its distribution in Britain is not
eagy to assess as few soll ecologists have determined their Acarine
species; .lorris (1922a) found it at Hothamsted and Hodson (1948)
remarked that it wasg invariably found upon narcissus bulbs.

In the present study it was easily cultured on decaying
carrots; hypopi were produced in large numbers and in a soil culture
these were observed adhering to gamasid mites, Diplopoda and also
to other instars of tiaeir own gpecies. It wag further noted that
the adult specimens cultured on carrots were much larger than those
occurring in the field.

Acarus siro Linnaeus

This species is cbmmonly associated with stored flour and other
dried ve,etable products, and iiichael (1903) reported a world wide
distribution. ‘els Fogh (1948) found it in his collections of soil

Arthropoda, but he consgidered it to have wandered into his Berlese

apparatus from pacxets of oatmeal in his laboratory.

Coelo:nathus castellanii (Hdirst)

This is also known as a pest of stored products and is one of

the/



the species said to induce the dermatitis kmown as 'grocers itch!'.
No nublished records have been found of the occurrence of this
species in soil, but Dr. ivans of the British iiuseum has informed
the writer that he had also found this species in soil Arthropod
collections.

Glycyphagus destructor (Schrank)

Usually associated with A. siro, (Hughes, 1948), this does
not appear to have been previously recorded from soil. However,

the related G. domesticus (de Geer) a species thought to feed on

fungi, and bacteria, (Hughes; 1948), was found in beech litter by
Van der Drift (1951). ‘eis Fogh (1948) also encountered the latter
species, although he considered it to have originated in the
laboratory.

The occurrence of Acarid mites other than R. echinopus was at

first viewed\with some suspicion, for it was thought that they might
have originated in the laboratory. After consideration however

this is thought to have been unlikcly. In the first place the samples
were stored in a refrigera%or, and the region of the laboratory near
the extraction apparatus was periodically washed with Jjets of water;
and heavy mite populations could hardly have existed under such
conditions. Secondly, they occurred fairly consistently throughout

the period of study. Finally, a series of samples from an upland
pasture in Argyll were also found to contain large numbers of these

mites, only in this case the dominant species was Tyrolichus casei (Ouds) -

a species which did not occur in the collections from the Glasgow

soil. ZFurthermore, these hill-land samples were processed within a few

days/



days of those from Glasgow.

In reflection, there is no rcason to suppose that these animals
should not occur in soil or litter; for it is appérent that their
main sources of food are plant residues, or organisms and materials
associated with its decomposition. Again, the range of hunidity
conditions in soil is such that the moisture requirements of even the
most exacting species can be met and, finally, it might even be argued
that fhese mites originated in this or some other similar environment ‘

before the advent of bulk food storage.

L. Acari, lesostigmata

2hodacarus roseus Oudemansg

This species, which was particularly prominent in the Glasgow soil,
has not been widely reported. It occurred in Weis Fogh's plain (1948)
and the only records of its occurrence in Britain are those .of Halbert
(1915, 1920) and Hull (1918). The former worker reported it from
decaying leaves and from littoral habitats in Ireland, while the latter
collected it from moss in N.E. England.

This species was also found in arable soil at Auchincruive,iyrshire,

and in the soil of an Agrostis-Fescue pasture at Lephinmore, Argyll.

In both these localities, it was prominent in soil below 3" in depth.

Ehodacarellus epyginialis n.sp.

This was the dominant llesostigmatic mite in the collection. The
genus has not been previously recorded from Britain, although there

are a number of continental records. 1illman (1935) found Rhodacarellus

subterraneus in soil at a depth of 10 - 20 cm. near Leipzig, and

Frenzel (1936) found R. silesiacus to be amongst the few species

prominent/



proninent in the lower soil.
In view of their numerical importance attempts were made to

elucidate the food habits of the Rhodacaridae but they were not

eminently successful. They were found particularly difficult to
collect by desiccation methods, and, of the few which were obtained
in this way, the majority were very inactive, and many died before
they could be observed. From time to time a few individuals were
watched in petri dishes, and, although their structure would indicate
a ﬁ%datory mode of life, they showed no interest in small Collembola,
ematoda, and Acarid mites confined with them, and they paid no

attention to batches of the eggs of Hypogastrura denticulata.Similarly

their activities on fungi and decaying plant material were such
that no positive evidence could be obtained.

Veigaia nemorensis (Koch)

This species appears to be extremely coumon in continental Europe
and Britain. It was one of Frenzel's Leitformen, and there are
several British records, including that of Hull (1918) who reported
it to be common anongst grasses and moss in many English céunties and
in Ireland.

In the laboratory it was observed to be actively predacious,
feediﬁg mainly on Collembola.

Pergamasus runciger  Berlese.

This species also appears to be comon., The original material was
collected in Norway, and Halbert (1915) reported its being common
in Ireland. The mite reported as P, rumiger Berlese by liorris (1922a)

and Thompson (1924) is presumably this species.

Fergamasus/



Pergainasus misellus Berlese /

Berlese {1907a)found the type material of this species in a
field near Padua, and no further record has been found.
Both Pergamasus species were observed in the laboratory.

They were extremely active and preyed mainly on Collembola,

although Acarid mites and Nematode worms were also consumed. They
pierced the body of the prey and sucked out the contents, and on

one occasion a P, runciger was seen to have an Oribatid mite

(1{. semirufus) impaled upon its wmouth parts.

Digamasellus reticulatus n.sp.

ilthough its species have been widely reported from continental
soils, (vide Leitner 1949), the only previous Dritish record of this
genus is that of Bvans (1954) who reported the occurrence of

D. halophilus Will. in a VWelsh salt marsh. D. reticulatus was

subsequently found in the Agrostis-Fescue pasture at Lephinmore.

Here it was common in soil at a depth of 13-3" but it also occurred
below the 3" point.
Laboratory observations showed this small species to be predacious,

preying mainly on Tullbergia krausbaueri, although it also attacked

and consumed Arctoseiopis minutus and it was observed sucking out the

contents of the eggs of Iypogastrura denticulata. On one occasion it

was seen to attack and kill a R. epyginialis.

Arctoseius cetratus Sellnick

Wels Togh's ... bispinatus appears to be synonymous with this

species and he found it cownon in the upper layers of soil. The only
other British record for this species is that of Evans (1954) who

reported/



reported it from a salt marsh in VVales, Laboratory observations
did not produce any conclusive evidence on the nature of its food
habitse It did not appear to be predacious.

Arctoseiopsis minutus (Halbert)

The type material was collected from Sphagnum at Clare Island
(Halbert, 1915) and this also occurred in the Welsh salt marsh
(Evans, 1954). This species was observed periodically in the
laboratory, but, like the preceding species, no conclusive evidence
on its food habits was obtained.

Lasioseius penicilliger Berlese

The type material was taken from agricultural soil in Italy
(Berlese, 1917) and it has not been previously recorded from
Britaine rrenzel included the genus in his list of Leitformena.

Platyseius ne spe

Material of this species is in the possession of Dr. Owen-

Lvans who will include its description in a paper on the Laelaptidaes

Hypoaspis aculeifer (Canestrini)

Halbert (1923) found this species numerous in dead wood near Dublin
and the genus is included amongst Frenzel's Leitformen. In the
laboratory it fed on Collembola.

Eviphis ostrinus (Koch)

Halbert (1915) reported this from moss and decaying fir cones
in Achill Island, and he noted it as being common in Europe.
It was also found by the writer in birch litter (Durbartonshire),
and on several occasions it was found in association with

R. echinopus on narcissus bulbs. In the laboratory it was

attracted by decaying potato tuber, and did not appear %o be

predaciouse
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VI. QUANTITATIVE RSULTS.

Forty-eight 2" samples were taken from the uncultivated area.
Of these, the eight taken in June 1951 were 9" deep and sub-divided
to represent two strata viz. O - 3", and 3 - 9", while the later

sauples were uncivided and taken to a depth of 6". Thus, the June

samples being different in size have to be considered separately

and they provide some data on vertical distribution. The remainihg
forty, taken on five occasions during the period October 1951 -
Getober 1952, are comparable and provide data on horizontal and
seasonal distribution.

Census of Arthropoda

The detailed results of the examination of the samples are

presented in Census Tables I - VI (Appendix III).

1.The Density of the population

It was not the object of the investigation to establish the
absolute densgity of the population, but the densities recorded are
of some interest in relation to the results of other workers.

Cver the five occasions on which the 2" sanples were taken to a
depth of 6", the-highest population occurred in October 1952 when
an average of 170 Arthrogoda per sample were recorded. The lowest
population occurred in 4pril 1952 when only 67 individuals per
sauple were encountered, whilst the aean population over the five
occaslons represented by these samples was 118 individuals per
sanple. In June, 1951, the ﬁean population per sample was 96,

of wnich 69 and 27 occurred in the O - 3" and 6 - 9" strata,

respectively/



respectively.

In Britain it has become almost customary to express populations
in terms of millions per acre, There is little to commend this
except that it provides a common unit for comparison. The 2" samples
are each approximately eguivalent to one two-millionth of an acre
in area, so that the populations become:- October 1952 - 340 millions
per acre; April 1952 - 134 millions per acre; mean population of 6"
deep samples - 236 millions per acre; June 1951, uppér layer - 138
millions per acre; and June 1951 lower layer - 54 millions per acre.

2.The Cuantitative Composition of the Community

The percentage composition of the population in the upper 6" of
soil is noted in Tables 6 - 10. These tables summarize the
information given in the Census Tables and represent the average
comnposition of the comunity over the five sampling occasions and
over the four plots.- The June sanples have not been'included}in
this assessment, for, being deeper, these samples are not strictly
comparable, The nature of the horizontal and seasonal distribution
encountered is noted in succeeding sections. It will be seen that

in Oribatei and iiesostigmata species counts refer to adults only;

the immature forms being dealt with collectively. This was due to
the taxonomic difficulty encountered in these two groups; and, although
in sume species immature forms could have been baired with the adults,

had this been done, a bias towards "easy" species would have occurred.



TABLE 6

THE AVERAGE COMIPOSITION OF THE ARTHRCPOD POPULATION

Group

Insecta
Acari
Other Arthropoda

Group

Protura
Collembola
Thysanoptera
-{emiptera
Coleoptera
Diptera

Group

Oribatei
Acaridiae
.legostigmata
Heterostignata
Prostigmata

IV THi UEPER 6" OF SOIL

Proportion of Arthropod Population
Represented (per cent)

1.9
57.7
0.4

Proportion of Insect Population
Represented (per cent)

0.5

9
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Proportion of Acarine Population
Represented (per cent)




TABLE 7

THE AVIRAGH COMPOSITION OF Tt

5 COLLE.IBOLAN POPULATION IN THE UFPER

6" OF SOIL

Species

“uedaphic forms:-
Onychiurus uliginatus
Onychiurus spinularius
Onychiurus sp.undet.
Tullbergia krausbaueri

Tullbersia crassicuspis
(& ]

Tullbersia quadrispina
I'olsomia candida
olsomia garretti
Isotanodesg productus
Hemiedaphic forms:-
Brachystomella parvula

Hypogsastrura denticulata

Friesea mirablis
Folsomia gquadrioculata

Other and undet. Collembola

TAELE 8

Proportion of Collembolan population
Represented (per cent)
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TII8 AVERAGE COIPOSITION OF THE ORIBATID POPULATION IN THE UPPER

6" OF SOIL

Species

Ceratozetes gracilis
achipteria coleoptrata
Buzetes globulus
Punctoribates punctun
Jlinunthozetes semirufus
Cppia clavipectinata
Oribella lanceolata
Oribella paolii
Scutovertex sculptus

QOther and undet. Cribatei
Tmmmature Oribatei

Proportion of Oribatid Population
Represented (per cent)
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TABLE 9

THS AVERAGH CCL.IPOSITION OF T ACARID POPULATION IN THE UPPER

6" OF SOIL
Species Proportion of icarid Population
Represented (per cent)
Acarus siro 4.7
Coelognathus castellanii 9.3
Rhizoglyphus echinopus L2.3
Glycyphaygus destructor 33.6

ABLE 10

TG AVERAGE COLPOSITION OF THE MESOSTIGIATIC POPULATION IN THE UPZER
6" 04 S0IL :

Specles Proportion of ilesostigmatic Population
Represented (per cent)

Rhodacarus roseus
Rhodacarellus epyginialis
Velgaia nemorensis
Pergamasus runciger
Pergamasus misellus
Digamasellus reticulatus
Arctoseius cetratus
Arctoseiopsis minutus
Cosmolaelaps claviger
Lasioseius penicilliger
rlatyseius n.sp.
Hypoaspis aculeifer
Zviphis ostrinus
Olodiscus minina
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B.

The Data of June 1951 and Vertical Distribution

The information on vertical distribution whilst limited to
one occasion and to two rather broad strata is nevertheless of some
value for the data have been treated statistically. The populations
of the two strata have been compared on a volume basis, thus, as
the population of the lower stratum (3 - 9") represented double the
volume of soil occupied by the upper population (0 - 3"), the
population figures for the lower soil were halved. In this way
both the upper and lower sample populations represented the nuﬁber
of animals per 154.4 cc.s. of soil. In the statistical analyses,
degrees of freedom were apportioned as follows:-

TPlots 3

Depth 1
Interaction plots x depth 3
7

Total

The plot totals for this analysis were obtained by sunming the

1

square roots™ of the sample populations (after correction for volume)

and the values of 'F' for the comparison of the two strata were obtained

by using the interaction plots x depth mean square as the denominator.

The/

1rn explanation of the use of square roots in this and in subsequent
analyses, it should be noted that the analysis of variance technique
is only valid tor tue comparison of means {or totals), drawn from
binominal distributions. Biological data of the kind dealt with in
the present study tend to be distributed in a manner approaching
the asymmetrical 'Poisson' fashion. Such data can be made to approach
the binominal type by using appropriate transformations. In extreme
cases Logyp transformations could be used, here the less drastic
square root transformation has been considered adequate.



c.

The results of analysés of this type are summarised in Table II.
It will be noted that the fauna was not uniformly distributed iﬁ
the profile, and that, with some exceptions, the population of the
upper stratum was much more dense than that of the lower. In a
nunber of cases this difference in density was significant.1 In
no case was the population of thé lower stratum significantly more
dense than that éf the upper stratum, although in the case of

Rhodacarellus epyginialis the "observed" density of the lower

stratun was greater.

Horizontal Distribution

During the year October 1951 - 52, LO compzrable samples were

‘taXen from the uncultivated plots, and the data resulting from an

examination of this material were subjected to analysis in which
the 39 degrees of freedom available fof the total sum of squares

were apportioned as follows:-

Flota 3
Seasons ' L
Interaction plots x seasons 12
Samples 20

In this analysis the total variation between samples (i.e.
within plots) is measured by the samples mean square. The comparable
figure for the total between plot variation has to be obtained

by pooling the plot mean squares(each with 3 degrees of freedom)

for/

1In this investization the probability level of (.05 has been taken
as the minimum standard of significance. This implies that the
chances of the results being fortuitous are at the most 1 in 20.
Distributions of 'F' and 't' are given by Fisher and Yates (1938).



TABLE 11
THE VERTICAL DISTRIBUTION OF ARTHROPODA, JUNZ 1951.

Numbers of animals per unit volume of soil (154.4 ccs.) and their relative

densities in 2 strata, together with values of 'F' obtained in analyses of

square root transformed data.

Upper Lower Re}ative 1o
Stratum Stratum | Density in
0 - 3" 3 - 9" | Lower Stratum.
Group or Species Upper Stratum.
Density=100.0

' Total Collembola 18.2 7.1 39,0 14.05
Total Tullberginae 5.7 2.5 43.9 45.85
Tullbergia krausbaueri 4.9 1.2 24.5 15.52
Tullbergia crassicuspis 0.9 1.1 122,2 <1
Total Onychiurus spp. 2.2 2.7 122,7 <1
Total Hemiedaphic Collembola - 4.1 0.2 4.9 37.i5
Total Aceri 48.1 6.1 12,7 10.68
Total Oribatei 36.1 2.6 7.2 20.34
Ninunthozetes semirufus 12,9 1.2 9.3 | 13.91
Punctoribates punctum 15.4 0.6 3,9 23,18
Total Immature Oribatei 2.1 0 - -
Rhizoglyphus echinopus 2.9 0.3 10.3 1.82
Total Mesostigmata 8.6 3,2 37.2 3.9
Total Rhodacaridae 2.4 2.4 100.0 <l
Rhodacarellus epyginialis 1.4 2.2 157.1 1.41
Total Immature Mesostigmata 2.9 0.2 6.9 22,00

"Degrees of freedom :- n;- 1, n - 3, Significance levels indicated thus:-

p - 0.05%, p - 0.01*%,




L

for all five occasions, so that the total between plots mean

square has 15 degrees of freedom. In the analysis this itemn can

be derived from the sum of squareg obtained by summing the plots

sum of squares (3 D.F.) and the interaction sum of squares (12 D.F).
Thus the samples mean square (20 D.F.) and the plots plus interaction
mean square (15 D.}¥.) provide, respectively, a comparable measure

of the variation encountered within plots and the variation found
to occur between plots. In addition by using the interaction plots
X seasons mcan square as the denominator, values of 'IP' can be
obtained for assessing the siznificance of plot differences. In
this case however it should be noted that the replication consists
of repetitive observations on the same plots so that the values ‘P!
are largely a mcasure ol the consigtency of the differences over a
period of time.

An analysis of this type was carried out on the square roots of
the sample populations of a number of groups and their constituent
species. The results of these analyses in so far as they concern
horizontal distribution are presented in Table 12. Hére the total
plot populations are accompanied by the appropriate.transformed
totals, obtained by sunming the square roots of the individual
sanple populations, and, in the last two columns of this table the
mean squares facilitating the comparison of within plot with between
plot variation are recorded. The plot differences were first
treated by using the variance ratio ('F') test, and, in cases
where significant '¥' values were obtained, standard errors of the
transformneéd totals are given. The minimua significant difference

between/



PHTRAR 1A - (L~
HORIZONTHL DISTRIBUTION OF ARTHROPODA IN THE UNCULTIVATED: SolL.’

@ Plot Totals, Original Data(0.D) and Sguere Root Transformed Date (TD) Values of
F and Standard Errors. ;

6. %mpaﬁs?;:f lithea wibh Between flot Varialion as Shownr by Che Samples Mean Sg,u;ce and Plots +Interaction |

' I Samples|Plocs +Int,
r Species Plat I | Plot2 | Ploe 3 | Plot @t sg [Seme oCs
Geovpor Spe il i LA Wl o s
| Total o 471 368 | 694 | 321 » ‘
Collembola T0)bbb650[57 84779 640|54-382] 408[55T8] 2-448] 025
 Total opl 131 152 186 98 o
Tullberginae 70|33433[35702|36944]|29.575] < - 1-642] 4678
Tuitbergia . . opl 126 (| le4k y 70| ¢+
krausbauer: 10|33 747|30-182]30:631124-996] < - r6b0] 3429
| Tulibergia ool 5 Sqpo222 | as ) oo b
crassicuspis To 3732 kbl 4|l 9498|1(-860] [-8b] - 0-956| 0977
Total op] 221 LR 1T 32 L T L
Onychiures Spp. To{457 06|/ 46T8l20052[1 40006 702|5537 to042] ¢756
Fefsomia = . . ool 2( | 29 | 192 | i3 [ guu|
candida Tolt0382113-346|38869] 7242{14593793] T750] 5349
| Isotomodes === opl . 12 A8 | 14§ S50 | x| . ] . . | ..
productus To| 6:928[19-689135296]18063]|70-19|3656] 0804] 3794]
Total 0. D. 83 104 q0 1ib R o o
Hemted.apl\u(.‘ol!embulq. 7Tp251 85130-1 8729117 30.804| <i - 1'1258] 1024
Total . b0} 203 | 868 | 994 | 652 =% | _ 1
Acari TO42-TI 4|89-267|96:499]|73-852 /o-sfuu T-328}1 5600
| Total op] 57 | 589 | 642 | 264 | s | | . .
Oribatei 7.0]20-023172-52 7|75 12 5L 8-373|/ 6206[6364| S5TI| b-4!
. Punctoribates ~ oDp] 19 102 | 204 AT | wwwl . ] o
punctum 70| 7020[29-599 4001219671 4|1 1-31[4189] 1-904] §372
Minunthogetes = ap| 24 69 | 212 XA EETT A R
semirufus Toli1-352 LT A4143-782 350 67|11 249 |4576] 3507 6907
Total ~...on 3| 35 83 | 40 | gwa | .. 1. .. . .
OnbelluSPP 7ol A4t al15ara|2s586nlioTOlITAE|2312) 1155 2294
Imn\qture Orubctec 7ol 41 4127913|74-623) T828|16-12|2T42] 0691 302b
Total - - oo &7 97 6o §y 214 | | } 1
Acaridiae 70| 9-435(aT965|19-7T90]20-933] < - 55911 4223
Rhi304lyphus opl S 83 P2 I B ™ I
echinopus To|i 763525500/ 4804] 1-000| L97[485T9] 1409] 3Tis
Tobal 3 . opf 6 A I'h | 213 | DR . B
Other Acaridice = 70| 4828 T277| 7863{19-933] <i - 4651 5655
Total ool 8T | T4 | 283 | 163 | o .. . | - .
Mesostiqmata 70]2791 4|39-826|51-570|39.39 0] S4T|4132] oqai| 3231
| Total .00l 33 4 6T LA 9T (- G b1
Rhodacaridae 70|l 4 6T hidh 41 5|37 0 47]28 1 41] 408ls-60al 0Tw2| 3425
Rhodacarellus =~ 00f 20 § 34 6o | T4 . L. V.o ...
epyqinialis 70l 9706l/56565(23899[23-287T] 346 - 0986l 1969
Total ap| 23 26 30 15} | R
| Pergamasus spp- 70|tobhbll 4tT4|ifh92lios5eo] <i |- | os52at| 1171
lotg,_*i . O.D 15 . 30 /1-6 7-7-6 I L L. L o
Temature Mesostigmata T0[/0-61 0[15-51 9 19.2?4 14824 (68] - o-543 0'8bk| -

| Desrees of frcec(om Rs 3, npe 2, Sljn;fscan.ce levels md«cated_ (h,us POOS DPO ol , PO OOI *‘? ]

2!J.DF VGJu.QS of TaE - poossosl)POOJ,x,.szo) Po Ool élob L
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between the transformed totals is given by the product - Q/E. t
S.E. (P = 0.05).

Although a considerable amount of within plot variation was
encountered, in mogt cages the variation between plots greatly
exceeded that occurring between samples, and anongst the groups
and species analysed there were only two exceptions to this viz.
Total icaridiae, and Total Hemiedavhic Colleinbola. The magnitude
of this interplot variation is emphasized when the results of the
'I'' tests are considered, for in uany cases significant values
were obtained.

The’more outstanding differences were apparent when Plots 1
and 3 were compared with each other and with the other two plois.
Thus the total Collembolan population of Flot 3 was significantly
higher than that of I'lots 2 and 4. This was due mainly to the

high poirulations of Folsomia candida and Isotomodes productus in

Piot 3; for, in this »lot the powulations of these two species
were significéntly higher than in any of the other 3 plots. In
Zlot 1, on the other hand, the population of Onychiurus species
was significantly higher than in any of the other three, and this
plot was further characterized by a low iLcarine population, and
particularly so in relation to Oribatei. Thus, in this plot the
povulations of the following were significantly lower than in any

of the other plots:- Total Acari, Total Oribatei, ilinunthozetes

semirufus and “otal QOribella species. The populations of
Punctoribates punctum and ianature Cribatei were also low in this

plot/




plot, but they differed significantly only from those in Plots

2 aad 3. with rezard to the ilesostigmata, although these mites

were generally less abundant in ¥Flot 1, significant comparisons
were less frequent.

3easonal and Annual lluctuation

The rfour series of saaples taken at two monthly intervals
from {ctober 1951 to April 1952 provide some information on the
seagsonal fluctuations of the population. For the purposes of
the work described in PFart II of this paper it was nécessary to
arrange the saupling so that the coumnunity could be observed at a
tiue of probable high population, and for this reason no saaples
were taken hetween .ipril and October 1952. Thus the seagonal
variation study is not coaplete, but the saaples of October,1952
provide wmaterial for an annual comparison with October, 1951.

The method of analysis described in the preceding section
provides a means of assessing the significance of seasonal and
annual differeaces. Here however the '¥' test cannot be used, for
purely seasonal differences are incorporated with the annual
comparions October 1951 - October 1952. Thus, if the annual
differences were saall, the values of 'F' might well be insignificant
despite the occurreunce of seasonal differences of some magnitude.
For this reason the significance of seasonal and annual differences
have becn tested by using the standard errors derived from the
interaction mean square. The results are presented in Table 13.

The observed seasonal variation was considerable but the standard
errors were su larsze that in many cascs theée differences were not

significant/



TABLE 13

THE SEASONAL FLUCTUATION OF ARTHROPODA IN THE UNCULTIVATED SOIL

Seasonal Totals of Original Data (0.D.) and Totals of Square gRoot Transformed

Data (T.D.) with Standard &rors.

Group or Species Oct.51 | Dec.51 | Feb.,52 | Apr.52 | Oct.52 | S.E-
Total 0.D. 407 449 340 150 508
Collembola T.D. | 54.820 | 58.700 | 50.223 | 33.734 | 61.042 | 4.989
Total 0.D. 147 19 92 48 201

| Tullberginae 7.D. | 33.07L | 23.7%5 | 23.976 | 17.037 | 37.775 | 6.684
Tullbergia 0.D. | 132 64 69 35 1n
krausbaueri T.D. | 31.407 20,734 | 20.166 | 13.164 | 33,085 | 5.668
Tullbergia 0.D. 6 15 15 12 9
crassicuspis T.D. | 4.146 T.417 7.882 4,317 5.732 | 2.581
Total 0.D. 83 94 58 30 94

| Onychiurus spp. T.D. | 21.925 22,945 | 17.715 9,210 | 22,107 | 4.953
Folsomia 0.D. 69 98 40 23 25
candida T.D. | 18,737 | 21.405 | 11,538 | 6,742 | 11.417 | 3.393
Isotomodes 0.D. 42 6l 65 12 71
productus T,D. | 13,741 20,815 | 21.300 6.700 | 17.420 | 3.270
Tot. Hemiedaphic 0.D. 63 106 82 34 108
Collembola T.D. | 21.616 28.795 23,985 12,968 27.929 | 2.994
Total 0.D. 567 373 - 588 362 827
Acari 7.D, | 65,781 51.633 | 60,390 | 50.076 | 74.452 | 6.495
Total 0.D. | 331 178 | 405 274 364
Oribatei T.D. |47.451 31.279 | 46.669 | 40.941 | 49.708 | 5.692
Punctoribates 0.D. 122 21 120 64 45
unc tum T.D. | 27.827 10.145 | 22,522 | 19,119 | 16.632 | 3.747
Minunthozetes 0.D. 100 85 161 . 131 185
semirufus T.D. | 25.745 20,012 | 28,172 | 28.225 | 35.388 | 4.093 |
Total 0.D. 37 15 27 21 61
Oribella spp. T.D. |15.178 6.708 9.587 9.921 | 19.028 | 2.068
Total Immature 0.D. 42 28 31 12 22
Oribatei T.D. 115.429 10.529 | 11.018 5.560 | 10.242 | 2.453
Total 0.D. 60 54 38 9 267
Acaridiase T.D. |{19.126 17.385 10.513 6.414 | 34,685 | 6.246
Rhizoglyphus 0.D. 40 42 37 8 54
echinopus 7.D. |12.257 13.540 9.513% 6.000 | 17.629 | 4.096
Total 'Other' 2. 0.D. 20 12 1l 1l 213
Acaridiae T.D. {11.478 7277 1.000 1.000 | 19.146 | 6.884
Total 0.D. | . 159 137 142 76 195
Mesostigmata 7.D. |35.105 | 32.368 | 31.721 | 24,093 | 35.413 | 3.6%5
Total 0.D. 87 68 69 37 85
Rhodacaridse T.D. | 26.003 19.933 22,090 | 15.3%6 | 21.015 | 4.118
Rhodacarellus 0.D. 34 38 60 31 25
epyginialis T.D. | 14.5%4 14,332 | 20.126 | 14.092 9.463 | 3.250
Total 0.D. 13 26 23 11 21
Pergamasus spp. T.D. | 8.464 12.378 | 10.888 7.828 | 11.114 | 3.250
Tot. Immature 0.D. 30 135 2l 14 39
Mesostigmata T.D. |14.291 9.388 12.028 9.024 | 15,216 2.473

“12 degrees oFfrccdom. Velkes of JZt:~ p0-05,3:081; p0-0l, 4-320; P 0-00/, 6:/06.

2. Totals OF 3 specres i~ Acarus Siro, Cae/oﬂn.a.f:hus Caste“a.n.i.il and gl:scsphaﬂu.s destructor. -




sigﬁificant.

On the whole the fluctuation was most marked in relation to
Collembola, and here the trend was towards low April and high
Uctober and December populations. Thus, in the analysis of Total
Collembola the April population was significantly lower than that
of any other occasion. The April population of Tullbergia

krausbaueri was significantly lower than both October populations,

but no significant comparison was evident in the analysis of

I. crassicuspis. In the population of Onychiurus species, although

the observed fluctuation was great, in no comparison were there
any significant differences. Vith regard to the other euedaphic
Collembola analysed, the results can be summarized by noting that
the April population was significantly lower than the December
population and also significantly lower than one of the October

populations, while only in the case of Isotomodes productus was

there a significant difference between the populations of February
and April. In the case of hemiedaphic Collembola the April
population was significantly lower than those of the other occasions,
with the exception of that which obtained in October, 1951. |

The seasonal fluctuation of Oribatei was less marked, and in
the case of the adults analysed, the lowest populations were seen
to occur in Jecember, and the highest populations of these mites

occurred in Mebruary and October. In the cése of Punctoribates

punctum the December population was significantly lower than both

tnose of October, 1951 and February, 1952.

In/



In the Acaridiae and Mesostigmata the seasonal fluctuation

could not be regarded as significant: and, finally, with regard
to annual differences, although the total Collembolan and

total Acarine populations of October 1952 were seen to be
considerably higher than those of the previous year, in no

case was the annual comparison significant.

1.

The writer is advised by Mr. W.J. Lessells of the necessity for
caution in the use of the 't' test. This test is used for assessing
the significance of differences between two 'treatments' of particular
interest, and it is not a valid procedure to use the test in an.
attempt to grade all differences into those which are real and those
which are not. Thus, in a series of 5 totals, there are 10 possible
comparisons, so that the chances are even that 1 comparison will yield
a value of 't' significant at the 5. level, and by deliberately taking
the highest and the lowest, a selection towards the chance effect is
automatically made. In Rhodacarellus epyginialis, a significant
value of 't' is evident in the extreme comparison April-October 1952,
but there is no reason to regard these months as being of 'particular
interest'. In Collembola and Oribatei, significance was not confined
to single comparisons and the selection of months of 'particular
interest' was supported by the trends in related species, and by the
evidence of previous studies.




VII. DISCUSSION

The Density and Composition of the Population

In the present study, the averaze Airthropodan pbpulation of
the upper 6" of soil, as shown by the analysis of LO samples, was
117.7 individuals per 2" core; of these 46.3 were Collembcla,
and 67.9 were fcari. In order that the results may be compared
with those of other workers it is necessary to express them in
relation to some common unit. liacfadyen (1952) has discussed the
relative nmerits ol square and cubic standards, but no matter which
standard is adopted, the uneven vertical distribution of the animals
sets a severe linit upon the value of comparisons between
investizations based on samples of different depths. ilost workers
have expressed their populations per unit area, and, at the same
time have noted the depth to which their samples were taken. A
number of British investizators have used a scale of millions per
acre, whilst many Continental workers have adopted a square metre
ag their unit. Both these areas however,and particularly the
for.uer, are so large that it is difficult to visualize the actual
densities of the population.  Accordingly, in Table 14, the
populations recorded at Glasgow, and those recorded in a number of
the more recent studies of uncultivated land, have been recalculated
in relation to a unit of 1 sq. centimetre. V'ith one exception,
the earlier investijations based on direct sorting methods have not
been included in this table; for the population estimates obtained

were so low that there secmed little purpose in using them even for

an/
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an approximate comparison. A4S an example, it can be noted that
the total Invertebrate population (inclusive of Nematoda etc.)
of an Abherystwyth pasture reported by Thompson (1924) was only
about one-twelfth of the Arthropodan population reported in the
present study.

The exception is the study of an (Cxfordshire meadow described
by Ford (1935). rord recorded a remarkably high population of
Colleubola for this habitat; and, desplte his use of direct sorting
methods, his Iiovember population of these insects in the upper 9"
of soil was approximately 7.1 per cm2. This figure exceeds even
that obtained by Salt et al.(1948); these workers having recorded
a population of 6.1 Collembola per cm? in the upper 12" of soil of a
Caubridze pasture. "his difference is remarkable in view of the
fact that Salt et al used the [lotation technique, and a number of
their sauznles were extracted with an apparatus in which the ultiuate
sieve was one of bolting silk with a square mesh of O.1 mm.

ivhen compared with the population of the upper 6" of soil
recorded by 3a2lt et al, the mean population of the Glasgow soll
eppears to be low. It should, however, be noted that the Cambridze
populations were based on samples taxen in Hovember; and, in the
cage of Collewbola, if the highest seasonsal population of the
Glasgow soil (note@ in October, 1952, and equivalent to 3.1 Collembola
rer cmz) is used for comparison, the difference is less marked, and
is probably mainly due to the use of a finer sieve in the Cambridge

study.

In the case of Aicari, however, the discrepancy is much greater.
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It has already been noted that in the present study the number

of immature Oribatel and iiesostigmata was surprisingly low, and

this may have been due in part (but probably not entirely) to
the loss of the small immature instars through the 0.15 mm, sieve.
Even Salt et al remarked that some of the Oribatei encountered
were so minute that the larvae probably passed through their O.1 mn.
sieve. Another factor which_has to be considered is the
collection by the flotatioﬁ method of the remains of dead mites.
Salt et al did not determine their Acari in detail, and do not
mention this contingency, so that it is not possible to determine
whether their population was inclusive of such forms. Had these
remains been included in the assessment of the Glasgow population;
the numbers of adult COribatei w.uld have been very much greater.,
It will be seen that the remaining investigations in Table 14
are ones in which thc Berlese extraction apparatus, or some
modification thereof was used. Comparisons of the Glasgow
populations with those recorded in these studies can only be
approximate; for, not énly are there differences in depth and time
of sampling, it is difficult to decide whether the observed
differences were due to environmental factors or merely to the
use of different extraction methods. INevertheless, it seems
profitable to malte a few comparisons. Although definite
conclusions cannot always be attained, the results indicate the
necessity for further regearch, particularly in relation to the
relative eificiency of extraction methods in relation to soils of
different types.
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'In ilacfadyen's fenland study, the Collembola and Acari were
round to be less nunerous in the Juncus areas than in the other

plant assoclations he examined, but the‘populations of Collembola

in his ilolinia and Deschampsia areag did not differ widely from that
of the present investigation. It is also of interest to note

that Collembolan populations of a somewhat similar magnitude were
fcoorded for a brown earth soil’near Vienna (Schaller 1949a), for
damp soils in the Plon area (Strenzke 1949), and for natural heath-
land in Yorkshire (iurphy 1953). It should, however, be indicated
that the populations recorded by these workers were based on samples
of different depths, but this does not greatly affect the approximate
similarity noted, for they also observed that the bulk of their
populations usually occurred in the upper straﬁa of their samples.

In the case of Acari, it would be misléading to make comparisoné
without reflerence to the composition of the populations. Accordingly
th: populations of the major Acarine groups recorded by iiacfadyen
and wels Fogh, together with those obtaiﬁed at Glasgow, are ;iven
in Table 15.

fhe most notable feature here is the high population of QOribatei

in ilacfadyen's ilolinia and Deschampsia areas, Here the difference

is probably mainly due to environmental factors, the Oribatid mites
being more abundant in the organic fen soil, and this conclusion can
be supported by noting that investigations of the fauna of organic
debris on forest floors (Van der Drift 1951, Lvans 1951, and many
others) have shown that Oribatei are usually the most numerous

arthropodan inhabitants of certain litter layers.
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A CUIPARISON OF ACARINE POPULATICONS

Table 15

No. of mites ner cm?

(Details of samples and environment as in Table 14)

..acfadyen| ilacfadyen |.lacfadyen |weis logh | Present
INVESTIGATION !~ [Molinia | Deschampsia| Juncus 'Plain' | Study
GROUP. areas areas areas
Oribatei 12,07 7.12 1.61 1,12 1.91
Acaridiae 0.05 0.08 0.0L 0.10 0.52
ilesostignata Qo 7L 0.66 0.31 0,20 0.87
'Trombidiformes! 0.35 0.14 0.11 0.58 0.03




The reason for the low population of the ®Trombidiformes"

(i.e. Prostigaata and Heterostigmata) in the Glasgow soil is

dif{icult to assess. Envifonmental differences may be partly
responéible. These nites are known to be prominent in purely
organic habitats, but, on the other hand, it is suspected that
the {lotation metnod of extraction gives an unduly low estimate
of' the ronulation of these animals. This has been noted by
Evans (1951) vho observed that a largze proportion of these

predoainantly delicate animals were destroyed during the washing

process. In this connection it is noteworthy that "Trombidiformes"

were the only group recorded in greater numbers in Wels Fogh's
study of the Danish mineral soll,

vith the excention of his assessment of the "Trombidiformes",

Wels Fogh's investization is characterized by extremely low
populations. .lacfadyen (1952) has pointed out that while this

may have been due to the habitat studied, he also thought it possible
that the Berlese apparatus used by W/els Fogh had given a poor
extraction, This latter consideration might éertainly have been

a contributory factor, especially in relation to Welis Fogh's low
Collembolan population, and it is tempting to use this factor to
explain his low Llesostigmatic population. It must be noted however
that the sauples taen in this investigation were only 5 cm. deep,
and it is important to recall that the hizh ilesostigmnatic

populetion of tane present study was due mainly to the Rhodacaridae,

a group waich is at least equally abundant in the lower strata.
Thus, although these wites have been noted by the writer as being
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difficult to extract with a Rerlege apparatus, Wels Fogh was
working with a much lighter soil; and, had he taken deeper

sanples, his populations of thodacarus roseus, might have been

nuch zreater.
i clrecumstance which requires further consideration is the

low population of immature Cribatei and ilesostigmata in the

“laszow soil.,  Whilst this mey have been due in part to a loss
of iL.mature forms during the extraction process, this explanation

is not catirely adcquatc, for a similar loss was not apparent in

Colle.bola and .icaridiae. althouszh detailed counts were not
made, 1t was quite obvious that in the collections of the latter
tvo groups, the ianature individuals were far more abundant than
the adults. 4 similer deficiency of ilamature Cribatei was
noted by wiha (1951). In a phenological study of 10 species

in a renlzina and a brown earth soll in Vienna, she noted that the
imnature forms only constituted 9. and 2,: of the total populations
in caci habitat, ressectively. rurther observation su_gested that
most of the lanature forms of the speciles concerned lived in

other habitats, and they were found in decaying tree trunks, under

bark, and in litter. .part fron H. rufulus, the species studied

by Riha wzre not the same as those found in Glasgow. Nevertheless,
most of the species occurring in this soil have also been
collected from other habitats, e.g. from woss, litter and from
lichens and moss on trees (.iichael 1864,1888, and Van der Hammen

1952) and it is of particular interest that iiichael found that the

aymphs of 1. senirufus burrowed into the steas of grasses. Thus,
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it is not unreasonable to suppose that the deficiency of imnature
Oribatei in the Glasgow soil might also have been due in part
to a similar change of habitat.

The deficiency of immature !lesostigmata - whilst not so

marked - is sufficient to indicate the possibility of a similar
phenomenon,

The Vertical Distribution of the fauna,

In the earlier investigsations, it was noted that, in
uncultivated land, the bulk of the fauna was located in the surface
la ers of the soil, This uneven verticz1l distribution has
been found to obtain in a number of different uncultivated habitats.

In the presenf study, comparisons were confined to the
densities of the populations in two strata, viz. 0.3" and 3-9",
during June 1951, and most of the results merely provide a
statistical confirmation of phenomena previously observed by other
workers. - on the whole, the greatest differences occurred in the
populations of Cribatei, and in the case of . punctum, the density
of the population of the upper soil was 25 times zreater than that
of the lower layers. These observations are in accordance with
those of' .acfadyen (1952) and Strenzke (1952) and the latter worker
regarded the majority of Oribatei as hemiedaphic forms.

with the exception of the hemiedaphic forms, the observed
differences between the Colleinbolan densities of the two layers
were much less marked than in the QOribatei, and, in the case of
Cnychiurus species, a greater density was observed in the lower

layer/



layer, but the difference was not significent. With the

exception of those for T. krausbaueri, the results for Collembola

agree with the findings of other workers. The markedtand highly
significant difference between the densities of those species

noted by Gisin (1943) as being hemiedaphic provides further support
for this morpho-ecological classification. With regard to
Onychiurus species, Glasgow (1939) obtained some evidence to suggest

that 0. ambulans moved to the deeper soil in‘response to adverse

climatic conditions, and Strenzke (1949) noted 0. armatus as a deep

living species. In the case of T. krausbaﬁeri, the density of

which was significantly greater in the gppér layer, the Glasgow
results are not in complete accordance with those of other workers.
This species has been noted as a denizen of the lower soil (e.y.
I'renzel 1936, Schaller 1949a, Strenzke 1949), and in Macfadyen's
study, (1952), it was more abundant in the 5-10 cm. than in the

0=5 cm. layer. It is not possible to accognt precisely for this
apparently conflicting result. The data obtained at Glasgow merely
deny a preference for the lower soil, and such factors as soil

texture may have been operative. Moreover, the comparatively

broad strata examined may have obscured the true vertical distribution

of this species.
In the analyses of the Mesostigmatic populations, no difference

was observed in the densities of the populations of Rhodacaridae in

the two layers. In respect of R. epyginialis the density in the

lower soil was observed to be greater, although the difference was
far short of the significant standard.
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Frenzel (1936), and Willman (1936), observed that the members of

the genus Liwodacarellus were amongst the few inhabitants of the

deeper soil, and thus R. epyginialis is no exception.

On the basis of his observations in a Cheshire pasture, liorris
(1920) considered that the main factors determining the vertical
distributioa of the animals were the location of their food material,
and conditions of aeration and of moisture. In purely mineral
soils it seens probable that the factor of greatest general
importance is the location of the food supply of the animals.

Thus, in all uncultivated mineral soils, the organic matter content
is much greater in the surface layers of the soil, althouzsh the
precise nature of its diminution with depth varies according to the
soil type (see Russell, 1950. Chapter 30). It is also known that
the density of fungli and micro-organisms is greater in this stratum
(Russell, 195G. Chapter 12). It is hardly surprising'therefore to
find in this'upper Zone, an abundance of saprophagéus and
mycetophagous species, together with populations of thelr predators.
In arable land, where vertical distribution of the organic material
1s more even, the surface concentration of the fauna is either not
apparent or much less marked (e.g. lorris 1922a, and Jones 1939).

In this connection, an intcresting observation was made by ifurphy
(1953), who noted that in cultivated heathland a high population of
Acari occurred 8" below the surface in the region of the organic
matter forming the original surface. Further evidence of the
inportance of this factor was also obtained during the course of the
present study. Thus, when tﬁbes containing decaying plant material

were/



were buried to a depth of 6" in pots of soil, it was subsequently
noted that Collembola were attracted to the tubes, although it
was somewhat surprising to find that the majority of the
individuals in the tubes belonged to hemiedaphic species.
Similarly, in a bin used for the reception of surplus soil and
organic matter in the laboratory, in addition to forms living
near the surface, prominent aggregations of Arthropoda were found
to occur around clumps of plant debris at depths of 18-24",

The second determinative factor suggested by .iorris, viz.
aeration, although likely to be of some significance in mineral
solls, is probably most influential in certain organic soils.

The restricted vertical distribution observed by .lacfadyen (1952)
in the Cothill fen soil wasg probably due mainly to this factor,
for, although organic matérial is abundant throughout the profile
of such soils, waterlogzing usually results in anaercbic
conditions in the lower strata (Russell,1950. Chapter 22). A
tecent observation of iveis Fogh (19&8) is also of interest for he
noted that the size of the spaces between the soil aggregates
(aptly called 'microcaverns') became smaller in the deeper layers,
aﬁd, although this factor probably exerts a direct influence on
vertical distribution, especially that of larger species, it may

also determine the degree of aeration in the lower layers.

An outstanding feature of the analyses of vertical
differences was the magnitude of the random variation encountered.
As a result, the great differences observed between the densities
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of the populations of the two layers, and particularly those

note. to occur ia Uribatid pooulations, were only significant

9
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the 5,. level of probability. The only exceptions to this

were Total Wullbercinae and Total Hemiedaphic Collembolea,

where the 1. probability level was attained. ‘''he data

presented in other investijations is such that there is no reason

to suppose that this variation is neculiar to the Glasjow
enviroament, and it would therefore anpear to be undesirable to

draw far reaciing conclusions on the basis of small observed

nean differences in the populations of various strata. Consequently,
altnouch much of the supporting evidence is convincing, such
phenomeaa as periodic vertical mipgrations require to be investigated
in wuch pgreater detail before tinelr occurrence can be truly
establisned.

Horiztonal Distribution

he noa-rando.a distributioa of natural pooulations is well
known. It has been found to obtain in plant communities,
particularly in zrassland (B3lackman 1935), and, auongst many
examples in animal communities, Salt and Hollick (1946) demonstrated
a non-random distribution of elaterid larvae, mainly Agriotes

soutator (L), in pasture. In a micro-distribution study, these

L

‘worikzers were also able to establish an aggregated distribution

for this species within an area of 1 sq.yard. In the present study,
the hijn values of '®' obtained in many of the analyses of plot
difrerences indicate that these dirfferences were consistent f'rom

one occasion to another, and thus it can be concluded that the

population,’



population wag not distributed at random overlthe uncultivated area.
“’he horizontal distribution must therefore have been determined
by the operation of one ur more controlling influences.
At Glasgow the distribution of the animals within each
lot was not studied in detail, but, with only two exceptions,

(Yotal scaridiae and Total Lemiedaphic Colleabola), tie interplot

variation exceeded the variation occurring within each plot.

In lot 1, Cnychiurus species were particularly proainent,

and both 0. ulizsinatus and U. swinularius have been noted by Gisin

(1952 ag occurring in damp soil and particularly in woodland.
“nhe euedarhic Collexbolan society of -lot 3 was characterised by

tue abundance of Igotomodes productus and olscmia candida both of

wiich were present in isin's dry meadow synusia (1943).
Comparatively little interplot variation occurred in the population
or hemiedaphic Colle.bola, and the conposition of this couanunity

at Glasjow was not unlike uisin's Jrachystoimella narvula of .eadow

a _d moors. “ne additional point might be considered of intcerest
and that is the asparent avolidance of "lot 1 by Iolsomia

cuadrioculata; for only one individual was taken from this plot.

altoouzh tie total population of this species was so low that
statistical treatinent scemed hardly Justified, it is interesting; to
recall that both lawmaer {(1937) oad wels Fosh (1940) found this
znecles to be more adundant in drier havitats.
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The interplot variation encountered in the Qribatei was
also highly significant. IHere again the greatest differences
were usually apparent in the comparison of Plot 1 with Piot 3.
Most of the Oribatei encountered have been found by other
workers to be forms ekhibiting great ecological plasticity.
Nevertheless it was strange to find that M. semirufus, a species |
which Strenzke (1952) found to favour damp soils, was significantly
more abundant in Plot 3 than in Plot 1, and was thus associated

with high populations of the xerophyte - I, productus.

ithile a similar distribution was apparent in the

l.esosti matic population, here it was less marked, and apparently

.due mainly to the Rhodacaridae, the total population of this

family being significantly greater in Plot 3 than in Plot 1.

The present investigation was not primarily designed to study
the effect of comparatively small enfironmental differences,
consequently, the precise nature of the factgrs responsible for
the horizontal distribution cannot be esfablished, although some
possible factors can be suggested. - The prominence of the xerophytic

Collembolan, I. productus, in Plot 3, and the abundance in Plot 1

of Onychiurus species, at once suggests an orientation in response
to moisture conditions, with the implication of moist conditions
in Plot 1. Unfortunately evidence directly opposite in character

is revealed by the distribution of M. semirufus. The chemical

analyses of the plots revealed no major differences, but
considerable differences were apparent in the botanical composition,

for the turf of Plot 1 was not so thick, and Poa pratensis (L)
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was much more abundant here than in the other 3 plots. Thus,
there may have been & direct or indirect relationship between

the fauna, and thc cowposition of the sward. In fact the ver&
"thinness" of the sward in Plot 1 might well have been responsible
for the lower population of the predominantly hemiedaphic
Cribatei. Iinally, the relative proximity of the plots to the
trees may have cxerted a considerable influence, for the shade
orobably induced differences in the micro-climate of Plot 1.

Seasonal and Annual Fluctuation

The geasonal flvectuation of the soil population has been
found by wost woricrs to consist mainly of an inerease from low
su.aner populations towards maima occurring during the autumn or
early winter, although many investigators have also observed a
low mid-winter population which was subsequently followed by a
snaller increase duringz early spring.

In all general studies of micro-arthropoda the seasonal
fluctuation has beea found to be most evident in Collembola, and
the accumulated evidence from a number of investigat?ons, especially
those of Glasgow (1939) and Agrell (1941) indicates that the main
factors influencing the seasonal abundance of these insects are
conditions of moisture and teaperature. .iccordin;ly, the autumn
and early winter increase probably occurs in response to improving
molsture conditions, whilst low wid-winter populations are posgibly
the result of low teuperatures, or of excessive moisture, or of both.
Seasonal [luctuations have also been observed in Acarine
populations, but only Uribatei have been studied in any detail,
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and the work of Riha (1951), and Strenzke (1952), indicates
that here also climatic conditions exert some iniluence, although
oviter Tactors may also determine the seasonal abundance of
these mites.

It is therefore generally agzreed that a great part of the
seasonal fluctuation is due directly to chansing climatic
conditions. wels Fogh (1946) whilst not ﬁinimizing the importance

sested that the autwmn increase might also

e
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of this factor, su
be due'to increased food supply, for plant debris could be
cxpected to be more abundant during that season.

The data obtained in the present study are sufficient to
inuicate the general scasonal trend of tﬁe population i1n Glaszow,
and in mary jroups and species this has been found to be similar
to that reported in other lqcalities.

The seasgonal differences were, on the whole, most marked in
the Collembolan population. These animals were found to bu .nost
abundant in October and Deceaber, and le:ist numerous in spril.
Furthermore, the samples of June, 1951, whilst not strictly
coapzravle, indicate a low sumer ponulation, for having made
allowance for the ceviation in depth, it can be seen that the
ponulation during that month was not widely different from that

of ispril, 1952, and was certainly .wch lower than the October and

Ty

Ceceaber populations.

This type orf fluctuation appears to be common in the Collembolan

populations of Pritish mineral soils. The earlier workers (e.g.
Thompson 1924, and ndwards 1929), noted low swamer and hizh autumn
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populations, and Ford (1935) found that during the period Octoker
to ilay the population rose to a December maximum, and dropped
sharply to a low level in January. 4 smaller increase was
apparent in February, and this was followed by a gradual decrease
to ilay. Glasgow (1939) also observed high October and December
pupulations. liacfadyen (1952) found that the fluctuations in
fenland were rather different, for here the maximum pOpulafion

occurred in February (iiolinia areas) or iiay (Deschampsia areas),

whilst in the Juncus areas the population was low at all times,
although.a slight increase was apparent in July.

Similarly, in Continental surveys, autunn or earl; winter
maxima appear to be quite general (e.gz. Frenzel 1936, Veis Fqgh
1948 and Schaller l949a), but in wet soils in ilolstein,

Strenzke (1949), found that some species attained their maximum
in July.

In the present study, a point of some importance arises from
the statistical analyses of the seasonal differences, for while
the observed differences were great, statistical significance was
not always evident. Accordingly, although the trend of a
population curve towards a peak and the subsequent drop to a
minimuna, seeas to providé sufficient evidence to establish the
avproximate location of the period of greatest abundance, it
would nevertheless seem undesirable to place great weight on small
observed fluctuations.

Aamongst the rfcari,well defined seasonal fluctuations occurred
only in Oribatei. The highest populations of adult Cribatei
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occurred in October and February, and the lowest in December and

April.  The high October and low April populations thus indicate

a fluctuation similar to that of Collembola, but the low December
pooulation was not generally evident in the latter group.

This Deceuber drop was most marked in Punctoribates punctum,

the December population of this species being significantly lower
than those of Gectober 1951 and February 1952. It was also quite
evident in the analysis of Oribella species, although here the

increase to February was not significant. There are indications

~to suggest that climatic conditions alone were not sufficient to

account for tuis December drop, for, if the higher populations of
February and October 1952 are considered in relation to the
prevailing meﬁeorological conditions, the climatic conditions
which obtained during Iovember and December 1951 could hardly be
considered adverse tou these animals. The following abstract

of meteorological data recorded at Renfrew (about 2 milés distant

in the same valley) serves to illustrate this point:-

Sept.Oct. Nov. Dec., Jan. Feb. Mar, Apl. Sept. Oct.

WMONTH 1951 1951 1951 1951 1952 1952 1952 1952 1952 1952

Total Rain 73 20 159 158 127 32 66 L6 77 111
1914498

slean .ir

Temp. OF 55.3 50.2 46.1 41.2 33.3 38.5 L3.3 48.2 51.0 146.9
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From this abstract it will be seen that falling temperatures
could hardly have been responsible for the drop, for lower
tenperatures obtained during Jznuary and I'ebruary, and, although
excessive moisture might be regarded as a possible cause, this
is also unlikely for the soil was never waterlogged and most of
the species encountered were noted by Strenzke to prefer medium
damp or wet ccnditions, and were in any case euryplastic in
relation to moisture.

Rayski (1945) encountered little seasonal variation in the
Oribatid populations in Lastern Sdotland, but his samples embraced
the surface herbage. .igain, the December drop was not apparent
in ilacfadyen's habitats. In Holstein, however, Strenzke (1952)
found that the population of the upper soil began to decrease in
December, but this was accompanied by an increase of the population
in the lower soil. In the brown earth and rendzina soil near
Vienna, Riha (1951) found that the seasonal fluctuation of adult
Oribatel was charactérized by two prominent minima; these occurred
in February or jarch,and in Septeﬂber, and at these times a decrease
of population was evident in all soil strata. ilaxima occurred in
iiay,and in October or llovember.Riha considered that this fluctuation
was not entirely determined by climatic conditions and she obtained
evidence to suggest that the two minima were related to the
propagation rhythm of the animals and occasioned by a movement of
the animals to other habitats (litter, dead wood, etc.) for
copulation and ezg layingz.

At/



At Glasgow there was a general increase of adult Oribatei
between Decenber and February. This was most marked in
P. punctum, for in this species the i'ebruary population was
6 times that of Dccembgr, and the difference was significant
statistically. In view of the lengthy life cycles of
Oribatei, this increase could hardly have been due to
reproduction in a stationary population. Some movements of
adult mites therefore must have occurred during this time.
These may have merely been movements to and from the deeper soil,
but, there is some indirect evidence to su zest that a migration
to other habitats, similar to that described by Riha, might have
occurred. The possibility of such a migration or Oribatids to
litter and surface herbage, or to other habitats, and the incidence
of immature instars in these habitats presents an important and

interesting subject for future investigation.
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THE S0TeCTs O CULTIVATION ALD IVSECTICIDE TREATMENTS.
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I. INTRODUCTION

The main part of the following account is concerned with
the responses of the population described in the preceding paper
to the synthetic insecticides D.DeT. and B.H.C., applied separately
and together. However, as it was found necessary to incorporate
the materials by cultivation, the effect of digging and reseeding
had first to be assessed, and, in addition, a fallow treatment
was included, for it was thought that this would provide information
on the influence of surface vegetation and would furnish data for
a comparison of the value of cultural and chemical methods for the

control of soil Arthropoda.



ITI. REVIEW QOF PREVIOUS VORK

A nunber of workers have investigated the fauna of arable lard,
and the results of these studies indicate that, in this biotope, the
population is less dense, less complex, and more evenly distributed
vertically than in old grasslande In certain cases, differences of'
a qualitative mature have also been observed. Most of these
differences appear to be related to the amount and disposition of the
organic matter, and to the moisture conditions in the soil. Thus,
Morris (1922&, 1927) noted that the addition of farm yard manure to
the arable soil of Broadbalk and Barn fields at Rothamsted resulted
in a great increase inﬁboth numbers of species and individuals in
the invertebrate population; in fact, the population of insects in
the dunged plots of Broadbalk exceeded that of a Cheshire pasture
previously investigated by the same worker (1920). Thompson (1924)
observed that the removal of the turf resulted in a drastic reduction
of the soil fauna which she attributed to a removal of the food
supply and to the creation of temporary drought conditions in the
upper soils She further observed that, in cultivated land, the
population of the surface 3" hardly exceeded those in strata down
to the 9" level, and in ceftain cases the population even increased
‘with depth down té this point. However, when such land was recolonized
by weeds the population increased in density and variety, and a
surface concentration again became apparent. Thus, although there
is a tendency for arable populations to be less dense than those
of pasture, this is not invariably so, and, in addition to the
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observations of Morris noted above, a notable exception is to 'be‘
found in the results of Edwards (1929)e He recorded that the
population of an arable soil on a light drift area was not much lower
than that of a pasture soil on the same deposit, and was considerably
greater than the populations of pasturé soils on sedentary, boulder
clay, and alluvial areas. In tixis case, the high arable population
was due mainly to Tullbergia gquadrispina, a species which Gisin
(1943), found to be characteristic of newly sown grassland,

With regard to the insecticide treatment of soil, there obtains
a very extensive literature on the use of D.D.T. and B.H.C. for the
c.;ontrol of specific soil Arthropod pests, The latter substance, in
particular, is well known as an extremely efficient soil insecticide,
and, at a rate roughly equivalent to 1 1b, of the gamma isomer per
acre, is widely used for the control of Elaterid and Tipulid larvae
and many other soil pests (e.g. Jameson, Thomas : and Woodward, 1947;
Dawson and Escritt 1946; and Shaw, 1945)e Although probably less
efficient Q.s & soil insecticide, D.D.Te. is extensively applied in
agricultural pest control, and in North America it has been widely
used for tl;le control of the soil dwelling larvae of the Japanese

Beetle (Popilio japonica), e.g. Fleming and Maines (1953)s Both

insecticides have been shown to be extremely persistent in soil.
Jamasonv and Peacock (1952), noted that when crude B.H.Ce (13% gamma
isomer) was worked into the surface 6" of a loam soil at .the rate of
8 1bs. per acre, the material was lost at an exponential rate of 50%
per annum. Fleming and Maines (1953) observed that when D.D.T. was
used at a rate equivalent to 25 1bs. per acre, 97% ard L% of the

original/



original material could be recovered from the soil after 1 and 8 years
respectively.

Despite their widespread use in plant protection little
detailed work has been directed to the possible repurcussions of these
substances on the soil microcosme Keller (1951) investigated the
influence of a proprietory product containing a mixture of D.D.T.
and B.H.C. on the faurna of litter and soil in woodland near Frankfort,
The material was applied as a surface spray at the rate ofl15 ge per
400 m2, and he reported that, w:LthJ.n 4 days, the Arthropoda were completely
exterminated in the underlying litter and soil to a depth of 15 cm.
Recolonization was said to be rapid, and the rate varied indirectly
with the horizontal distance from the edge of the treated area. At
a point 6 m. from the edge of the plot it was complete in 23 days. In
Russig., Grigor'eva (1952) noted that phytophagous and predacious species
in soil were very susceptible to B.H.C. even at low concentrationse On
the other hand she fourd that saprophagous species increased under the
influence of low concentrations and were only adversely affected by
high dosages.

Baudissin (1952) studied the responses of soil microarthropoda
to surface applications of various plant protecting cixemicals in two
arable fields near Kiele He reported that B.H.C. had a destructive

effect on Acari and Collembola, and this persisted for 5 - 7 weeks in

heavy soil, and for 6 - 8 weeks in light soil. A proprietary
preparation containing DeDeTe and B.HeC. Was noted to have an initial
toxic action which lasted for 1} days, but subsequently it appegred to
have a stimulating effect. In a complementary study of the same soil,

Weber (1953) reported that soil dwelling vinsect larvae, Diplopoda, and

Oligochaets/
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Oligochaeta were adversely affected by both B.H.C. alone and by the

conbined preparation. The combined preparation appeared to be more
toxic to earthworms than B.H.C. alone, but in relation to diplopods
and insects the reverse appeared to obtaine.

Richter (1953), investigated the effects of various insecticides
on the soil and litter microarthropoda of a number of forest habitats
near,Bez;lin. Although the ground vegetation was sparse, surface
applications of B.H.C. dusts had little effect, but surface treatments
with suspension and emulsion formulations of this insecticide caused
reductions of mites and Collembola which remained apparent for at least
4 months, Vhen B,H.C. dusts were thoroughly incorporated with the
soil, by cultivation, severe reductions of all forms were obtained,
and the effect persisted for at least ten monthse Soil treated in
this way was seen to be toxic to Drosophila after two years. Vhen
BeHeC. dust was roughly dug in and not thoroughly mixed with the soil,
it appeared to have a stimulating effect and caused an increase of

Oribatei and Collembola. D.D.T. was reported to cause a reduction of

Acari and Collembola, both when applied to the surface as an emulsion,
and when hoed into the soil as a duste

It is appropriate also to consider, briefly, the more important
literature dealing with the effects of these insecticides on mixed
Arthropod communities generallye It is well known that under certain
conditions insecticide treatments can lead to profound and lasting
changes in the composition of Arthropod commmnities, a notable example

being the rise of the Fruit Tree Red Spider (Metatetranychus wlmi (Koch))

to pest status since the introductiom of tar distillate ovicides,

(vide Massee and Steer, 1929, and Blair and Groves, 1952). Following
the/
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the widespread use of the persisbent chlorimbed hydrocarbons,
undesirable changes in the composition of communities have become
increasingly common, and it is significant to note that the Review
of Applied Entomology (Series A) for 1949 contained no fewer than 35
references to reports of increases of various species following the
use of D.D.T., and 8 to similar phenomena attributable to treatment
with Bel.Ce

In the éase of D.D.T., the most frequent are reports of increased
populations of Tetranychid mites. Following its use in orchards for

the control of Codling Moth (Cydia pomonslla L), infestations of these

mites have been widely reported from both Europe and America (Schneider,
1945; Steiner, Arnold and Summerland, 1944, and many others). |
Similarly in Citrus groves, treatment with this ihsecticid.e has commonly
ied. to infestations of Paratetranychus citri Macgregor, (e.ge Ebeling,
1945), while it has also beenreported that D.D.T. favours various
Aphididae (e.ge Ebeling, 1945), some Coccidae (e.ge Debach and Bartlett,
1951) and certain Legidogteré. (e.g. Chandler 1946; and Newson and
Smith 1949)

Disruptions following the use of BeH.C. have been less common,
but heavier populations of various species after treatment have been
reported. Examples are the reports of Gains and Young (1948) who
observed heavy populations of Tetranychid mites on treated cotton,

and Gains and Dean (1947), who considered that the Cotton Bollworm,

Heliothis armigera (Hb.), was favoured by this substance.

Most workers have attributed these outbreaks to the differential

susceptibilities of predators, parasites and prey to the materisals

employed./
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employede There is much evidence to support this view, and the

detailed work of Lord (1949 a,b) on fruit tree commmities in Nova
Scotia is worthy of special note. He observed that DeDeTe, and
several other substances commonly used in plant profection had
extremely adverse effects on various predacious m:j.tes and insects.
Many of these he considered to be valuable agents for the nmatural
control of Coccids and Tetranychids. Similarly, Debach and
Bartlett (1951) studied the influence of insecticides on the
intricate biological control mechanism of Citrus commnities. These
workers concluded that chemical treatments were likely to affect
natural control adversely, not only by their taxic a.nd repellant
action on parasite and predator populations, but also by starvation
of beneficial species, dus to the drastic reduction of host and prey
populationse

¥hilst not minimizing the importance of predators, a éomewhat
different assessment was made by Hueck, Kuenén, Boer and Draafsel
(1952). Having observed an increase of M.ulmi on D.D.T. treated
trees in an orchard from which predators had been eliminated, these
workers found that, in laboratory cultures, low concentrations of
D¢D.T. caused an increase in the egg production of this mite. The
results of two of their experiments were highly significant
statistically, although in others the observed increase in egg
production was not significant, amd at higher concentrations there
was an indication of toxicitye.

From this résumé it will be seen that the reaction of Arthropod
commmnities in general to insecticide treatments presents an

interesting and important problem; and that hitherto, studies of

sucl/
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such phenomena have been mainly concerned with orchard commmitiese
The soil population appeared to present a conveﬁient community for
a quantitative study of these changes, and moreover it also seemed
desirable to obtain information on the particular nature of the

response of soil microarthropoda themselves to these widely used

materials.
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III. METHODS OF STUDY

A, Field Investigations

This consisted of the examination of soil samples taken from
the plots of a randomized block experiment in which there were L4
replicates of 6 treatments. These treatments, allocated at
random within each block, were as follows:-

1. Uncultivated:- representing the original condition of the area.

2. Control:- cultivated and reseeded.
3¢ Fallow:=- cultivated and kept free from vegetation.
L. DeDeTe:= Cultivated, and soil treated with 2 ozs. per

sqe yde of 2% crude D.D.T. dust (75 = 80 pepe
isomer), then reseeded.

5¢ BeHeCo:= cultivated, and soil treated with 2 ozs.> per sq.
yd. of crude B.H.C. dust (135 gamma isomer), then
re-seeded.

6e DeDeTe + BeHeC.:- cultivated, and soil treated with 2 ozs. per
sqe yd. 2% crude D.D.T., and 2 ozs. per sq. yd
255 crude B.H.C., then reseeded.

The plots were reseceded with 1 oz. per sqe. yd. of Perennial

Ryegrass (Lolium peremne)e Each plot was six feet square, and

within the blocks the plots were separated by an uncultivated interwval
of 12 ft., the blocks themselves being 135 feet apart. A diagram
of the experiment is given in Part I (Fig. I, p 33 ).
In the case of treatments 2 - 6,. the plots were dug over
roughly in early Jamuary, 1951, and then left to weather until
late Aprile Cultivation was then resumed and continued until a

fine/
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fine tilth was obtained. The insecticides, previously mixed with
silver sand to facilitate even distribution, were applied on the
17th May, 1951, and thoroughly mixed with the soil to a depth of
9", the control and fallow plots being treated with sand alone.
The plots were then sown, lightly raked, and rolled twice with a
heavy roller. The control and fallow plots all received the same
initial cultivations, and, whenever possible, the operations were
arranged so that all the plots concerned received an approximately
equal amount of cultivation on each occasion, This was considered
necessary in order to minimize the possible influence of time of
cultivations The area was mown when necessary, and the fallow plots
were kept bare by periodic hoeing of the surface soile.

The sampling and e:;traction techniques used have already been
described, Recapitulating, the sarmpling prograrme consisted of
two, 2" diameter cores per plot taken on the following dates:=
9th June, 1951, 16th Oct. 1951, 14th Dec. 1951, 20th Feb. 1952,
18th April, 1952, and 17th Oct. 1952. The June samples were
subdivided to represent two strata, w}iz. 0=3%", and 3-9" deep, while
subsequent samples were only 6" deep and undivided,

Be Laboratory Observations.

1« Toxicity tests.
The desirability of supplementary laboratory observations on the

relative susceptibilities of the major Arthropod groups, to the
insecticides used, becams evident after a preliminary examination of
the field population in Autumn, 1951, The technique used was that
divised by Martin and Wain (1945), and consists of preparing standard

solutions/
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solutions of the insecticides in a volatile solvent (e.g. acetone),
and pipetting required quantities on to filter paper. The solvent
evaporates quickly, leaving a deposit of known weight on the filter
papere For the purpose of these tests, standard acetone solutions
of pure p.pe D.D.T., and 99% gamma B.H.C. (Lindane) were prepared,
and used at various rates to treat circles of filter paper 2" in
diameter. The Arthropoda to be tested were confined on these
papers in 2" diameter Petri dishes. The number of animals used in
each test varied and was dependent largely upon the ease by which
they could be extracted alives To eliminate the possibility of
testing resistant strains, animals from insecticide treated plots
were not used, and the material was collected from untreated areas,
and in some cases from other localities.

2. Observations on the effects of D.D.T. in the absence of predators.

The_ necessity of these observations became apparent after the
publication of the work of Hueck et.al {1952) on the influence of
D.D.Ts on the oviposition rate of M, ulmi; for it was thought that
the increase of Collembola, which had been observed in the D.D.T.
plots, might possibly be due to a similar phenomenon. Owing to
the experimental difficulties of culturing sufficient numbers of
Collembola under strictly controlled conditions, and the great random
variation which obtains in populations reared by less stringent methods N
the assessment of this factor constitutes a major problem, and the
observations undertaken in the present study were not sminently
successful.e Attempts were first made to culture Onychiurus species

and Tullbergia krausbaueri on moist filter paper in small dishese.

Various food materials were tried, and the most attractive appeared

to/
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to be moist decaying potato tuber fragments. Although eggs were

laid in some cul‘tureé the method was too uncertain for experimental
purposes. Similar difficulties were experienced with H. denticulata
on decaying beech leaves. This method was then abandoned and
experiments in which Collembola were reared in an environment from
which predatory forms had been eliminated by sterilization were laid

domme The first of these, in which H. denticulata was kept in

sterile compost was a complete failure owing to the non-survival of
animalse In the second, T.krausbaueri, and Onychiurus species were
reared in a sterile soil composed of equal parts by weight of

farmyard mamwre, and light soile After sterilization in an autoclave,
150 gme quantities of this material were mixed with 4 different rates
of 2% crude D.D.T. dust, and placed in 3" potse 50 individuals of

Onychiurus spp. and 50 individuals of T. krausbaueri were than added .

to each pot and the tops of the pots covered with cellophane., After
perforating the cellophane covers with a fine needle, the pots were
Placed in petri dishes of water in a closed wooden box, and kept in

a glasshouse at 18°C. The rates of application (wt. of 2% D.D.T.

dust per 150 gm soil) were as follows:= O (éontrol), Oel ge, 0.2 gm.,
and O.4 gms There were 4 replicates. After 15 weeks the animals

were extracted by means of a series of Tullgren funnels,
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IV. RESULTS

Meld Investigation

Barly Bffects. June 1951

The details of the population at this time (23 days after
treatment with the insecticides) are given in Census Table 1l...
Appendix III. For reasons previously noted these samples were.
considered separately, and, in the method of analysis adopted,
degrees of freedom were apportioned as follows:-

Trezatments 5
Blocks 3

Interaction treatments x blocks - 15

‘Depth 1

Interaction depth x treatments 5

Interaction depth x blocks 3
Interaction depth x blocks x |

treatments _15

~Total 47

The plot totals for analysis were obtained by summing the
square roots of the populations of the upper samples (0 - 3"),
and the square roots of half the populations of the lower samples
(3 - 9"). lach sample population thus represented the number
of animals per 1l54.L cc.s. of soil; there were 4 such samples
(i.e. 2 upper and 2 lower) in each plot, so that the treatment
totals represented the number of animals per 16 x 15L.k eces of
soil. In Table 1. the treatment densities are represented as a

percentaze/
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TABLE I

COMPARISONS OF POPULATIONS IN THE UPPER 9" OF SOIL, JUNE 1951
Control Populations = 1000

Group or Species Undug | Fallow| D.D.T.| B.H.C. g:g:g:
Total Collembola ‘ 159.2 | 40.8 | 155.4 35.4 46.1
Total Euedaphic Collembola 192.7 | 41.8 | 167.3 | 35.4 49.1
Total Tullberginae 245.7 | 57.1 | 391.4 28,6 54.3
Tullbergia krausbaueri | 280.9 | 95.2 61.9 33.3 42,9
Tullbergia crassicuspis 178.6 0 885.7 21,4 T1.4
Total Onychiurus spp. 310.0 | 80.0 | 160.0 70.0 65.0
Isotomodes productus 8.7 | 19.1 23.4 2%.4 44,7
Folsomia candida 237.5 | 12.5 50.0 50.0 12.5
Total Hemiedaphic Collembola 231.2 | 43.7 | 100.0 31.2 31.2
Total Oribatei 160.2 [ 114.1 51.9 92.2- 4.3
Punctoribates punctum 101.5 | 96.2 48.1 90.1 71.8
Minunthozetes semirufus 277.3 | 150.0 68.2 86.4 90.9
Total Oribella spp. 225.0 {150.0 62.5 | 150.0 | 100.0
Total Immature Oribatei 425.0 | 25.0 50.0 7.0 25.0
Total Acaridiae 620.0 |100.0 | 140.0 | 200.0 | 220.0
Rhizoglyphus echinopus 933,3 | 66,7 | 200.,0 | 166.7 | 200.0
Total Other Aceridise 150.6 {150.0 | 50.0 | 250.0 | 250.0
Total Mesostigmata 200.0 | 51.7 78.3 65<5 3363
Total Rhodacaridae 158.3 | 38.9 88.9 66.7 36.1
Rhodacarellus epyginialis 148.4 | 29.0 87.1 48.4 35.5
Tot. Known Pred. MESostigmafg 283.3 |116.7 50.0 66.7 50.0
Total Pergamasus spp. 266.7 [100.0 | 100.0 | 100.0 | ©

Total Immature Mesostigmata 185.7 | 57.1 | Tl.4 | 64.3 | 14.3

! Total of 3 species:- Acarus siro, Coelognathus castellanii, and Glycyphagus
destructor.
2 rotal of 5 species:- Veigaia nemorensis, Pergamasus runciger, P. misellus,

Digamasellus reticulatus and Hypoaspis aculeifer,
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percentage of the control density, and the results of the analyses
of square root transformed data are sumnarized in Table 2,
standard errors being givea when significant values of 'F' were
obtained.

..uch randoa variation was encountered and at this time the
pooulation generally was at a low level, consequently comparatively
few significant treatment couparisons were evident. Vith some
exceptions, the 'observed'! trend of the results consisted of a
drastic reduction of populations due to cultivation alone, and
further smaller reductions in the fallow and insecticide treated
plots. In most cases‘significant differences were obtained only
in comparisons of the uncultivated population with those of one or

more of the cultivated plots. There were however exceptions;

thus, in the case oi Total _lesostizmata, whilst the uncultivated

population was significantly higher than those of all the other
vlots, the éoPulation of the -plots treated with D.D.T. + B.I.C.,
was significantly lower than those of both the control and the

plots treated with D.D.T. alone. In the khodacaridae the

couparison uncultivated with control was not significant, but a
significant reduction was evident when the control and D.D.T. +

B.H.C. populations were compared. ' In both Total ilesogtigmata, and

Total Rhodacaridae the fallow populations were siznificantly lower

than those of the countrols.
In many analyses, a significant value was obtained for the
interaction of trcatments with depth, thus indicating that the

responses of the populations to the treatments were not the same

iq/‘
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ANALYSIS OF VARIANCE. DATAR OF 9" JTUNE [951.
v Treatment Totals of .Siuare Root Transformed Dato, Values of ‘F ‘for Treatment
Comparisons and Standard Errors of Treatment Totals.
2 Values of 'F' for the Interaction of Treabtments with DEPth.

. D.D. T+ Treaks. 4 Inter
group or Species Pndua Fatlow Cogttol D DT B.H.C. BH.C| F’ ,T~S.E.- b
Total Collembola CB2e23|arinalds-360|astosl20ns 240600 3-60| 6515| 1-93
¥
Total Euedaphic Collembola  [50:609|19-073 (30615 |32:44) |/T421|21-563| 3-kh| b-b84 <]
Total Tu“berﬂinae 28693 [10-4.99] /4691 ]23-030] b-121 [/0-26T| 2.09] - 74
' \ ¥
Tu.llbersia kraus baueri 22:93010-499 {11785 | 81Tk |Hhtn | b121 | 3-9713-311 | /-28
Tullbergia crassicuspis lrosun{ o 22018756 | 1-T0T |4-560 ) r&T| - 168
Total Onychiurus spp. 19548 | 8560|8212 |11-588| 757/ | &702| 260| - | <
Isotomodes productus 3235 3732 [13.550| T34 | 5675 | 9-452| r0a | - 59
Folsomia candida 7396 | 0-707 | 4-853{2-000|2-4i4 | t.o00O| 135 - </
. 1) #|
Total Hemiéclnyh(c Collembola. 11761 1500009300 9681|3414 | 3121 | 478 | 2536 | 453
) W
Total Oribatei 53.508 |47.761 45038 |29-426 |40.601 |36-TL8] 138 | - 693
%%
Puncteribates punctum 31374 [32927|33-399|21-530|31-834 [26:923] </ - 539
¥
Minunthojetes semirufus 30-069 {22481 |1T-904 | 13-031 [l4-880 16:97T| 19 - 454 .
CEE
Total Oribella spp. 624 | 7-535| 621 | 3-828|6-828|3-450| 2-09] - 7-76|
|
Total Immature Oribatei 8236 l-000}2-707 | /-000 [-7oT7 | tooo | 218 - 384
Total Acaridiae h-699 | 4121 | 3bith | 4-853|5785 | 7681 | 236 | - ‘ 41
th,oﬁlsphu.s echinopu_s 56| 70T {2414 44393040 |4-535] 206 | - 175
Total Other Acaridiae *~°  |2707 |2414|2000 15000 [263q(314b ]t | - |
Total Mesostismnti ' 36-195] 1461 T} 230051 [9-1T {/6-854|10-07T8)] 1310 |2-500 | 3-49 | |
N . X — ‘
Total Rhodacaridae 22274 6-%6#!&4—87 13217 [13-A7T3]| T-{21 | 54k |2 460] <f
thaca.re”us gpﬁil\ialis : 1'7-‘"5 4-639]12:237]10-803 8~Q85 b535) 226 - | <l ‘
' ‘ ®E€| . 3
Total | Knaun.' Predacious 5. 12.095]| 5-242) 3.828] 2-000| 2. 70T | 1707 | Y-00 | 1125 | 399
Mesostigmata - , i o SR s !
. ] ®]
;Totq.l Persq.ma.sus spp. e kb | b1k 2020 (2000|1707 0 | LT - T 423
"Total Immeakure Lo N P R Y LR EX T
Mesostigmata 4362|5828 | 9.078| b-4yih] 5346 Faih | 395 | 2182 899

. "Dejrees o”reedom-n:S na.l5 Stsmfncance Iearels mdu:atad Ehus:~ P 005“ P OOI** p OOOI%** )
2 I5DFValueSofJ§.t |>0053OI3 po-ol, 4167 poool §159. S
3 Degreesoffreedom n:§, n1a15 b ‘_z" Loy 3 SR RN V’

& Totols of 3 spec:es- Rcarus siro Coeloﬂncthus r.a.stella.nu. andgiicxphﬂus destructor
. 5 Totals of § species: Velsam nemerenss Perjnmqsus Funciger, Pmisenus BERREFEENE
. ) .3 Dusamnse“us retuulatus and! HSPOQSPIS dcu.leufer N e f i

; : - .o o ook
5 ! ' . L P : o R o
! . -l - T T U
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in both strata, and that as a result of this the nature of the
vertical distribution of the animals might have been altered

by the treatments. Cases in vhich this interection was
sigzniiicant were examined further, and the results are rccorded
in Tables 3 and 4. In Table 3 it will be seen that significant
reductions due to cultivation were confined to comparisons
betwesn upper pooulations, and thé data in Table L indicates that
in some cases, and particularly in the Cribatei, there was a
tendency towerds a more even veriical distribution of animals

in the cultivated plots. appreciable populations of il. semirufus

cnd 2. _punctum were encountered, and in both these species a more
even vertical distribution was evident in the cultivated soil.

In the latter socciles,moreover, the populations in the lower stratum
of all cultivated plots, with the exceptions of those treated with
D.D.%. icre significantly highér than the lower stratum populations
of the uncultivated plots, aﬁd it is stranze to note that in this
stratum the D.D.1T. populations was significantly lower than that
treated with B.H.C. In the remaining groups and species recorded
in ‘'able L, and particularly in the case of hemiedaphic Collembola,
the occurrence of a significant interaction of treatments with
depth could be attributed larsely to the paucity or absense of
animals in the lower stratum of zll plots.

Subsequent Trends. Cctober 1951-October 1952

The details oi' the population on the 5 subsequent saupling
occasions, viz. Cctober and December 1951 and IFebruary, April
and Cctober, 1952, are presented in Census Tables II - VI...

.opendix/
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TABLE 3
“INTERACTION OF TREATMENTS WITH DEPTH

t

Treatmeat Totals of St;mare Root Teansformed Data

2 (5 DF Valuesof JA L+ po- oe 3-013; po-ol A»/b'rJ po oo( 5759,

3 Tatals of Sspecies = Velsaia. nemorensis, Perscm\msus mmser P m.lSQHu.S, Dcsam.a-sei(gxs r‘ehcu.latus, N

and ijoaspns acul&fer

Sréup or Species |Depth Und.dﬂ Fallow |Coatrol | 80T | BHC. gzz* ‘F‘L '5_5_1'
Total Hemiedaphic 0-3° |15347] §o00| 9300| 5i4b| 10c0| ikik st2lzz 7
Collembola 39 | 24i4 O o 4535 241 4| 1vot|r71| -

To tal 0-3 434672{30973[26824|18665[18827|19084 3-4? 5347

Ori ba tei 39 ) 9896lie188)iazialioTet 2T TR{I L8422 -
 Punctoribates | @3 RE4ALI201 4212001 7I3BTC|/ 4T BRI 48B4 I52] -

puactum 39 | aezslizrss|iazzo| 8154]17052|i343937012429
Minunthogetes | &% RA7/6|15237 210l T8E63| 70951012k 421|331

Semirufus 39 5'.353 T1084] 9b94) 5168 7785] 6-883|<l -

. Total = . 03" /0210 441L4] 3000| 3828 2000| O 6-2? 1376
Oribella sppr 39| 4kt k] 3121 3121] 0 4#828| 3-450|185] -
Total Immatire: | ©3° | 8236} 1000] [000] 0 o tooo 3-2t 178 &
Oribatei: 9" o o] 1707l 1000y 1-707} © [N

% ER
Total | 0¥ RRI4e| 58631091 3] 7414 L581| 2000|F52R360
MQSOStiSrT\;atCL ‘ 39" 113249 5754j12092 ’./.70 3l/0303] 8078]|/86] -
3. TOE
Total Known 0-3" | 89 7k| 241 4] 0 ‘1rooo] )o ool o %9) 1.”,,‘4,
Pred. Mesastigmata: 3-9"| 3121] 2828 3.828| 1000| 1707 1707 134] -

- Totat: 03" | ¢r4b] 1707f 0 rooo| o 0 3-\2; 1320
.PEFSCL[YLG.SU.S' spb.-_ 391 o 0To 7| 2121t} 1000 /-;7 07 o /:43 .
Total Tmmatire | O3 |/ 2655 2000l 4732 Zooof 1000l o |9TT7|I487
Mesost:tgmata; | 39| 1707 3828 #34»6 g '4»-'346 ,'f'#lip'f:-l_'z -

- Desrees af freedom,' n:§, n, =15 SLSRLfICQI'lCQ leuela mdlcqted thu.s - PO 05 f’° ol pO 001
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TABIE 4

INTERACTION OF TREATMENTS WITH DEPTH

Percentage of Sampled Population (9" Deep) Located in the Upper 3" of Soil

Group or Species Undug | Fallow | Control| D.D.T. | B.H.C. g:g:g:
Total Hemiedaphic Coilembola 89.2| 100.0 | 100.0 43.7 20.0 40.0
Total Oribatei 87.6| 59.1| 50.5| 50.5| 29.5 39.2
Punctoribates punctum 92.5| 57.1| 55.7| 46.0| 29.7| 39.4
Mimmthozetes semirufus 84.4| 57.6| 31.8| 46.7| 39.5| 47.5
Total Oribella spp. 88.9 41.7 37.5 | 100.0 16.7 0
Total Immature Oribatei 100.0 | 100.0 25.0 0 0 100.0
Total Mesostigmata 57.5 3243 31.7 17.0 23.7 10.0
Tot. Known Pred. Iesostigmatz: 70.6 | 42.9 0 33.3 | 25,0 0
Total Pergamasus spp. 100.0 66.7 0 33.3 0 -
Total Immature Mesostigmata 88.5 5.0 42,9 20.0 11.1 0

LTotallof 5 species:~ Veigaia nemorensis, Pergamasus

runciger, P. misellus,

Digamasellus reticulatus and Hypoaspis aculeifer,
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he samples taken at these times were all the

¢ f

Sppendix ITI. 1
dame size, and, initiallj, the populations of a number of the
uore important groups and constituent species were each subjected
to a single grand analysis over all five occasions; further
examinations bein; undertalzen when the results of the initial
analysis indicated such a course to be necessary. In the case
of tne groups and species selected for analysis, the treatment
totals of the untransformed data for each sampling occasion are
presented in Summary Tables 4 - 3 (4ppendix II). The 120 plot
totals for enalysis were obtained by summing the square roots of
the 2 original saaple populations in eadh plot, and the 119 total

degrees of ifreedom thus available were apportioned as follows:-

“reatments 5
3locks 3
Times of sampling : L
Treatments x blocks 15
Blocks x times 12
Treatments x times .20

Treatments x blocks x times 60

The mean square for treatments x blocks was used as the
denominator for assessing the significance of treatment differences,
and the 2nd order interaction (treatments x blocks x times) mean
square was used as the denominator for assessing the significance of
the treatments x times interaction.

4 comparison of the avera;e populations of each treatment is
presented in Yable 5. Ilere the averagze populations of each

treatment /
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TABLE 5
DATA OF OCTOBER 1951 - OCTOBER 1952

COMPARISONS OF AVERAGE POPULATIONS
Control populations = 100.0

Group or Species Undug | Fallow| D.D.T. | B.H.C. g:g:g:
Total Collembola 120.5| 20.4 | 210.3| 33.3 | 85.1
fotal Euedaphic Collembola 127.1| 18.0 | 229.8| 22.5 | T4.7
Total Tullberginse 1150.0 | 27.8 | 457.7| 38.6 | 130.4
Tullbergia krausbaueri 178.4 | 31.8 179.9 | 34.8 45.1
Tullbergia crassicuspis 7.2 | 21.2 | 1497.5 59-7 462,5
Total Onychiurus spp. 145.3 | 15.8 | 217.0 | 22.3 | 58.7
Isotomodes productus 85.7 8,5 5242 8.5 573
| Folsomia candida 132.8 | 17.2 96.9 | 15.6 22.4
Totel Hemiedaphic Collembola 105.9 | 21.8 153,4 | 64.4 | 112.1
Total Oribatei 366.0 | 58,5 60.4 | 29.2 36.1
Punctoribates punctium 243,1 | 57.5 54,9 | 38,6 44.4
Minunthozetes semirufus 419.0 | 51.3 41.8 | 22.1 | 15.0
Total Oribella spp. 596,53 | 29.6 | 122,2 | 18,5 | 18.5
Total Immature Oribatei 500.0 | 9643 T4.1 | 22,2 | 8l.5
Total Acaridiae | 171.2 | 42.0 52.0 | 22,0 | 290,0
Rhizoglyphus echinopus 377.1 | 33.3 143,7 | 45.8 | 39.6
Total Other Aceridiae 1223 | 44,1 | 30,2 | 16,3 | 349.5
Total Mesostigmata 203.2 | 56,0 37.4 | 29.3 | 12.4
Total Rhodacaridae 217.6 | 40.2 47.2 | 19.5 11.9
Rhodacarellus epyginialis 232.1 | 37.0 79.0 | 18,5 14.8
Tot, Known Pred. Nesostigmata | 274.1 | 44.4 | 29.6 | 57.4 | 14.8
Total Pergamasus spp. 284.8 | 54.5 36.4 | 87.9 15.1
Total Immature Mesostigmata 144.4 | 90.1 34,6 | 27.2 9.9

"Potal of 5 species:- Acarus siro, Coelognathus castellanii, and Glycyphagus
destructor,
?potal of 5 species:~ Veigaia nemorensis, Pergemasus runciger, P. misellus,

Digamasellus reticulatus and Hypoaspis aculeifer,
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treatment over the 5 occasions (untransformed data) are

represented as a percentaze oif the respeétive control poéulations.
The significance of these differences is noted in Table 6, where

the results of the statistical analyses outlined above are summarized.
ilere, values of 'P' for the treatment comparisons, and for the
interaction of treatments with time, are given. The treatment totals
over the 5 occasions noted in this table refer to square root
transformed data, and, in cases where a significant value of *'I!

was obtained for treatment comparisons, the standard errors are given.

These results can be conﬁeniently dealt with under two headings

(a) lain effects, i.e. overall treatment differences, and (b)

The intefaction of treatments with time. In Table 6, the analysis
of the differences between treatment totals is an assessment of the
significance of the average response of the population over the 5
occasidns; waile the value of 'P' for the interaction treatments x
times is a measure of fhe significance of the extent to which the
effectiveness of the treatments varied according to the time of
Sampling.‘ A significant value for this interaction indicates that
the effectiveness of the treatments varied significantly from one
occasion to another; consequently, in such cases, further

examination was necessary.

a. llain Effects (overall treatient differences)

Of the results noted in Tables 5 and 6, the more important

" arc as follows:-

1.Colleubola

2. With the exception of I. productus and T. crassicuspis,

there/
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there was an coserved reduction in the population due to
cult ivation and re-seeding alone, This reduction was greatest

in T. krausbaueri where the averaze population of the uncultivated

plots was 70, rreater than the control. In the case of I.productus

and T.crassicuspis cultivation alone resulted in observed

 posulation increases of 17 and 40 respectively. In no case,
however, was there a statistically significant difference between
the unoultiéated and control populations.

b. In all cases fallowing resulted in severe population

reductions, and with one exception, viz. T. crassicuspis, which

showed a non-signifiicant reduction, the populations in the fallow
plots were significantly lower than those in the control.

c. With the exception of I. productus and F. candida,

treat.nent with D.D.T. resulted in observed increases in the
population. Taking Collembola asg a whole, the population in the
D.0.T. plots was 110j, grcater than that of the control. The

sreatest increase however was shown by T. crassicuspis; the

population of this species in the D.D.%7. plots being nearly 15
times that of the control. 1In the latter case however the
variation was su grceat that this difference was only significaht
at thz 57 probability level. The differences between the control
and D.D.T. populations were statistically significant in the

followiny cases:~ Total Collembola, Total Buedaphic Collembola,

Total Tulilberinae, T. crassicuspis, and Total Hemiedaphic Colleabola.

d. In all cases, treatuent with B.H.C. resulted in a marked

reduction of the population, and, with the exception of Total

lullberginae and T. crassicuspis, the populations of the B.H.C.

plots/
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plots were significantly lower than those of the control.
. Moreover in the analyses of major groups vize. Total Collembola,

Total Euedaphic Collembola, and Total Hemiedaphic Collembola,

the population of the B.H.C, plots vas significantly lower
than those of all the other plots in the experiment, with the
exception of those receiving thF fallow treatment,.

ee In all cascs the populations treated with DeDeTe + BeH.Ce
were obscrved to be highcr than those treated with B.H.Ce alone.

n the analyses of Total Collenbola, and Total liuedaphic Collerbola,

the populations of the plots receiving both insecticides did not
differ significantly from the control, were significantly higher
than those treated with B.l.C. alone, and significantly lower than
those treated vith DeD.T. alone, Only in one case, viz.

T. krausbaueri was the DeD.Te + B.ll.C. population significantly

lower than the control.

Acari, Oribatel

Unlike Collermbola, the responses of these mites to the
treatmnents were such that Significant differences between the
population totals over all occasions were infrequent; +this being
particularly so in relation to the influence of insecticides.
Ilowever the results of the analyses of Oribatid populations were
outstandine by virtue of the frequent occurrence of significant
values for the time x treatments interaction, and thus their
responses to the treatments have to be assessed in roelation to
the results of the further examination described helow. The

overall effects of the treatments can first be swmarized briefly

as/
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as follows.

a. Cultivation resulted in a great reduction of the population
and in all cases the control populations were éignifiéantly
lower than those or the unqultivated plots.

b. “hile the populations of the fallow plots were in all cases
lower than the controls, in no case was this diiference significant.

c. with the exception of Total Oribella spccies,‘treatment
with D.2.7. rezulted in an 'observed' reduction of the population.
Iowever,no significant dirflerences could be attributed to this
treatment.,

d. 3Jevere reductions in the ponulation were observed in the

DodI.C. plots, but only in the case of i, semirufus was the difference

control = 3.1L.C. siznificant.
e. The D.D.T. + 3.H.C. population was always less than that of
he control, but this differcnce was significant only in the

analysis of .l. semirufus. when compared with 3.H.C.

population, the population of the plots receiving both insecticides

-

showed a further reduction only in the case of .I. semirufus;

in the case of ilumature Cribatel it was congiderably
hisher, whilst in the remainin; cases it was either similar or
slijhtly higher. In no casc wag there a sigznificant D.D.T. +

Ty el

SetleU. = BUI,C, cuuamarison,
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Acari, ~caridiae

The examination of the data for this group of mites yielded

significant results only in the analysis of R. echinopus, and

here the uncuvltivated population was the only one which differed
siznificantly {rom that of the control. The remaining non-

siznificant responses werce briefly as follows:-

a. Cultivation alone reduced the population. (This reduction was

due almosgt entirely to the response of R. echinopus).

b. 4 further sencral reduction was apparent as a result of
fallowing.

c. In the case of R. echinopus the D.D.T. trcated population

was L) higher than the control, whilst the population of "Cther
Acaridiae" was reduced by this treatment.

d. In all cases treatment with B.H.C. resulted in a reduced
population.

e. The R. echinopus population wag low in the D.D.T. + B.H.C.

plots, but "Other Acaridiae" attained their greatest abundance
in these plots. This high level however could be attributed to
the occurrence of a large ayggregzate of these mites in D...T. +
E.H.C. plot of Block 4 in October 1952.

scari, liesostigmata

a. Cultivation alone was obgerved to cause a reduction in the
population of all these mites, the total density of the
;iésostigmatic population of the:Bhltivated soll being more than
twice that of the control. 3ignificant control - uncultivated

coaparisons were evident in all but two cases; the exceptions

being/



~127=

being R. epysinialis and Total Imnmature liesostignata.
b. rallowing resulted in a further general reduction, but
significant fallow - control comparisons occurred only in the

analysis of Total Rhodacaridae, and R. epyginialis.

c. The pOpulations of the D.D.T. plots were in all cases
observed to be lower than control. In the analyses of Total

iesostipgmata, Total Known Predacious iiesosticmnata, and Total

Lanature ..esostismata, the recduction due to D.D.T. was

Tergamasus species this

significant. In the analysis of
difference did not quite attain the 5% level of significance,

whilst in Total zhodacaridae, and R. enyginialis it was not

significant.
d. A reduction due to B.H.C. was evideant in all cases, and
was significant in all cascs except Total Known Iredacious

swesostignata, and Total Pergamssus. species. In the latter s .ecies

the observed reduction attributable to t.is treatment was onlyt2.c.

e. The lowest populations of .lesostigmata obtained in the

plots treated with both insecticides, and in all cases the
population of the D.D.T. + B.H.C. plots were significantly lower

than the control. In the analysis of Total liesostigmata, and

Total Immature .lesostigmata this population was significantly

lower than those of all the other plots except those treated with
B.H.C. Zurthermore, siznificant reductions in comparisons with
populations treated with B.H,C. alone were evident in the analyses

of Total Known Predacious .iesostigmata and Total Pergamasus

species.

b./
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The interaction of treatments with time

In a number of analyses significant values of 'IF'' were
obtained for the interaction of treatments with tiue, thus
indicating that the response to the treatments varied
significantly according to the time of sampling. Hence, in
these cases, overall analyses of treatment differences are in
themselves inadequate. Where appropriate therefore, the data
were analysed ceparately for each of the five occasions, and,
depending on the results of this, a further examination was
made, particularly in relation to the question of recolonization.
In this paper, this tera is used in a wide sense to designate a
process vhereby a community is restored to its original condition,
and hence not of necegsity consisting of an increase of
population. The possibility of the occurrence of progressive
changes of at least two types has to be considered, viz. the
recolonization of the re-seeded control plots, possibly leading
to the restoration of the uncultivated community; and the
recolonization of the insecticide treated plots, possibly resulting
in approximations to the control or even to the uncultivated
population., It is also important to note that whilst the absence
of significant recolonization (over the October 1951 - October 1952
period) is shown by a non-significant interaction of treatments
with time, the occurrence of a significant value for the latter
is not necessarily an indication of the significance of the former,
for other changes, e.g. further divergence, could influence the

value of this mean square.

where/
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Where an initial comparison of the treatment responses of
October 1951 with those of October 1952, suggested the possibility
of recolonization, or further divergence, an assessment of the
significance of these changes was made. This was done by tabulating
the October_ 1952 and October 1951 populations for each plot
(transformed data), and using the differences (October 1952 minus
October 1951) as a measure of the annual rate of change of the
populations of each plote A "between plots" analysis was then
made, and the significance of treatment differences assessed.

The main results of these elxaminati,ons can be summnarized as
follows:~-

Collenbola

1,Total Hemiedaphic Collembola (Fig. 1. Tables 7 and 8)

This was the only constituent group of "Total Collenbola'

in which the times x treatment interaction was significant.

a. The analysis of the October 1951 data revealed no significant
comparisons |

be At no time was there a significant difference between the
uncultivated and control populationse

ce The fallow population was significantly lower than the control
on the last 4 sampling occasions,

de The D.D.T. treated population was observed to be higher than
the control at all times, but this difference was only significant in
April, 1952,

ee Treatment with B.HeCe induced significant reductions only

in April and October 1952,

fo/
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TABLE 7

INTERACTION OF TREATFENTS WITH TIME
TOTAL HENIEDAPEIC COLLEMBOLA

. Population Comparisons for 5 Occasions

E Total Treatment Comparisons Control = 100.0
i Date Control : D.D.T.
_ Population | Undug Fallow | D.D.T. B.H.C. | B.H.C.
Oct. 51 85 4.1 36.5 97.6 41.2 63.5
Dec. 51 97 109.3 14.4 157.7 719.4 229.9
Feb. 52 49 167.3 18.4 185.7 159.2 120.4
Apr. 52 43 79.1 27.9 269.8 37.2 51.2
Oct. 52 97 111.3 | 15.5 129.9 34,0 59.8
TABLE 8
INTERACTION OF TREATMENTS WITH TIME

, o TOTAL HEMIEDAPHIC COLLEMBOLA
A. ANALYSIS OF SQUARE ROOT TRANSFORMED DATA FOR 5 OCCASIONS

: Treatment Totals

| Date | Undug | Fallow | Control | D.D.T. | B.E.C. .g:g:g: I F | S.E.
Oct. 51.| 21.616 | 14.958 | 24.582 | 25.655 | 15.911 20,652 | 1.71 -
Dec. 51.| 28,795 | 8.878 (22.912 |30.634 |21.955 | 40.639 |5.88 | 4.372
Feb. 52 | 25.985 | 5.650 |18.568 |23.741 |20.940 | 20.479 |5.18 | 2.991
Apr. 52 | 12,968 | 7.560 |18.363 |27.730 | 8.974 | 10.828 | 9.26 | 2.478
Oct. 52 | 27.929 | 9.828 |25.322 |30.492 |13.651|19.582 |5.44 | 3.521

B. ANALYSIS OF ANNUAL RATES OF CHANGE OF SQUARE ROOT TRANSFORMED POPULATIONS
v Treatment: Totals

. 4
Undug | Fallow Control D.D.T. B.H.C. g'g'g' VR
+60 313 -5'130 "'00740 +60837 -2.260 "004‘70 1015

'Degrees of freedom ;-

L P = 0.05% p - 0.01" p - 0.001%**,
15 D.F. Values of 2t :- p - 0,05, 3.013; p - 0.01, 4.167; p - 0.01, 5.759.

n - 5, n,- 15. Significance levels indicated thus:-
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f. An interesting response was evident in the population
treated with the mixture of both insecticidecs. This population
increased in December, 1951, to a point 1305 hizher than the
control, the difference here being significant at the 5,
probability level. The population then fell, and in February
was similar to the control, while in April it was significantly
lower than the latter. ™inally, in Cctober 1952, the D.D.T.

+ B.H.C. population was still lower than the control only at this
time the difference was not significant.

e vhen compared with the responses in Cctober 1951, the
rgsults for D.D.T. and tor B.H.C. in October 1952, suggested some
slight further divergence from the control. The analysis of rates
of annual changey however,revealed no significant difference.
Oribatel

l.runctoribates punctum ('ig.2. Tables 9 and 10)

a. Significant differences were obtained only in the analyses
of the Cctober 1951 and Cctober 1952 data.

b. In Cctober 1951, the uncultivated population was over 3 times
heavier than the control, the difference here being siznificant at
tlie 17: probability level. This was the only occasion on which the
uncultivated{- control coaparison was significant. The seasonal
fluctuation of the control was much less marked than that of the
uncultivated population.

c. The fallow population vas at-all times lower than the control
but oa no occasion were the differences significant.
d. The D.D.T. population differed significantly from the control

only/



~133~

401 '
1504 llp
/”
304
Z1001 \\o
°
e
. L4 204
; . | b
; .2
! Q
! Ne)
| Q.
i i 80+ \
; e 10
g
[} -+ Y T —-r 1 (=] y T v r — i
OCT DEC FEB APR ocr OCT DEC FEB  APR ocT |
195 1952 1951 1952
gXIEUgTIVATED B D.D.T.
' LOW & NTROL o----9
- A ConTROL o0 CONTR
40 401
2 P
| 301 301
z -
o
i
320 20
=2
Q.
(o] ]
P W
| 104 1.2
o L L L L] '.. O T LA L] Ll '
ocCT DEC FEB APR ocCT ocCT DEC FEB APR ocCT
t9s) 1952 1951 1952
C B.HC. —_— D D.D.T. & B.HC.

CONTROL ©o-----0 CONTROL @----0

~—

| FIG, 2. INTERACTICH OF TREATMIITS VITH TIME. PUNCTORIBATES PUNCTUM.

Points differing significantly from control indicated thus:-
P - 0.05F p - 0,013°



TABLE 9
INTERACTION OF TREATMENTS WITH TIME

FUNCTORIBATES PUNCTUM

Population Comparisons for 5 Occasions

Total | Treatment Comparison Eontrol=lO0.0_
Date Control D.D.T.
Population "Undug | Fallow D.D.T. B.H.C. | B.H.C.
Oct. 51 37 329.7 | 62.2 27.0 13.5 | 32.4
Dec. 51 26 80.8 | 53.8 46.1 73.1 100.0
Feb, 52 27 444.4 | 63,0 29.6 14.8 14.8
Apr. 52 25 256.0 96.0 116.0 124.0 96.0
1oct, 52 38 118.4 26.3 65.8 0 5e3
TABLE 10
INTERACTION OF TREATMENTS WITH TIME
PUNCTORIBATES PUNCTUM
A. ANALYSIS OF SQUARE ROOT TRANSFORMED DATA FOR 5 OCCASIONS
| Treatment Totals |
- Date | Undug |Fallow |Control | D.D.T. |B:H.C. g:g:g: B | S.EY
oet. 51 | 27.827 |10.049 {14.625 | 4.000 | 3.732 | 6.796 | 12112 2.622
Dec. 51 | 10,145 | 7.792 | 9.636 | 8.292 | 8.553 [13.245 | <1 | -
Feb. 52 | 22.522 | 8.614 | 8.422 | 5.414 | 2.732 | 4.000 | 2.19| -
Apr..52 | 19.119 [11.519 (13.032 |14.448 (15.426 [13.592 | 1.28] -
Oct. 52 | 16.632 | 6.064 |11.555 |12.025 | o | 1.414 | 5.77| 2.729
B. ANALYSIS OF ANNUAL RATES OF CHANGE OF SQUARE ROOT TRANSFORMED POPULATIONS
| Treatment Totals
Undug | Fallow | Control | D.D.T. | B.H.C. ggg F' | S.E.
-11.195 | -3.985 | -3.070 | 48.025 | -3.732 | -5.382 | 4.43 | 2.971]

‘Degrees of freedom :- n,- 5, n,- 15. Signlflcance levels indicated thus:-
p - 0.05% p - 0.01*%, p-ooor‘“
Values of /2t := p - 0.05, 3.013; p - O 01, 4.167; p - 0,001, 5.759.

%15 D.F.
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oqiy in Qctober 1951, when it was 73, lower than the latter.

In 4prii 1952 this population was observed to be 16;. higher than
the control, but in October 1952 a non-significant decrease of
34, was apoarent.

¢. The B.H.C. population was significantly lower than tne control
in Cctober 1951 and <ctober 1952, On intermediate occasions no
significant differences were apparent, whilst in Aoril 1952, the
population receiving this treatment attained a point 2. higher
than the control.

f. The D.D.T. + B.H.C. population was significantly lower than
the control only in October 1952, In Cctober 1951 the observed
reduction of 6G¢ was barely significant. Ii{uch fluctuation was
evident in this pooulation for it was similar to the control in
Deceuber 1951 and in April 1952, while these two maxima were
separated by a low February population.

g. The analysis of annual rates of change revealed significant
treatuwent comparigons. & comparison of the square root transformed
data showed that whilst the control population in October 1952
was slightly lower than in Cctober 1951 (in the origzinal data a
sliht increase was apparent), the D.D.T. population increased
considerahbly durihg tnis period. Taiiing direction into consideration,
the change in the D.D.T. population differed significantly from
thosc of all the other treatwents. ilo other comparison was

significant.

2. ifinunthozetes semirufus (ig.3. Tables 11 and 12)

a. The analyses revealed significant treatment responses at all

times/
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Population Comparisons for 5 Occasions

A

TABLE II |
INTERACTION OF TREATMENTS WITH TIME
MINUNTHOZETES SEMIRUFUS

Total Treatment Comparisons Control = 100.0

Datev Control Undug Fallow D.D.T. B.H.C. | D.D.T.

Population : B.H.C.

Oct. 51 40 250.0 30.0 7.5 Te5 745
Dec. 51 19 447.4 | 89.5 142.1 68.4 | 31.6
Feb. 52 11 1463.6 | 54.5 36.4 | 100.0 | O
Apr. 52 29 451.7 | 124.1 69.0 17.2 | 55.2
Oct. 52 59 313.6 | 16.9 20.3 5.1 | 8.5

TABLE 12
IXTERACTION OF TREATMELTS WITH TINE
MINUNTHOZETES SEMIRUFUS
A. ANALYSIS OF SQUARE ROOT TRANSFORMED DATA FOR 5 OCCASIONS
. Treatment Totals .

Date | Undug |Fellow |Control [D.D.T. |B.E.C.|p'D'c*| 'F% |S.E0
Oct. 51| 25.745 | 6.732 | 16,936 | 1.732 | 1.732| 1.732 | 16.93 | 2.448
Dec. 51 | 20.012 | 8.464 | 8.528 | 8.936 | 5.882 | 4.828 | 1.67| -
Feb, 52 | 28.172 | 4.146 | 6.382 | 2.732 | 6.382 0 13.95 | 2,729
Apr. 52 | 28.225 |10.921 | 12.906 |10.650 | 3.828 | 10.064 | 7.48 | 2.988
Oct. 52 | 35.388 | 3.828 | 15.713 | 5.685 | 2.414 | 2.236 | 12255 | 3.674

B. ANALYSIS OF ANNUAL RATES OF CHANGE OF SQUARE ROOT TRANSFORMED POPULATIONS

Treatment Totals

— 1.
Undug Fallow Control D.D.T. B.H.C. g'g'g' ol
+9.643 -2.904 -1.223 +3.953 +0,682 +0.504 1.32

'Degrees of freedom:- n,- 5, n,~ 15. Significance levels indicated thus-
P - 0.05% p - 0.01"*, p - 0,001***.

%15 D.F. Values of @t:- p - 0.05, 3.013; p - 0,01, 4.167; p - 0.01, 5.759.
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tiuaes excent Deccuber 1951.

b. The uacultivated population was at all times hizher than the
control and, with the excention noted above, these differences
were significant.

c. The fallow population was significantly lower than control
only in <Cectober 1951 and October 1952, In sApril 1952 this
nopulation was observed to be higher than the control, but at
other times non-gi nificant reductions were apparent.

d. In Cctober 1951, the D.D.T. population was significantly lower

nan the control. In Deceuber 1951, this population was seen to
excecd the control (non-sijnificantly) whilst at other times non-
significant reductions were obscrved.

e. The B.H.Z. population was sijnificantly lower than the control
on occasiong other than Deceuber 1951 and February 1952. {n the
latter occagion these two povulations were similar.,

f. In Uctober 1951 and Qctober 1952 significant reductions could
be attributced to treatment with 2.05.T. + B.IL.C. On other occasions
comparisons with the control revealed non-gignificant reductions.

g. The analysis of annual rateg of change revealed no significant
treataent difiercnces.

7. Total Oribella sp. (Tables 13 and 14)

a. Yae anclyses revealed significant treatiment comparisons on all
occasions excent February and ipril 19852,

be e uncultivated population was -tall times hisher than the
control, but slznificantly so only in Uctober 1951 and Jetober 1952.

c. Zhe coatrol population was low at @ll times, and on no occasion

/
welr G,/
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15

INTERACTION OF TREATMENTS WITH TIME
TOTAL ORIBELLA SPP.

Population Comparisons for 5 Occasions

Total Treatment Comparisons Control = 100.0
Date Contro} D.D.T.
Population Undug Fallow D.D.T. B.H.C. B.H.C.
Oct. 51 5 740.0 | 80.0 340.0 20,0 40.0
Dec. 51 5 300.0 20.0 120.0 20.0 0
Feb. 52 6 450.0 0 33.3 50,0 0
Apr. 52 6 350.0 | 16.7 116,7 0 50,0
Oct, 52 5 1220.0 | 40.0 20.0 0 0
TABLE 14
INTERACTION OF TREATMENTS WITH TIME
TOTAL ORIBELLA SFP.
A. ANALYSIS OF SQUARE ROOT TRANSFORMED DATA FOR 5 OCCASIONS
Treatment Totals
Date | Undug | Fallow| Comtrol| D.D.T. | B.E.C.| 3 o'’ | 'F'| S.E.
oct. 51 [15.178 | 4.000| 3.828 | 7.878 | 1.000| 2.000 | 5.66| 2.197
Dec. 51 | 6.708 | 1.000{ 3.000 | 6.000| 1.000] 0 | 3.53| 1.500
Feb. 52 | 9.587 0 | 4.828 | 2.000| 2.414| o | 2.80| -
Apr. 52 | 9.921 | 1.000| 4.146 | 3.732| 0 | 2.414 | 2.69| -
Det,52 (19.028 | 1.414| 3.146 | 1.000| 0 o | 8.21| 2.584

B. ANALYSIS OF ANNUAL RATES OF CHANGE OF SQUARE ROOT TRANSFORMED POPULATIONS

Treafment Totals

Undug Fallow Control D.D.T. B.H.C. g‘g‘ﬁ' 1t
+3.850 -2,586 -0.682 -6.878 -1,000 -2,000 2.41

"Degrees of freedom:- n,- 5, n,- 15. Significance levels indicated thus:-

p-ow.p-om*,p-owv"

%15 D.F. Values of J2t :- p - 0.05, 3.013; p - 0.01, 4.167y p - 0.001, 5. 759.
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were these sijnificant differences attributable to fallowing or
to iasecticide treatments.

d. .ae analysis of annual rateé of change revecaled no
significant treatment comparisons.

Total .caridise {Tables 15 and 16)

“ne sirnificant times x treatments interaction obtained in the
anelysis of Total Acaridiae, was not evident in the analysis of
the constituents ol this sroup. In Table 16, it will be scen
that the interaction was due meinly to the significant differeaces
between tue uncultivated population and those treated fallow,
D.H.C. and D.D.Te + B.HeCo in 3pril 1952. On no other occasion
were there any significant differences.

L

Laboratory Obgervations

1. Toxicity tests

The results of the laboratory toxicity tests with D.D.T. and
B.H.C. arc prescnted in Tables 17 and 16.

D.D.T. appeared to have no effect on the arthropleon Collembola
tested, and even when the pure p.p. isoumer was auplied in prodizious
quantities no toxic symptoms were observed but D.D.T. was found
to be toxic in varying degreecs to all the mites tested. [Predatory
zamasids showed a reaction within a few minutes of being placed
on a treated surface, Their movements became progressively slower,
and the first pair of legs were séen to be continually rubbed

azainst the mouth ao

pendages. In this way their reaction was
reminiscent of the "Cleaning symptoms" of insects poisoned by this
substance.  flthouzh all the mites became severely paralysed

after/



TABLE 15

INTERACTION OF TREATMENTS WITH TIME
TOTAL ACARIDIAE

Population Comparisons for 5 Occasions

Total Treatment Comparisons. Control = 100,0
Date Control .
Population| Undug | Fallow D.D.T. B.H.C. g:g:g:
Oct. 51 132 45.4 26.5 22,7 26.5 40.9
Dec. 51 16 337.5 156,2 143.7 43.7 118,7
Feb. 52 23 165.2 4.3 | 173.9 39.1 13.0
Apr. 52 4 225.0 25.0 | 275.0 50.0 25.0
Oct. 52 (5 356.0 573 34.7 2.7 864.0
TABLE 16
INTERACTION OF TREATMENTS WITH TIME
TOTAL ACARIDIAE
ANALYSIS OF SQUARE ROOT TRANSFORMED DATA FOR 5 OCCASIONS
Treatment Totals
Date Undug | Fallow |Control | D.D.T. | B.H.C. ggg P | S.E.
Oct. 51| 19.126 | 15.930 |28.379 | 14.538 | 13.861 | 16,551 | 1.82 | -~
Dec. 51 17.385 | 10.757 | 8.700 |12.124 | 4.236 | 11.009 | 2.44 | -
Feb., 52 | 10.513 | 1.000 | 6,583 |14.200 | 3.828 | 3.000 | 2.36 | -
Apr. 52| 6.414 | 1.000 | 3.414 | 6.414 | 2.000 | 1.000 | 3.09 | 1.430
|oct. 52 | 34.685 | 13.870 |13.541 | 9.358 | 2.000 |31.461 | 2.6 | - |

" Degrees of freedom:- n -5, n~- 15, Significance
p - 0.05"
*15 D.F. p - 0.05/2t = 3.013

levels indicated thus




TABLE 17
LABORATCRY TOXICITY TESTS WITH D.D.T. (Pure p.p. Isomer)

Proportion of Dead and Moribund Animals
d - dead; m - moribund, Denominator = number of animals used for test.

Species Wt. of desposit on s&bstrate | Expc?sure
(11 gus per 19.6 cm ) Time
0 5 10 20 40 (Hours)
|Collembols .
Tullbergia Testl 14 0 0o im - 24
krausbaueri 10 10 10 10 '
do Test2 an 2m 0 0 3m 24
10 10 10 10 10
Tullbergia im - im Sm 0 24
quadrispina 10 10 10 10
Onychiurus Testl K 0 0 0 - 24
SPP. 1 10 10 10
do Test2 0 - - - o 72
10 10
do Test> 1d - - - 0 T2
0 : 20 _
Hypogastrura 0 - - = 0 12
denticulata 20 20
Isotomodes 0 - - - 0 48
productus 10 10
Oribatei
Minunthozetes Testl 0 '8d 2m - - 7d 3m 24
senirufus 10 10 10
do Test2 1d- 194 1m - - - 712
20 20
do Test? 0 174 3m - - - 72
20 20
Punctoribates Testl| O 4d 6m - - - 24
punctum 10 10
do Test2 0 7d 3m - - - 12
10 10
Aceridise
Acaris 0 - - 20m - 48
siro 20 20
Rhizoglyphus om - - - 20m | - 48
echinopus 20 20 '
Mesostigmata
Pergamasus Testl 0 10m 10m - T - 48
runciger 10 10 10
do Test2| 14 . - - 10d - -T2
10 10 :
Parasitidae 0 - - 20m - 48
spp. (from litter) 20 . 20
Laelaptidae 0 - - © o 1lom - 48
spp. (from litter) 10 - 10
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TABLE 18

LABORATORY TOXICITY TESTS WITH LINDANE (99% gamma B.H.C.)

Proportion of Dead and Moribund Animals _
d - dead; m - moribund. Denominator = number of animals used for test.

Species wWt. of deposit on subftrate Exp?sure
(p ems per 19.6 cm’) Time
‘ - (Hours)
0O |- 0.2 0:5 1.00 2.00
Collembola
Tullbergia Testl 1d 14 Sm 10m 10m 2d 8m 24
krausbaueri 10 10 10 10 10
do Test?2 om lom - 3d Tm - 48
" 10 10 10
do Test> 3m 124 ém - - - 48
20 20 '
Tullbergia 2m 8d 2m - 10m - 48
quadrispina 10 10 10
Onychiurus Testl 0 10m - - - 48
SPP. 10 10
do Test2 2m 16d 4m - - - 72
20 20
HypoBastrura 0 8d 12m - - - T2
denticulata 20 20
Oribatei
Minunthozetes Testl 0 8d 2m - - - 24
semirufus 10 10
do Test2 0 104 - - - 48
10 10
Punctoribates 0 _10d 48
punctum 10 10
Acaridiae
Acarus _3d 20d - - - 48
siro 20 20
Rhizoglyphus _0 20m - 20m - 24
echinopus 20 20 20
Mesostigmata
Pergamasus Testl 0 10m - - - 24
runciger 10 10
do Test2 1d 104 - - - 48
' 10 10
Parasitidae _0 204 - - - 48
spp. (from litter) 20 20
Laelaptidae lm 174 3m - - - 48
spp. (from litter) 20 20




-1~

after being in contact with DeDeTe for about 24 hours, their deatl;a
was often delayed and slight movements were commonly detected after
several dayse. |

There can be little doubt that Collembola are susceptible to
BeHeC.  VWithout exception, these insects were paralysed aimost
immediately after being placed on a treated substratume This
paralysis was in most cases prolonged, and slight movements were
frequently observed af'ter several days contact with the insecticide.
Thus, in tests which were prolonged, a high proportion of the control
animals became moribund before the complete death of treated
individualse Vhen Collembola paralysed by BeH.C. were placed
on an insecticide free surface they were not seen to recover, All
the mites tested were also susceptibie to BeHeCe and although their
immediate reaction was less severe than that of Collembola, the
prolonged paralysis was less frequent.

Owing to extraction difficulties, living Rhodacaridase were not

collected in sufficient nunbers for replicated tests, but periodic
observations on smll nunrbers of these mites indicated that they
were susceptible to both insecticides. Similarly small nunbers of

L. crassicuspis, appeared to be little affected by DeDsT. and highly

susceptible to B.H.C,

The results of the laboratory comparison of the toxicity to

Collembola of B.H.C. alone, and D,D.T. + BeHeC. are given in

Table 19, Under the conditions of the test there was no indication
of any antagonism between the two insecticides. As in the case of

those/



TABLE 19

LABORATORY TOXICITY COMPARISON OF B.H.C. ALONE AND D.D.T. & B.H.C. ON COLLEMBOLA

Proportion of Dead and Moribund Animals
d - dead; m - moribund, Denominator = number of animals used for test.

Dosages:~ B.H.C. alone - 0.25p gms. Lindane per 19.6 cm’
D.D.T. & B.H.C. - 0.25p gus. Lindane'&(5P gus. pp.D.D.T per 19.6cm>
Species 0 . B.H.C. D.D.T.+B.H.C. |Exposure Time|.
fullbergia Test 1 lm 10m 14 Sm 24
krausbaueri 10 10 10
do Test 2 lmn 6d 4m 84 2m 48
10 10 10
Tullbergia 24 10d 94 1m 48
. quadrispina 10 10 10
Onychiurus Test 1 _Q 104 10m 8d 12m 48
SPP. 20 20 20
do Test 2 2m 54 15m 94 1llm T2
20 20 20
Hypogastrura 0 164 4m 184 2m 72
denticulata 20 20 20
TABLE 20
EFFECT OF D.D.T. ON COLLEMBOLA IN PREVIOUSLY STERILIZED SOIL
Treatment Total Populations after 15 Weeks (Inifial Population = 50)
Treatments. Wt. of 2% crude D,D.T. dust ”;;
Species (g.) per 150g. of soil
0 0.1l 0.2 0.4
Onychiurus spp. 2748 2449 1583 2302 <1
fullbergia krausbaueri 860 69 461 14 <1

" Obtained in analysis of square root transformed data.

Degrees of freedom:- n, ~ 3,

nl- 120
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those treated with B.H.C. alone, insects placed on a surface
treated with the mixed insecticide became paralysed almost
immediately.

2.The effect of D.D.T. on Collembola in the absence of predators

The results of the analysis of treatment differences in the
test of the influence of D.D.T. on Collembola in sterilized soil
are sunaarized in Table 20, Treatment differences were not
significant, but owing to the magnitude of the variation, the

results were inconclusive.



Ve DISCUSSION

The Influence of Cultural Operations

Cultivation and Reseeding

In June 1951, it was seen that these operations resulted
initially in a substantial reduction of theApopulation of all the
major groups. At this time the uncultivated population was at
a low level, and statistical sisnificance was not established in all
the analyses. Thus, the reductions of Total Collembola and Total
nuedaphic Collembola were rather short of the 5jc significant standard,
and, at species level, the only Collembolan showing a significant

reduction was Tullbersia krausbaueri. OCnly one species was seen to

increase (non-significantly) as a result of reseeding; this was

Isotomodes productus a form reputed to be favoured by drier conditions
(Gisin 1945). In a number of instances, the destructive action of
cultivation was significantly more effective in relation to the
population of the upper stratum. ‘hile this could be largely attributed
to the virtual absence of the animals concerned in the lower stratum

of all plots, in the dominant Oribatel there was a distinct tendency
towards an increase of population in the lower soil of the reseeded

control. “This increcase was significant in Punctoribates punctum.

In this way, the prominent surface concentration of Cribatei which
obtained in the uncultivated soil was not evident after cultivation.
ilence, although couasidered to be predominantly hemiedaphic in character,
unlike the hemiedaphic forms of Collembola, the Oribatei were
nevertheless able to live in the lower soil.

There/



There can be little doubt that the majority of Collembola

recovered quicily from this decimation. In October 1951, with

_the exceution of T. krausoaueri, the dominant species were seen

to be more abundant in the control plots, and, in December 1951,

7. krausbaueri was .nore nuaerous in these plots. In the overall

analyses of the Cctober 1951 - October 1952 data, there were no
siznificant differences between the Collembolan populations of

the uncultivated and control plots. In the analyses of euedaphic
Collembola there was no significant interaction of treatments with
time, and, in the hemiedanhic forms, where this interaction was
significant, further énalyses revealed that at no time was there a
significant uncultivated - control difference. IHowever, the absence
oi' a statistically significant difference does not constitute a proof
of similarity, indeed, there is much evidence to the contrary, for
non-significont differences of some magnitude were observed, and of
these the more important can be mentioned briefly. In both euedaphic
and hemiedaphic forms the seasonal fluctuation was observed to be
rather more violent in the control, and particularly so in relation

to the decrease of population, vhich occurred between Deceuber and

Pebruary. An interaction of this type was not contrary to expectation,

for the thick "nat" of vegetation and the concentration of moist
orgenic matter in the surface soil of the uncultivated plots would
almost certainly have constituted a more effective buffer against

chanzing climatic conditions than the comparatively thin sward of the

control. «~zain, except in December 1951, Tullbergia krausbaueri was
observed to pe much less numerous in the control plots, and in the

overall couparison the uncultivated population of this species was
L
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70,0 sreater than the control.

Tnus wnlle all the Collembola macde an initial recovery from the
effects of cultivation, tihere was evidence to sujgest that, after
Decenber 1951, the divergence of the control and uncultivated
populations was renewed, and particularly so, in relation to

T. krausbaueri. In the absence of statistically siznificant
()

differences however this evidence must be regarded as inconclusive.

The Qribetel were not seen to recover in this way. In the
overall analyscs of the October 1951 - Cctober 1952 results, the
uncultivatcd population was in all cases significantly hijher than
the control, the avera e Cribatid population of the uncultivated soil
during this period being 3% times that of the eontrol. iHere however
the magnitude of the differences between the uncultivated and control
populations varied significantly from one occasion to another. 1In
Uétober 1951 all the Oribatei analysed were gignificantly less abundant
in the control than in the uncultivated plotg, but in December 1951

no significant differences were apparent. . In the cage of Punctoribates

punctum and in Oribella species, the Deceaber result was clearly due
solely to tue marized decrease of the uncultivated population. Between
December and reoruary an increase in the population of all species
occurred in the uncultivated soil, this was not evident in the control,
so that in all cases greater divergence was observed in IFebruary than

in Deceuber. In liinunthozetes semirufus, the uncultivated - control

difference was significant in i'ebruary, April and October 1952, in
Cribella species this difference was significant in October 1952 but not

in February and April, while in Punctoribates punctum, differences on

these/
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thése last three sampling occasions were not significant. In
February and Anril, however, the uncultivated population of this
species was seen to be very much greater than the control. Hence

in all the Uribatei, the approximations of the control and’
uncultivated populations were teaporary and due almost entirely

to seagounal changes in the uncultivated plots; the differences
between the total Oribatid population of the uncultivated and control
plots in Cctober 1951, and in Cctober 1952, were almost identical,
and P. punctum was the only species in which the uncultivated and
control populationsg did not differ significantly from each other

in October 1952. In the latter species, the comparatively small
difference in October 1952 was due solely to a decreasge of this
species in the uncultivated plots. This decrease was accompanied by

an increase of i, semirufus in these plots. The analyses of annual

rates of change in Oribateil revealed no significant uncultivated =
control differences. There was therefore no evidence of a recovery
of Cribatei in the control plots, and with the exception of
Y. punctum, the destructive influence of éultivation and ;eseeding
remained apparent 17 months after sowing. Iurthermore, the
approximation of the populations of P. Eunctuﬁ was due to a non-
significant annual decrease in the unéultivated soil and not to an
increase in the control.

In relation to Acaridiae, conclusive results were obtained only

for R. ecainopus. Cultivation and reseeding induced a non-significant

reduction of this species in June but in the overall analysis of
the data obtained on subsequent occasions, the uncultivated population

was/
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was 2775 greater than the control, and this difference was
significant. There was no evidence of recolonization by this
species. In the case of the total population of the three species
comprigsing "Other Acaridiae™ the random variation was so great
‘that no definite conclusions can be drawm.

The iesostignata also showed no evidence of recovery. In

the overall comparison of the annual period, October 1951-52, all
tne species analysed were seen to be less abundant in the control,

and, except in Rhodacarellus epyginialis and immature iiesostigmata,

these difierences were significant. In none of the llesostigmata

was there a siznificant interaction of treatments with time, and,
during the annual period under consideration the average liesostigmatic
population of the uncultivated soil was 103, greater thgn the control,
and, in the case of the averaie population of the five species known
to be predacious the corresponding»difference was 174%.

Thus both Collembola and Acari were initially reduced by
cultivation, andjwhilst Collenbola made a rapid, if not a permanent,
reco&ery, the iLcari did not. It is probable that the differential
rate of recovery was due in part to the greater capacity of Ooilembola
for rapid reproduction. In fact, in thé original habitat, the
seasonal fluctuation of Collembola coﬁld be regarded as periods of
partial destruction due to adverse climatic conditions interspersed
by phases of rapid recolonization. or this reagon'alone Collembola
would be expected to make a more rapid recovery than the slow
breeding Oribatei. However, long life cycles and slow reproduction
were not common to all the .icari encountered, so that some other factors

must/
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must have been operative, soreover, even in forms with a long
life cycle, some degree of recolonization could have occurred
within a period of 17 months. It would seea therefore that the
newly sown environment was less favourable to Acari than the
uncultivated plots. A comparison, in i'ebruary 1952, of that

factor mecasured by loss on ignition, indicates that there was little
difference in the total amount of organic watter in the upper

6" of the control and uncultivated soil. Iowever, Franz (1943)

considered that R. echinoous did not feed directly on plant debris

but on material previously conditioned by bacteria. Hence for at
least one of the species concerned, the quality of the organic
material could have been a limiting factor. .loreover, the organic
material in the control soil would be more evenly distributed in
the profile, and the surface concentration of moist orzanic matter
would be less pronounced in these plots. In consequence of this,
and of the comparative thinness of the newly sown sward,
microclimatic differences would obtain., This factor was probably
of particular importance in relation to the Cribatid population.
Thus, being unable to recover rapidly from adverse physical
conditions, populations of these mites, even if individually they
were more tolerant of such conditions than Collembola, would
nevertheless encounter better conditions in the more stable habitat
of the uncultivated soil. In bast Scotland, Rayski (1945) also
found the Oribatid populations of leys to be much lower than those
of old pasture, and he considered ploughing and reseeding to be a
valuable means of controlling the anoplocephaline parasites which

these/
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these mitcs transmit to sheep.

Summing up, there were little qualitative differences between
the nicroarthropod connunities of the uncultivated and reseeded
control plots, for, epart from certain Acari of infrequent
occurrence, the gpecies represented in the uncultivated soil were
also found in the control, and vice versa. The main long tern
gquantitative difference attributable to reseeding was a reduction
of the ilcarine population, although there was also evidence to
suzzest an overall reluction of certain Collembola, particularly

Tullberzia krausbaueri. The evidence is consistent with the

view that these differences were due in part to a chénge of
microclimatic conditions brought about by the redistribution of the
orzjanic matter in the reseeded plots.

Fallowing

With the exception of Tullbergia crassicuspis the populations

of the Collembolan groups and species were significantly lower in
the fallow plots than in the control. In the case of mites,
however, the reseeding operation itself caused a permanent reduction,
so that, when compared with the control, the effect of fallowing

was less marked. In the overall analyses of Acari significant

differences between control and fallow populations occurred only

in the analyses of Total Rhodacaridae and DRnodacarellus epyginialis.
In the separate analyses of Cribatei significant control - fallow

differences occurred only in relation to llinunthozetes semirufus

(Cctober 1951 and Cctober 1952). ..s measured by loss on ignition

there was little difference in the organic matter content of any

of/
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of the plots. “he absence of surface vegetation therefore

probably caused no great reduction in the amount of food

‘material available for saprophytic forms, and the reductions

of population in these plots were probably due to the adverse
physical conditions of the bare scil.

The Influence of Insecticides

In June 1951, owing to the destructive influence of cultivation
on & population near its seasonal minimum, the effects of the
insecticide treatments were not well marked, although in some
groups, significant reductions were evident in the B.H.C. or in
the D.D.T. gﬁh B.H.C. trcated plots, or in both, e.g. hemiedaphic

Collembola, Liodacaridae, and immature jlesostigmata. For this reason,

the reactions of the population to insecticides have to be discussed
mainly in the light of the information collected on the 5 occasions
during the year October 1951 - October 1952,

Dealing first with.the results of the overall analysis of this
data (Table 6), the treatment comparisons depict the average effect
of the materials on the groups and species concerned during this

period. It is important to note that significant interactions of

treatments with time were revealed only in the analyses of hemiedaphic
Collembola, and adult Oribatei. Hence, in the euedaphic species of

Collembola, and in the ilesostigmata,the non-gignificance of this

interaction precludes the occurrence of significant progressive, or
retrogressive, population changes in any of the treated plots during

tie year under consideration.

In/



In the coverall comparison, severe reductions of Collembola
and Acari were evident in the plots treated with B.H.C; but marked
reductions,attribuﬁable to D.D.T. occurred only in Acarine
populations. In the case of plots receiving B.H.C. alone
siznificant reductions were evident in all the Collexnbolan

populations analysed except Total Tullberginae and Tullbergia

crassicuspis. In Acari, significant responses to this insecticide

were not so freguent, but nevertheless were evident in several

analyses, €.Z. Jinunthozetes seanirufus, Total .iesostigmata, and

Total Rhodacaridae, The destructive infiuence of D.D.T. was

observed in many Cribatei, and in all the llesostigmata, but in the

overall analyses, significant reductions were evident only in

relation to Total llesostigmata, Total Known IFredacious ilesostigmata,

and Total Immature liesostigmata.

Of supreme interest are the responses of the Gollembolan.
pupulations to the D.D.T. and D.D.T. + B.H.C. treatments. In the
cagse of D.D.T. alone, the average ColledbolanIPOpulation of the
plots so treated was 110, higher than the control, and this difference
was highly significant statistically. Sinpilar increases were
evident in many of the constituent sroups and species, although a

non-signilicant reduction was observed in Isotomodes productus,

and lolsomia candida was little affected. The greatest increase was

that of Tullbergia crassicusols: the D.D.T. population of this

species being 15 times that of the control. Statistically, the

D.0.T., increase was si:nificant in the following analyses:-

Colleinbola/

Total
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Collembola, Total XLuedaphic Collembola, Total Tullberginae,

Tullberpia crassicuspis and Total Ilemiedaphic Collembola.

The response of Collemwbola to the mixture of both insecticides
indicated that, in the {ield, the presence of D.D.T. reduced the
destructive influence of B.H.C. on these insects. Thus, in the

overall analyses, only in relation to Tullbergia krausbaueri and

olsomia candida was the D.D.T. + B.H.C. pOpulatioq significantly
lower than tae contrel. In the analyses of Total Collembola

and Total Zuedarhic Collembola this population was significantly
higher than that treated with B.H.C. alone, and significaatly lower
than that treated with D,D.T. alone. In the case of hemiedaphic
Colleibola,the average response was such that, although the
population receiving both insecticides, did not differ significantly
from that receiving D.D.f; alone, it was nevertheless significantly
nigher than the population treated with B.H.C. alone. .lthough

not always statistically significant this trend was appareant in

all Collembola, for, in every case, the D.D.T. + B.H.C. population
was intermediate in density when compared with those treated with
the two insecticidcs separately.

This antagonistic action was seea only in the field. Under the
conditions of the iaboratory tests, the mixea insecticides and
B.H.C. alone were equally toxic to Collexmbola in isolation. The
field result therefore céuld hardly have been due to chemical or
physiological interactions. In support of tnis it can be noted
that Itzerott (1951) obscrved a synergistic effect when the two

insecticides,’
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insecticides were assayed with Calandra granaria (L). 4sain,

in the field, this antagonism only occurred to a marked and
significant degree in relation to Collembola. There was some
slizht and non-significant evidence of its occurrence in populations

of some Cryptostigmatic mites, but in the ilesostigmata evidence of

a response opposite in character was obtained. In the overall
comparison, the populations of the [lesostigmatic groups and species
were in all cases observed to be lower in the D.D.T. + B.H.C.

plots than in either of the plots receiving these insecticides
separately. Statistically, the D.D.T. + B.H.C. population of
these mites was in all cases significantly lower than the control,

and, in the analyses of Total inown Fredacious .lesostipmata and

Pergamasus species, was also significantly lower than the population
receiving B.H.C. alone. Thus, althouzh a synergic effect was not
evident, the mixed insecticides were nevertheless more toxic to the

field population of predatory ilesostizmata than B.H.C. alone.

In previous studies, resurgences of this type have been most
often attributed to a déstruction of predators and parasites, and
in a number of investizations this conclusion has been supported by
evidence of reduced populations of carniverous angrgﬁtomOphagps
species. It can also be noted that resurgences of this nature
can be expected on purely theoretical grounds. In a mathematical
thesis, Volterra (1928) enunciated the law of the disturbance of
averages, stating that, in & comnunity of two species, one a predator,

the other its prey; if individuals are uniformly destroyed in

proportion/ -
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orovortion to their number, the average population of the

prey will increase, and that of the predator will diminish.
dence, on this basis, even when predator and prey are equally
susceptible, the prey would eventually be favoured by insecticide
treatmeats. hen the prey 1s less susceptible, the resurgence
shiould therefore be accentuated.

In the present study there is abundant evidence to indicate
that the significant incrcase of Collembola in the D.D.T. treated
plots was due to a reduction of predatory pressure. This evidence
can be recounted as follows:-

(a2’ Loboratory observations showed that at least 5

litesostizmatic species commonly occurring in the field, preyed

actively on Collembola.

(b) Laboratory tests showed that while Collembola were completely

unaf'fected by D.D.T. even at the highest concentrations, this

substance was definitely toxic to all the ilesostigmata examined.

(c) In the field, the total povpulation of the 5 .iesostigmatic
species mown to feed on Colleabolavwas significantly reduced by
treatment with D.D.T.

Cther predacious organisms, particularly Stapaylinidae

species are known to feed on Collembola (ilacLagan, 1932, wWeis Fogh,
1948) but these were not collected in sufficient numbers to make
a quantitative assessment of their reaction to the treatments.

The response of Collembola in the plots treated with D.D.T.
+ B.H.C. is not only consistent with this explanation but also
provides suoporting evidence. Thus, when compared with the

population/
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population receiving B.H.C. alone, the residual population of
Collembola in the D.D.T. + B.H.C. plots would have beean favoured
by the additiornal protection against predators offered by D.D.T.,

o

for the population of predacious ilesostigmata in the D.D.T. + 3.I.C.

nlots was significantly lower than that in plots treated with B.H.C.
alone, Thus, in every couparison, the presence of D.D.T. was
associated with an increase of Collembola and a decreage of

predacious .lesostigmata.

Unlike that of th: cuedapnic forms, the analysis of hemiedaphic
Collecmbola revealed a significant interaction of treatments with
tiue, “'he naturc of tiis intcraction isAdepicted in Fig. 1 and
Tables 7 and 8.  In October 1951, the B.H.C. population showed a
non-significant reduction when compared with the control, this
population then increased so that a smaller reduction was apparent
in Decenber. In rebruary a drop, probably related to climatic
conditions, was evident in the control, this did not occur in the
3.H.C. population so that at tuis time the latter was 59 zreater
than the control (rhe difference was not significant). Subsequently
the B.H.O;‘population fell so that in April and October 1952 it
was significantly lower than the control.  The trend of the B.H.C.-
population to Jcbruary was vprobably due to the B.II.C. bein_ washed
into the soil during autumn and winter, so that the aaocunt of
insecticide in the extrene surface soil becane progressively less.
S1lthoush not si;nificﬁnt, the increase in comparison with the
control in February is congistent with Volterra's proposition.

-

Deiny favoured by the initial destruction of predators, the 3.ILC.

population/
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copulatioa was able to maintaln its Deceaber level, The

b
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uent retrogrezsion of the B.H.C. population, although
surprising, is'not devoid of explanation. The remarkable
efficiency of B.H.C. as a soil insecticide is thought to be due
to its slignt velatility, thus, althougn the wmaterial would be
washed into the deeper soll by precipitation during autuan and
winter, rising srring'tenperatures would probably cause the
caanation of toxic vapour and so lead to a rencwed toxicity in
the extreme surface.

The increase associated with D.D.T. was less marked in
hemiedaphic Collembola than in the euedaphic forms. salthough
evident in the overall analysis, in the separate analyses, the
increase was not apparent in Cctober 1951, and was significant

only in April 1952, ain this was probably due to the

insecticide being washed into the soil so that the concentration
of D.D.T. and consequently the protection against predators,
was less in the extreane surface than in the deeper soil.

‘'he trend of hemiedaphic Collembola in the D.D.T. + B.H.C.
plots can also be explained on similar lines. The remarkably
steep rise to the high Deceuber population was probably facilitated
by the diminished toxicity of B.H.C. attributable to lecaching,
and by the initial destruction of predators by both insecticides.
urthermore, the significant increase of .ipril 1952 in the D.D.T.
plots, sugsests that tne concentration of the latter insecticide
rcaained suificiently high in the surface habitat, to afford, in
addition, a more lasting protection.

With/
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with regard to the question of recolonization, and the
versistence of insecticidal influence in relation to hemiedaphic
Collembola, the periodic approximations of the B.H.C., Deo T +
3.4.C. aﬁd control populations were only teuporary and in botn
trecatments significant reductionsﬂwere evident in .pril 1952.
In the case of B.H.C. alone, this renewed toxicity persisted, and
a significant effect was apparent in October 1952, In the case of
D.D.T., and D.J.T. + B.l.C., the effects of treatment were neither
significant in October 1951 nor in October 1952, and the analyses
of annual rates of changes did not reveal any significant dilfference,
‘'hus, the effects of E.H.C. alone were still evident in Cctuber 1952,
but the resulis in relation to the persistence of the D.D.T., and
D.D.T. + B.H.C. treatments were inconclusive.

islthough showing a significant interaction, violent resurgences
were not encountered in the Oribatei. #irst it can be noted that
in Oribella species the control population was low at all times,
and there were no significant differences attributable to insecticide

treatments. In the two dominant specles, Punctoribates punctum,

and inunthozetes semirufus, all insecticide treated populations

were significantly lower than the control in Cctober 1951. (In
£. punctum the difference due to D,D).T. + B.H.C., was barely
significant).

wlth the exceptions noted below, the results for these two
species on the three intermediate sampling occasions were inconclusive.
The populations were at all times low, many of the fluctuations of
treated populations were irregular in character, and the changing

status/
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status of the treated populations vas, to a large extent, due to
a decrease of control populations. The only significant difference
attributable to insecticide treatment occurred in the April

analysis of il. semirufus where the B.H.C. population was

significantly lower than the control. In October 1952 significant
reductions attributable to B.H.C. and to D.D.T. + B.H.C. were
again apparent in both species, but the difference due to D.D.T.
was not significant. Only in P. punctum did the analysis of
annual rates of change reveal a significant control - D.D.T.
comparison; the difference beinz due to an increase of the D.D.T.
population. In October 1951, D.D.T. caused a significant
reduction of 73 in the population of this species, while in
October a non-significant reduction of 345 was apparent. Thus
in this annual comparison there was significant evidence of
recolonization. The recovery of this species was first apparent
in April 1952 when the D.D.T. treated population was seen to be
16;; greater than the control. Subsequently some retrogression
was observed but the recovery was sufficiently well maintéined to
produce the significant evidence of recolonization noted above.
Recapitulating, the bulk of the evidence in the present study
indicates that the increase of Collembola associated with the
presence of D,J.T. was due to the reduction of the predatory

pressure of Mesostigmata. The only occasion on which a significant

reduction of predacious liesostismata was not accompanied by an
12 & . D

increase of Collembola was in the comparison of the uncultivated
and reseeded control plots, and here the reduction of preédators

was/
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was accompanied by major physical changes in the environment.
wililst most workers have attributed reactions of this type to
the destruction ol predators and parasites, other factors have
algo been suzzested as contributory causes. Hueck et ai
(19525 observed that low concentrations of D.D.T. caused an
increase in the oviposition rate of Fruit Tree Red Spider

(iietatetranychus ulmi). In some experiments this incrcase was

signiiicant statistically, and at high rates a toxic effect was
apparent. Baudissin (1952) found that treatment with D.D.T. +
B8.H.C. caused an increase in the population of soil Acari and
Collewbola after an initial toxic effect lasting for about two
wecss. The increase was not well marked, and the investigation

did not include observations on the effect of D.D.T. alone, neither
were predatory mite populations assessed. Baudissin conjectured
that this increase was due to a "chemotactic stimulation" by
residual quantitieg of D.D.T., and a physiological response was
implied. Mo evidence was advanced in support of this explanation.
Richter also observed an increase in D..J.T. + B.H.C. treated
populations of icari and Collembola in forest soil. He hazarded
no explanation but subscribed to Baudissin's views. In the

present study, observations on the responses of Collembola fo D.D.T. in
sterile soil producéd negative results, but owing to the great
variation which obtained, these results were inconclusive., However
there are other grounds to suppose that Collembola are not directly
affected by D.D.T. in this way. Davis (1952) in experiments

with Tetranychus multisetis .icG, observed that, shortly after

contact/
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contact with D.D.T., the mites becane highly active and moved

over _reater distances than untreated individuals. The treated
animals becane widely scattered in their habitat and the dispersion
resulted in a higher rceproductive potential, and hence in an
egrlier attainment or the asymptotic population. Thus the
increased reproduction of isolated colonies of Tetranychids in
contact with D.3.T. could be attributed to an irritant effect of
sub=-lethal doses. "he evidence of Davis indicates that the effect
of D.D.T. on the reproduction rate of the mite is indirect, and
related to density factors, whilst the data of liueck et al, although
not inconsistent with this explanation, suggests a response of a
physiological nature.

Although the possibility of a reaction of this type being
partly responsible for the increase of Collembola in the present
study cannot be coupletely eliminated, hitherto, there has been no
positive demonstration of a response of this nature on the part
of these insects, and most of the evidence is opposed to its occurring.
. Observations on Collembola in contact with D.D.T. showed their

reactions to be quite unlike those described for Tetranychidae;

the animals showed no sign of increased activity, neither was there
any evideace of toxicity, even at prodigious dosagcs.

The possibility of the increase of Collembola being due to a
reduction of competition for space and food has also to be considered;
the potential competitors being the Acaridiae and Oribatei.

The analyses of Acaridiae revealed no significant responses

to insecticide treatments, and, althbugh a non-significant reduction

ot/
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of' the three species coaprising 'Other Acaridiae' was apparent
hand
in the D.2.T. plots, lnizoglyphus echinopus on the otherlwas seen

to be more abundant in these plots. Thus there was no consistent
association of low Acarid with high Collembolan populations, and
therefore no indication of coupetition between these groups.

iiith rezard to Oribatei, most of the evidence is consistent
with the vicw that these mites cxerted little influence on Collembola.
In the overall analyses of Oribatei, the reductions observed in the
D.D.T. plots were not significant, and, in the separate analyses,
the effect of D.D.T. was not always well marked, and was significant
only in October 1951. iloreover, in the comparison of plots treated
B.ﬁ.C. with those receiving D.D.T. + B.H.C. the significant increases
o1 Collembola in the plots trcated with both insecticides were not
associated with significant reductions of Oribatei. On a number of
occasions, these mites were actually more abundant in the plots
receiving both ingecticides.

Although the more significant associations were those between
Collembola end t.e ilesostigmatic mites known to be predacious, it is

important to consider the Rhodacaridae - the dominant llesostigmatic

aites - in relation to these insects.

The reaction of these mites to D.D.T. was not significant,but
their potential influence cannot be discounted, for the trends of
their population in both the D.D.T. and the D.D.T. + B.H.C. plots
were similar to those of the known predators. These are amongst
the Tew mites wihich are found in the lower soil; both rrenzel (1936)
and Willman (1935, 1936) nofed this, and not only do the June

results/
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rcsults subscribe to this view, but these mites were also found

in large numbers by the writer, in soil below the 3" level at
Juchincruive, ayrshire, and at Lephinmore, Argyll. The food habits
of these mites are not known, although the structure of their

nouth parté suggests a predatory habit. It is probable therefore
tnat the Zhodacarids exert some influence on the deep living

Collemnbola particularly the Tullbergzinae.

In relation to the problem posed by vertical distribution,

‘jeis Fogh (1948) observed that the predacious .iesostigmata were

ncar surface swellers, similarly in Glaszow, in June 1951,

.Jesostigmata other than Rhodacaridae were more dense in the upper

soil (the difference was not significant). On the whole therefore
the activities of these mites would be expected to have little
influence on Collembola in the deeper soil. The smallest of the

iiesostigmata known to be predacious was Digamasellus reticulatus;

this did not occur in sufficient nunbers at Glassow in June 1951
t. provide useful evidence of its vertical distribution, but at
Lephinmore, Argyll, this species was found in considerable numbers
below the l%" level, and it was not uncommon below the 3" point

where it occurred with Rhodacaridae and Tullberginae. Thus this

species at least is capable éf pene%ratihg the deeper soil in search
of prey.

In conclusion, this study has shown that when incorporated with
soil at rates commonly used in comnercial practice, both D.D.T.
and 8.H.C. induce maried and persistent quantitative changes in the

silcroarthropod »nopulation. The action of B.H.C. is sufficient

to/
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to warrant some concern about adverse long term effects on

soil fertility which might occur as a result of a zeneral
decimation of saproéhagous species by this widely used soil
insecticide. With regard to the use of D.D.T. the risk

of favouring phytophazous Collembola is obvious, and while

our knowledge is insufficient to make an authoritative
asséssment of its long term influence on soil fertility, the
disequilibrium precipitated by this substance, and the responses
of the population to the mixed insecticides, emphasize the need
for an ecological approach to problems of pest control. On
the'other hand, the investigation also reveals that treatments
with these materials provide a valuable technique for studying

the population dynamics of Arthropod comaunities in the field.
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The soil amicroarthropoda, mainly Collembola and Acari, of

old srassland at (Glas:ow were investigated, special attention being

0o

pzid to the eiffects or

]

the population of cultural operations and
treatmenfs witﬁ Deteds ana S.I1L,C, “he data were bbtained by
exanining soll sauaples toten on glx occasions from the plots of a

6 x L4 randouiced block field experiment. Tne treatuents were

as .ollows:- (1) incultivated. {2) .lesceded Control. (3) rallow.

(4) Reseeded + D.D.T. (5, Reseeded + B.H.C. and (6) Reseeded +

DeeT. + B.H.C. "he animals were extracted with a flotation apparatus
and the Tield worlk was supported by laboratory observations. The
results are presented in two parts: - Zart I. dealing with the fauna

oi' the uncultivated plots, and Part II. with the effects of cultivation

and insecticide treatments.

1. The literature on extraction technicques, ecological surveys,

and on the biology of Colleubola and lcari is reviewed.

N

The qualitative results include a list of species and notes
on the biology and distribution of the dominant and other interesting
gnecies encountsared.

3, The conmunity included the following Acari new to science:-

{a) Rhodacarellus enyginialis, (b) Dicamasellus reticulatus and
ic) Platyseius n.sp. ‘he first species also represents a genus
new to Jritain.  Descriptions of (a) and (b) are included in

Appendix/
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.ppeadix I {Paxonony), and descrintion of (¢) will be ziven

by Dr. vwen svans in a forthcoming pager.
The following soecles are noted as new to Britain:-
Ae Colleanola

(1) Znychiurus ulisinatus, Gisin. (II) Cnychiurus spinu larius, risin

~rt

(II1) Tullber;ia crassicuspis, Jisin.

3, Acari

(I) fer;amasus misellus, Serlese.(II) Lasiossius penicillicer,3erlese

4 note on the occurrence in the cultivated goil of lulohmannia

ribasal, SDerlese is also included. This mite represents the

sulohmanniidae (Cribatel), a fanily hitherto unrecorded for Sritain.

‘'he quantitative composition of the comnunity is tabulated,

Statistical analyses of samples talzen in June, 1951, chowed the
population densities of a number of sroups and species to be
siznificantly ;rcater in the O—B"hthan in the 3%-9" layer of soil.
In no case was the densgity of the lower stratum ponulation
significantly _reater thaa that in the surface layer of soil.

The results of statistical analyses showed that the animals
were not dispersed horizontally over the uacultivated area in a
randow distribution.

4 considerable seaswn.l fluctuation was encountered during the
year (ctober, 12951-52, and the statistical significance of the
differences .is noted. Collembola were more abundant in Qctober
and Jecember than in rebruary and April, but the adult Oribatei
were least abundant in Jccenber. It is concluded that the
fluctuation of Colleuwbola was determined by climatic'conditions,

but/
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but the seasonal variation of Oribatei could not be explaiﬁed in
this waye. It is sujgested these mites undertake periodic
migrations and evidence is cited to indicate that these movements
may be associateda with the propagation rhythm of the animels.

10. Laboratory observations on cultures of living animals have
confirmed and added to the results of previous workers on the
feeding habits of various species. Mive i.egsostigmatic mites
were observed to be predators of Collembola, these included

D. reticulatus n.sp.

PART II.
The literature on the effects on the soil population of
cultivation and insecticides is reviewed, and a brief account of work
on the influence of insecticides on other mixed Arthropod

conmunities is given.

A. The Zfiect of Cultural Operations

1. Observations in June 1951 (23 days after sowing) revealed a
general reduction attributable to cultivation and reseeding. This
was significant in the analyses of Total Collembola and Total

iiesostigmata, but not in Total Cribatei.

2. In a number of cases significant interactions of treatments
with depnth were noted in June 1951. This was well marked in

Oribatei; and in Punctoribates punctum, reseeding resulted in a

significant incrzase of the population in the 3-9" layer of soil.
3. Collembola were seen to recover, and on subsequent occasions
there were no significant differences between the reseeded and

uncultivated/



1.

2.

-] /j-

uncultivated populations of these insects.
Over the year Cctober 1951-52, the total populations of

Cribatei and .esostigmata were significantly lower in the reseeded

than in the uncultivated plots. In Oribatei there were significant
interactions of treatments with time, but these could not be
attributed to recolonization.

In comparisons of fallow and reseeded control populations
in June 1951 the only group showing a significant reduction in

the iallow plots was the rhodacaridae (iiesostigmata). On subsequent

occasions, however, fallowiny; was scen to cause marked, and in many
cases sipnificant, reductions of Collembola, The effect of

fallowing was less marked in the .lesostigmata, and least so in

relation to Oribatei.

B. The Lffect of Insecticide Treatments

Owing to the heavy reductions caused by cultivation and re-
seeding, comparisons of insecticide treated plots with the reseeded
control in June 1951 did not reveal many significant differences,
and the results noted below are based mainly on the data obtained
durihg the year October 1951-52.

Treatment with 2 ozs. per square yard of 2 D.D.T. (75-80; pp’

iso.er) caused severe reductions of Acari, particularly Mesostigmata.

The reduction was statistically significant in a number of Acarine

groups and specles, and only in the case of Punctoribates punctum

(Cribatel) was there significant evidence of recolenization. D.D.T.

caused a marxed increase of Colleubola, and in many cases this was

statistically siznificant.

3./



Treatment with 2 ozs. per square yard of 2% B.H.C. {135
samna isomer) caused severe, and in most cases, significant reductions
of all microarthropoda. There was no significant evidence of
recolonization, but in hemiedaphic Collembola a temporary recovery
was noted.

Treatment with a mixture of both insecticides (2 oz. D.D.T. and
2 oz. B.H.C. per sguare yard), caused severe reductions of Acari,
and in the analyses of .lesostismatic populations, the mixed
insecﬁicides were, in some cases, significantly more destructive
than B.H.C. alone., In relatioan to Collesbola however, the mixed
insecticides were in :any cases significantly less destructive
than 3.H.C. alone.

Laboratory toxicity tests showed that D.D.T. and B.H.C. were
toxic in a varying degree to representative species of the three
major Acarine groups encountered. Collembola, however, were
completely unaffected by D.D.T., but were highly susceptible to
B.H.C. There was no evidence of any antagonism between the two
ingecticides in laboratory tests with Collembola.

The evidence is consistent with the view that the increase
of Colleabola in the D.D.7T. plots, and the antagonistic effect
of the mixture of both insecticides on these insects in the rield,
was due to & reduction by D.D.T. of the predatory pressure of

wesostigmnata,
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I. FAMILY RHODACARIDAE, OUDEMANS 1902. (ACARI, MESOSTIGHMATA)

This family was originally erected to accommodate the single
genus Rhodacarus. Two further genera were discovered by Willman
(1935), and the family can now be defined as follows:-

Small, elongate, lightly chitinized mites, less than 550 M
in length. In many cases a constriction is apparent between the
podosma and the opisthosoma, although this might be indistinct,
especially in mounted material. The palpal tarsus carries a trifurcate
seta, and the dorsal shield is divided into anterior and posteriar
portions approximately equal in lengthe Ventrally, a more lightly
chitinized area extends forwards from the sternal plate, so that,
in the male, the genital opening appears to be located some way back
in the sternal plate. The peritreme is short reaching a point
between Coxae II and III. |

The three known genera can be separated with the following key:-
1e Leg I. without claW eecesecsceees Bhodacarus Oudemsns 1902.

Leg I. with ClaW cceeceessccccces 2

2. Claw on Leg I. pedunculate ...... Rhodacarellus Willman 1935

Claw on Leg I. $5€83811€ eseeecseseee Rhodacaropsis Willman 1935
(not yet recorded for Britain)

RHODACARELLUS EPYGINTALIS n.sp.

Female

Dorsal shield (Fige. 1) 400 - 1.;20}1 in length, and 180 - 190/\1
wide at the broadest point. The shield is divided into two
approximately equal portions, the anterior part having four small

depressions/



depressions near its centre. Theeistome (Pig. 3C) has 3 long centra:l
points. Ventrally (Fig. 2) the sternal shield bears 3 pairs of
setae and pores in the more heavily chitinized section, and a single
pair of setae in the lightly chitinized anterior part. The posterior
margin of the sternal shield is strongly emarginate. The most
distinctive character of‘ the species is the epyginial plate which is
rounded posteriorly, and extends forwards as an acute triangle with
its apex in line with a point slightly in front of the anterior margin
of the third coxaes, The ventri-anal plate carries 4 pairs of pre-
anal setae.

The chelicerae (fig. ) have a fixed digit with 5 teeth and a

ilus dentilis, the ‘movable digit being tridentate. Tarsus I.

(Fig 3B) is typical for the genus; the claws being borne on a
pre-tarsus, Leg II. is unarmed,
Male

In size and chaetotaxy the dorsal shield is similar to that of
the female, The ventral armature is illustrated in Fige 4; the
sternal shield having 5 pairs of setae, and 3 pairs of pores. The
ventri-anal plate carries 6 pairs of setae, 3 anal setae, and a
pair of small pores. Leg II. (Fig 5B) is armed with a prominent
process on the femur and small truncated cone-like projections are
located on the germ, tibia, and tarsus, The chelicerae (Fig. 5A)

have a fixed digit with 5 teeth ard a pilus dentilis, and a

bidentate movable digit with a slender spermatophoral process.
The Holotype female, Allotype male, and paratypes are deposited

in the British Museum (Nat, Hist,)

1./
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II. FAMITY ASCATDAE OUDEMANS AND VOIGTS 1905 (ACARI, MESOSTIGIATA)

Genus Digamasellus Berlese, 1905

In this genus the seta on the palpal tarsus has two tines.

Vitzthum (1941) however locates this genus in the Gamasolaelaptidae

Oudemans 1939 - a family in which this seta is trifurcate. The
whole sub-order however is badly in need of revision, and for the time
being it seems more appropriate to include Digamasellus in the family
Ascaidae - group d'istinguished by the presence of a bifurcate seta on
the palpal tarsus, and a dorsal shield divided into anterior and
posterior portions approximately equal in length.

Dipamasellus reticulatus n. spe
Ferale

Dorsal shield 290 - 300 /u in 1ength,\ and 160 = 165 e wide at
the broadest point (Figs. 7). The shield is divided into approximately
equal anterior and posterior portions and 4 small depressions are
located near the centre of the anterior shield.

A distinct reticulation is apparent over the whole of the dorsal
surface. The epistome (Fig. 6B) has 3 central points. Ventrally
(Fig.8) the sternal plate bears ) pairs of setae, and 3 pairs of
mimite pores. The epyginial plate is broad and truncated posteriorly,
while the metapodal plates are well developed and, in most specimens
distinctly thorn shaped.s In addition to 3 anal setae, the ventri-
anal plate carries 5 pairs of setae and is reticulated. The
posterior setae ("Endborsten" of Leitner, 1949) are rigid, the immer
pair being much longer than the outer. The chelicerae (Fig. 6A)

have a fixed digit with L teeth and a pilus dentilis, the movable

digit being tridentate.
Male - unknowry



Male = unknown.

In the arrangement adopted in Leitners key, D. reticulatus

can be located near D. perpusillus Berlese, (the type species

and differs from the latter mainly in the chaetotaxy and shape of

the ventri-anal plate, and also by virtue of its possessing well

developed metapodal plates and reticulated shields.
The Holotype female and paratypes are deposited in the

British Museum (Nat. Histe ).
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FiG. 1.

Rhodacarellus epyginialis.,

Female,

Dorsal.

FI1G. 2.

Rhodacarellus epyginialis.

Female.

Ventral.



FIG. 3. Rhodacarellus epyginialis. Femzle.
A, Chela,

B. Tarsus I.

C. Epistone.

FIG. 4. Rhodacarellus epyginialis, Male. Ventral.
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FIG. 5. Rhodacerellus epyginialis, lMale
A. Chela,

Be Legz I.
A
—t
I o 25 - S50
B

FIG, 6. Digamasellus reticulatus. Female,
A. Chela, ‘
B. CEpistome.
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FIG. 8. Digamssellus reticulatus. Female, Ventral.
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CURMARY TABLE A

TREATKENT TOTALS 16th OCTOBER 1951

(lumber of Animals in 8 Samples)

Group or Species Undug | Fallow ContTol D.D.T. | B.H.C. g:g:g:
Total Collembola 407 17 467 775 96 238
Total Zuedezphic Collembola 343 33 370 679 54 171
Total Tullbergineze 147 18 108 467 29 97
Tullbergia krausbaueri 132 15 76 146 21. 27
Tullbergia crassicuspis 6 21 305 70
Total Cnychiurus spp. 83 91 122 29
Isotomodes productus 42 76 34 3 42
Folsomia candida 69 5 8l 50 16 3
Total Hemiedaphic Collembola 63 31 85 83 35 54
Total Oribstei - 331 | 50 106 58 16 38
Punctoribates punctum 122 23 37 10 5 12
linunthozetes semirufus 100 12 40 p) 3
Total Cribella sppe. 37 5 17 1 2
Total Immature Oribatei 42 13 9 5 14
Total Acaridiae 60 35 132 30 35 54
Rhizoglyphus echinopus 40 p) 11 8 2 3
Total *'Qther Acaridiag' 20 32 121 22 33 51
Total Mesostigmata ;A 159 5e 86 31 22 9
Total Rhodacaridae 87 37 18 6 5
Rhodacarellus epyginialis 34 17 15 4 5
Tot. Known Pred. Nesostigmata | 26 13 1 6 1
Total Pergamésus SPPe | 13 1 1l 5 0
Total Immature lesostigrata 30 27 21 10 8 1

. . |
Total of 3 species:- Acarus siro, Coelognathus castellanii, and Glycyphagus

destructor.

“Total of 5 species:- Veigaia nemorensis, Pergamasus runciger, P. misellus,

Digamasellus reticulatus and Hypoaspis aculeifer.




SUMFARY TABLE B

TREATMERT TCTALS l4th DaCEMBER, 1951.

(Iumber of Animals in 8 Samples)

"2 petails as in Teble A.

Group or Species- Undug | Fallow (Control | D.D.T. | B.H.C. g:g:g:
lotal Collembola 449 104 426 945 164 548
Total Euedaphic Collembola 337 82 324 771 78 313
Total Tullberginae 79 39 94 544 37 158
Tullbergia krausbaueri 64 32 80 152 22 46
Tullbergia crassicuspis 15 4 14 313 13 112
Total Onychiurus spp. 94 15 T3 145 22 44
Isotomodes productus 61 8 104 23 g 93
Folsomia candida 98 22 50 59 10 18
Total Hemiedaphic Collembola 106 14 97 153 11 22%
Total Oribatei 178 47 67 59 35 41
Punctoribates punctum 21 14 26 12 19 26
Minunthozetes semirufus 85 17 19 27 13 6
Total Oribella spp. 15 1 5 6 1 0
Total Immature QOribatei 28 5 6 5 0

Total Acaridiae 54 25 16 23 T 19
Rhizoglyphus echinopus 42 10 8 7 4
Total 'Other Acaridiae’ 12 | 15 9 | 15 0 15
Total Fesostigmata 137 36 48 26 11 5
Total Rhodacaridae 68 16 2l 16 2 2
Rhodacarellus epyginialis 38 6 8 14 0 1
Tot. Known Pred. esostigmata | 31 5 1 3 2
Total Pergamasus spp. 26 3 1
[Total Immature Mesostigmata 13 10 14 4 p) 0
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SUMIMARY TABLE C
TREATMENT TOTALS 20th FEBRUARY, 1952,

(Number of Animals in 8 Samples)

Group or Species Undug |Fallow |Control |D.D.T. | B.H.C. ggg
Total Collembola 340 54 200 561 132 193
Total Euedaphic Collembola 255 43 143 458 53 122
Total Tullberginae 92 20 | 51 | 256 36 71
Tullbergia krausbaueri 69 14 32 90 22 17
Tullbergia crassicuspis 15 5 16 161 13 51
Total Onychiurus spp. 58 12 26 110 9 23
Isotomodes productus 65 7 39 39 6 17
Foloscmia candida 40 25 53 2 li
Total Hemiedaphic Collembola 82 9 49 91 8 59
Total COribatei 405 40 55 21 26 12
Punctoribates punctum 120 17 27 8 4 4
FKinunthozetes semirufus 161 6 11 4 11 0
Total Oribella spp. 27 0 6 2 -3 0
Total Immature Oribatei 31 6 3 1 1 1
Total Acaridiae 38 1 23 40 9 3
Rhizoglyphus echinopus 37 1 22 37 9 2
Total 'Other Acaridiae! 1 0 1 3 0 1
Total lesostigmata 142 30 52 31 18 5
Total Rhodacaridae 69 8 21 22 8 3
Rhodacarellus epyginialis 60 2 16 21 1 1
Total Knovn Pred. Mesostigmta | 38 2 11 6 6 0
Total Pergamasus spp. 23 -0 5 4 6 0
Total Immature Mesostigmata 21 1 13 2 0

12,
Details as in Table A.
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SULLIARY TARLE D

TREATHLNT TOTALS 18th APRIL, 1952

(Mumber of Animals in & Samples)

Group or Species Undug | Fallow | Control| D.D.T.| B.H.C. E:E:g:
Total Collembola 150 30 | 166 | 411 34 99
Total Euedaphic Collembola 115 17 118 287 18 71
Total Tullberginae 48 12 40 197 15 53
Tullbergia krausbaueri 25 12 25 49 15 9
Tullbergia crassicuspis 12 0 8 148 0 43
Total Onychiurus spp. 30 2 19 45 0 6
Isotomodes productus 12 0 41 27 8
Folsomia candida 23 17 18 1 4
Total Hemiedaphic Collembola 34 12 43 116 16 22
Total Oribatei 274 82 Ip) 64 42 53
Punctoribates punctum 64 24 25 29 31 24
Minunthozetes semirufus - 131 36 29 20 5 16
Total Oribella spp. ° 21 1 6 7 0 3
Total Immature “ribatei 12 8 1 0 1
Total Aceridiae 9 1 4 11 2 1
Rhizoglyphus echinopus 0 2 11 2 1
Total 'Other Acaridiae! 1 2 0 0 0
Total lesostigmata 76 48 65 15 14 3
Total Rhodacaridae 37 11 36 6 7 1
Rhodacarellus epyginialis 31 6 22 6 7 1
Total Known Pred, Mesostigmata | 13 7 5 3 1
Total Pergamasus spp. 11 6 4 3 1
Total Immatufe Mesostigmata 14 25 12 3 3 0

L%Details as in Table A,
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SUFMARY TABLE E

(Fumber of Animals in 8 Samples)

TREATMENT TOTALS 17th OCTOBER, 1952

Group or Species Undug | Fallow |{Control | D.D.T,. | B.H.C. g:g:g
Total Collembola 508 49 280 | 544 86 | 231
Total Euedaphic Collembola 394 30 181 416 53 172
Total Tullberginae 201 16 85 | 266 29 | 114
Tullbergia krausbaueri 171 11 51 38 12 20
Tullbergia crassicuspis 9 21 211 15 94
Total Onychiurus sppe. 94 38 114 18 4%
Isotomodes productus 71 33 30 8
Folsomia candida 25 0 19 6 1 7
Total Hemiedaphic Collerbola 108 15 97 126 33 58
Total QOribatei 364 29 121 54 5 9
Punctoribates punctum 45 10 38 25 0 2
inunthozetes semirufus 185 10 5% 12 3 5
Total Oribella spp. 6l 2 5 1 0 0
Total Immature Oribatei 22 3 3 0 1
Total Acaridize | 267 43 b 26 2 648
Rhizoglyphus echinopus 54 2 6 5 2 9
Total 'Other Aceridiae! 213 41 69 | 21 o | 639
Total Mesostigmata 193 29 97 27 37 2l
Total Rhodecaridae 85 20 44 13 8 8
Rhodacarellus epyginialis 25 12 18 8 3 5
Total Known Pred. Mesostigmata | 40 0 16 3 13 4
Total Pergamasus Sppe 21 0 13 2 12 3
Total Immature lesostigmata 39 4 21 9 6 T

‘?hetails as in Table A.
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TABLE F

CHcl.ICAL AFALYSIS 20th FLBRUARY, 1952

| Ttem Plots Undvg | Fallow | Control | D.D.T.| B.H.C. ggg
Loss on Ignition 10.4 | 11.3 11.7 10.6 9.8 1.0
" (per Cent)
p.H. (Water) 5.85 | 5.54 | 5.85 | 5.98 | 5.92 | 5.80 |
Available Py0s 2.0 4.0 4.0 | 12,0 | 2.0 | 3.0 |
(p &us per 100 gms) -
Availeable Ko0 12.0 8.0 17.0 12.0 10.0 13,0
(p gms per 100 gms)
Loss on Ignition 11.5 9.6 11.2 11.5 10.3 11,5
(Per Cent)
p.H, (Water) 5.50 | 5453 5.78 | 5.68 | 5.88 | 5.72 |&
Availeble P05 5.0 | 3.0 4.0 | 2.0 | 30 | 2.0 |R
(p ems per 100 gums) N
Available K20 17.0 | 11.0 12.0 11,0 8.0 11,0
(p ens per 10Q gms)
Loss on Ignltlon 9-4 ll.6 1005 901 907 903
(Per Cent)
p.H. (Water) 5.54 | 5.64 5.64 | 5.72 | 5.74 | 6.04 U‘SU
’ Q
Available P05 2.0 | 4.0 3.0 | 3.0 | 2.0 | 2.0 |R®
(n ems per 100 gms) W
Aveailable K20 G.0 7.0 11,0 8.0 3.0 11.0
(p gms per 100 gms)
Loss on Ignition 8.0 9.9 9.5 %.1 10.7 8.0
{Per Cent)
g
p.H. (Water) 5044 | 5.9 5.58 | 5.64 | 5.82 5.54 |8
Q
Available P205 0.8 5.0 1.0 0.8 1.0 1.0 |~
(u gms per 100 aps) ul
Available K»0 8.0 7.0 10.0 9.0 15.0 11.0
(p ems per 100 gms)
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TABLE I

CENSUS OF &% OCTOBER 1151

Mean Numberof Animals per Sample
(Asemples per plot)

BLCI

~ LocK I
GROUP OR SPECIES | BLock BLock 2.
WNouE |Faoulcontred B.aT | Buc | 227" [unove [Facww]conTed] aaT | Bac A, |vuove | FaLiowconrs
+ JINSECTR ratal | 705 | 175 T30 520 160 170 | 420 tgo | 31-s 1495 165 | 145 | 1850 1o 7¢-8
<] PRoTURA - - - - - - - - -~ - - - - -~ X
-
3] cotremaoLa Tod | 703 ]| 160 | 875 | So5 | 145 ] 160 | 400 10 | aso |inse | 148 | 140 5 | 735
..1 HypogasCrura denticulate 2] - i 5 a-§ - 30 20 io o8 ! oF ! ! 05 - s f s -
3|  Breciystemalia parvale So - - as os - 10 - 3o 05 35 2. a3 - 20
] Friesia mirablis 5 - ‘o - - - 10 - {0 - - - §-0 Y] 1-5
7] Osychiurus uliginatus d0:5 ‘o | Q06| 128 e - ko . ko 2-0 20 a0 40 o5 58
(] Onychinrus spenauiarius b0 - - 1-0 - - - - 28 h-0 - 1.0 - LR 20
v Undet Onychiurug $p9. a.0 - 5o 0-8 - i-0 - . - - . - - . -
o Tulibergia” krmusboweri ase as s | 190 "8 7o | 158 "o T8 | 21-8 o do | 180 . 150
[ wiibsrsio quadrispina - - 40 - . - &8 - 10 o8 - - - - o8
"-;J wifbergla. crassccuspls 0-5 o-§ 30 1-§ - - 10 - - to &0 13 S.0 18 o5 V-0
Tsetoma Virtidis 0§ 40 | 70 3-0 3.0 [-E s 1o -] E Y 1o &0 10 a§ 1¢
] Isolemodes productus - - [N - ~ ‘-0 35 - 2.6 b0 0§ . iy o | 298
1) Folsomia Candida 60 5 200 o5 3o o8 S0 o8 36 2.5 1.0 . 2a-% o5 8-¢
» Foltomia garrettL - - 50 -~ . - - - - - - 1"0 - 30
7]  Felsemia Juadeioculata - a5 - -8 - - 1o - - - - . to - 2.5
#] Lepladocyrtud cyaatus - - - . o5 - - (0 - - . . o5 . 3¢
L . Cotiembala o3 &© a8 - 2e 30 - I3 (Y § o8 - - - ) -
] PSOCOPTERA - - - - o5 o8 - . . . - - .
THYSANOPTKRA
2 PLino Mps Pefus . - - - - - - - 1o N . - - - .
X Undet Theipidae 7p. - . o5 . ] . - - - - - - - - -
2§ Phistethrpidee 3p - - - o5 - - - - - - - - o5 . .
HEMIPTERA
54 Rphididat spp . - - - 285 - - - - - 1.0 - . - -
COLEOPTERA (Aduits)
35|  SCephyiinidat spp . - 10 - N - - - - . - - .
24 Hydrophylidet sp - - - - - o-8 - - ‘- - . N - - -
COLEOPTERA ( Larvae)
a7 Caribidae spp - - 05 o5 . . - - - 1o - N - . .
23]  Staphylinidae spp . - - - - - - . - - - - oS5 - o4
a7 Curewlienida spp - - - - - - - - - - - . o5 . o8
DIPTERA (Lervae)
Jo| Petauristidae sp - - - - o5 - . - . . . - - - -
3 Tendipedidat spp. - 1.0 a5 - 1-0 -~ IRY. 4 &0 ao0 - - - 1-5 o8 i-c
X Cyclerrhapha spp. . 05 1-0 o5 - - - - oS - . - 0-8 - Q&
PIPTERA (Pupae)
33 Csclorﬂhcpb; Spp- - - . - - - o5 - - - - - - - -
ARACKNIO A AND OTHER ARTHRoPOA]
3] RRANEI1OAR -0 - - " - . o8 - - - - - - . ot
35| AcARI Tetal | 400 | 15 | 550 85 | 130 | 105 | 910 | 190 ]| 298 | 18§ 11§ 25 liodo | 195 | 525
36| ORIBATEI Tetal | 125 08 1a8 1o o5 35 | 570 11-8§ | 125 35 3.0 20 § Tao €5 | 23«
J7]  Hypechthenius rufuius - - - - - - . - - - - - - - .
35]  Carateyetes §racilis - - 0.5 - - - [ - - - - - -0 (-2} -
37 Achiplerie coleoptrata . . 1.0 . - 0-5 3s - - . . - - - o
4o Gujetes globulus - - . - - . - - - - - . o§ - -
& Punctonbates punctum S - 1.5 - 05 - 12-8 -8 35 . g ) 30.0 Q20 1t
W] Minunthostes Semirufus #'0 - 30 - - - 170 2o 1S - - - ais do 75
3 Oppia clavipectinala o8 o5 a-0 - - - 30 - - oS - - 38 oS -
4 Oribella lenceslata 3] - - - - - 25 - ‘-0 1§ o-5 - 56 o8 -
A3 g:unu.. Paolii o5 - 10 08 - - 40 1,0 - - . - 28 o5 -
Add wtovertex gsculptus - - - . - - - - oS5 - - - 1.0 o8 0.4
#7] Phthiracarus ansnymum - N - . - - 1-0 - . - - . . - 0!
#  Tmmature Oribate o8 - 3.5 o5 . 3o | ras§ 10 - -5 0 - b ‘o 3¢
4] Undec.Onibatei - - - - - - - - - - - - - 10 -
so] ACARIDIAE. ) Total 1 43 7.0 20 &8 9.0 40 10§ 35 foe 30 3o - 25 40 19-4
Iy Acaras §ire - - - N - - . - - . - - < -
2 c°slo%uuthus castellanii 2.0 55 | azo o 9.0 wpo a.s 35| to0-0 3o as - a:s #o | 18
53] Rhizoglyphus echinopus 124§ -5 5o o8 - - 78 - - - oS - - - o«
& Slst. yphagus destracter - - - - - - (-2} - ~ - - - - - [N
59| MESOSTIGMATA Tefal | 125 L K] 10§ 20 35 20 | 23§ 40 -0 ¢s |. So o5 | AeS [ !
s Rhodacarus roteus 48 - - o5 o5 - q-0 - - o5 . o8 - 90 a5 Lo
N Rhedacarelius epysinialis 2.0 - oS oS - os 2.0 o-§ 3o 55 210 oy &0 to 1"t
£ Veisda nemortnss 30 3o es N o5 . a-0 N - : os - by . :
e d N B . . - . - - - . - . . -
] Pranmeies funcyer . - o5 - 0s - o-§ - o5 : - - 8 0§ .
o! P latlaps 5o i - - = . . = - - - B - . - M .
0d D?;tz\:lcl (" ] ‘r’ec‘mu.tu - - 1-o : . 0.5 o5 - - - - - o6 - .
»3|  Arcteseius cetratus 0§ - Io . . - : - : - : - - - -
[ Arctoseiopsis minnbus - . - . . - . - - o§ o8 - oé - -
'Y Cosmelacleps claviger - - - - - 1o LX) - - . - - - . -
bv bdascoseius penicilliger - - - . - = - = - - - - : . -
¢7  Platyseius ndp - - - . - - o5 - . - - . . -
b Mypaaspis aculeifer - . o5 - - - 1-0 oy N - - - . R o
bt £Eviphis 0SCrinus 05 - o5 . - : ‘,)'.i Co o8 : o8 : 'D-g - -
z'? ‘I}::fb:*rsc ?’?:;::; mala 5 60 WS (-] 4-0 - 5-? ) Ao Q.0 1o . 8o o 3
T u»uc.r’luosnam; a - 05 - - . - - o8 - . - - - 15 s
PROSTIGMATA .
73  Cheglecus eruditus - 05 - - 1-o - - - - - * - -
ETEROSTIC
A " P’;mgph‘l;“"s?rn cs - - 1o . - lo - - 5 2] . 1§ -5 o
~:| Uadet. ficari - - - . . - - - o . . R o5 N .
| CHiLoPoPA - 0-5 2] 0.5 - - - - - - - - - . -
v 1RROIGRRADA - "5 [-X] 10 - 15 - - - i-0 - - - - IS
7| faTaL RRTHRGPODA 115 360 {1490 | 630 | av0o | 2%0 |133.8 ] 330 | blo [1670]| 20 | t70 |[1780 | 265 |14




.TABLE B
CENSuS of 14 DECEMBER 1151
Mean Nuabee qu-'nuu por Sample

(A amnpics por plot)
ALocK | 8LocK
GROUP OR SPeECIES =
- UNDUG | FALLOW(CONTROY DOT | Bac &%1‘:.: unDve |FALLow|cONTReY 2T | ANC : :;’ unpye |FaLLoW [COn
1| INSECTA etal| 700 | 65 | Si-8 :}s-d avo | 620 ]| 480 ) 130 | Ad0 [HeeE | 128 | BAS | 173 | 18F | T4
2 Y ROTURA - - os - - - - - - - - - - - 1
3| CoviemBoLA Totat | bT0 | 1 &0 T o0 | ar 10 . .0 ] 390 [te25 | 135 | 615 °
-~ Wypegastrary dealic ulate 105 +0 & - § .5-0 ..; :q.o *}.o la. 3o efF - (55 7 ? ! e'ﬂ 75
§ Srachyst emeile parvule »o - *s os - o &0 - a-0 [ 25 &o yo - i
e Friesia micablis o8 oS - - - - 48 - -8 - - - .0 - '
7| Oaychiurusuligimatus aso a3 | tpo| lao 20 of a3 - 1o 10 - 1-0 -§ - &
8|  Onychiuras Spinularius [ -0 - L) 35 - 36 e 36 2:0 a5 3o 1o o5 3
) Undat -Oaychiurus 59 55 - <0 - 1o - - - - -0 - - 0 - :
1 Tuliberqa Kransbaueri ‘To &~ 15 3e0 o5 &0 146 0 t 08 " &5 55 5 o fa
N Tailibe ,i.‘w“’.“ - s - - - - - - - - - - - 0 .
g  Telbergia crasscuspis "5 [ 3] - 70 rs "8 o5 ro 35 |/43$ - 195 30 02 e
[ Isetema vir dis . - 0 a$ 3§ | rae 2.0 o 5-5 Y ro -0 - - A
[ Tsetomodes productus 30 - q.0 o8 - e S0 i [} r a-° 0 15§ 20 | 3a
1 Feolsomia candide 35 i-6 0 96 &8 o5 a0 25 @0 [ ) - 390 5o -
[ FelSemia gerracte - - - - - - - - - - - - o5 - i
Felssnia wwenlatea . ¥ § - os - - o5 - - 8 - - 5] .20 -
Lepidocy cyaneas . - - 10 - +~o - - X1 ] - - -5 . -
[, ] Usdet.Collembela - a-0 -5 ] ay rs o ro - ¥ o - - 0 1
aJ PSOCePTERA - - - - - - - . . - o5 - - -
THYSANOP TERA
El Aptinethrips fufus - - - - - - Y3 - - - N . oF - _
2% Undat. Theipidan spp - - - - - - - - . oS - - oS . -
HEMIPTRRA . .
21 Aphididat spp N - . Qs o5 - - - - - - o5 - - -
COLEOPTERA (A dutts) .
¥ Lﬁ:ﬁl'um ”» -~ - - - . - - oS - - - - - o .
COLEOPTERA (harveq)
Carabidesn 599 - - - - . - - - - - - - P .
Stephginidet spp. - - - . - . o5 - - - . - o8 - -
Cusd«n&hl e - (-3 ] - . - . - - . - - -
DIPTERA (Larved)
ParaurisCidec Spp - - - - - - o - . - - - - - -
Teadipedidae spp - 2.0 a0 - &0 o5 20 o as o5 - - a0 20 a
Cyclocrhapha opp - - () . - o8 2a - I8 - .- - -0 . 1
DIPTERA (Pepad) '
gdanhfl:- sp .- - | os o$ - - - . - . |- - - - -
{
ARACHNIDA AND OTHER ARTHROPOOA . .
ARANEIPA - - X - - - oS - - - { - - - - -
ACAl Totak | 250 | 125 | 178 ] 1 %0 50 78 | 838 | a0 11-§ | aT8 | %o 130 | AGS | 115 ]| 18
ORIBATE! Total s aol| 115 o0 | as| 515|138 as | 130 |, &5 85 [ 130 | 5o s
Hypeochthonlus Pufulus - - - - - . (Y] - - - [ - - - -
Cervelezates §raciks - 1o o5 - o-§ . 5 - - - |- - 05 - b
chipteria coleoplrata . - - - 05 . 35 {.0 'Y 5] - N 05 - o
Evietas globuiug - - - - - - 1o o-§ - - i - oS - - -
Puactaribates pusctum - - 5.0 [ - a5 3 48 - -8 1o &5 30 -0 3
Minnsthegetes semirufus - 05 %4 +5 a5 &0 | 3ATO &5 - 100 |, 3§ ‘o 5.0 30 e
Oppia sclavipectinala - - - o§5 - - 3.0 - - o8 | - - 1o - -
Orbalia lancesiats - - - - - - - . - - |- . - - -
Origalie paviii - o'k - 10 - - as - a5 oy | - - s - .
Sculovarten sculptus - - - -~ - - 18 - /-0 - R . - - r]
Phiniracaras aAony Mum o5 - - - - - - - - - Y. - - N -
Immature oma e . a.0 1re | - - 1-8 a5 o5 o |; - a$ 5 - -
undec. Orihatel - - - 1-0 - - - o5 . - , - - . - -
ACARIDIAE Total 20 50 a0 35 o5 30| 100 S0 40 48 | 25 30 | 14§ 1.5 °
Acarwt gire 3] as N -8 - - [ o8 15 as | - 2s - - N
castedensi - 2-0 - - - 10 - *F - L3 - 1-0 - [ 2
Rrizey sadinepusd 1§ o5 20 "8 o5 = 60 20 -8 - , &5 o8 138 [ -
5152; egus destructer - - - oS - a9 a3 N 0 - L e - - - -
MESOSTIGMATA “Tetal | 11-0 58 3s 35 - o | 130 2o 40 o5 t-o - are 80 q
liodccqrnnrroun * o8 - - - - - - ©0f o - 05 - $5 a8 5
Rhodacaretiug apyginialis - . - 1§ - - 0 0.5 (-0 &0 | = - A0 o [
Veigaia Aumereass - - - - - - - - - - s . - - -
Pergamarus vm-‘icr [ 8 - - - 05 a2-8 - .- o8 o-§ . -8 - o
Peryamasus miseilas -5 - - - - - - - - - - . - - .
Deqamageiius rmticulatug - - 1.8 - - o3 - - 0-5 - = , -8 - -
Arétoseius ¢ ~ . -0 - - - -0 . - - - . o8 - .
A rtessepis Mudutus - . - - - - oS - - . - . - . -
Aliiphay haliere - . - - - - - - - . . . - - -
Cosmolatiaps uuu'r.r - . = - - - - - - . - - o5 - :
Lagessius ptacciliigar Co. o8 - -0 B - 1-8 - - - V- - 05 - :
Platyseius n Sp- o5 - - N - - o5 ~ - - - . - : .
iyl S S B N T R R T R A : ,
n - . - - . - - . - . R . -
b Qg PR, et is| as| fe| o3| T | i | de| 33 ( qef 8s| I | | is| % &
o . . . - R . - . . . . . .
7’| u:“‘:ﬁ“ﬁ:lo::n;‘ﬂ:?n. o5 1-0 - - - - 1o - o' o5 - - kY] - -
PROSTI&MATA
‘h] chc;u:u eruditus - - oS - ~ - - - - - - - - - .
oOSTIGM
7l "EP;Eg&qh:nshIa (- - - &S 1o - 1o - (3] 5 - N - - -
73| Undel Rcari - - - oS - - . - - - . . - . -
74| PIPLOPODA - - - - - . - - - - - - - - -
vsl PAUROPOPA . - - - - . . - - - . . os | - o
7, TARDIGRADA - - . - - - - . - - - o5 - - i
~
'n‘{‘fomn. ARTHROPODA 8so | a%e i #1-S 1010 | 2%0 | 615 |/320 | 335 | Sas 1960 | Q1S | bbo [J2eS | 300 95




TAdus ¥
CENSeS OF 20 FEBURRY 1952
Meas Numbar of Animals por Samplt
(2samples por plec)

o o BLOCK | Brock2 |
o ROUP OR SPECIES 5TT , TS
unoue | Faccow [conrm| QpT | Bac.|p " |UNDue |Faou|cosiga| Rot }Mx:- prc  |oNove |Faced|ce
'+ IASECTA Total | 498 9§ | 115 | 3710 | 115 | 1185 | 350 ¢6| aro | 5o | 310 | 220 | 40 s |
2| PloTukA - - . - - - 05 . - - . - . .
3| ConnEMBOLA Totel &70 .0 190 | 345 118 1e-S 31 b6 240 | h90 | Ri0o | 218 T-0 T-0
] N,’a{uCM donticulaly 35 - - 20 20 38 2-2 - - - 25 30 4 - - .
s| BrachgstemeHa parvaia as - 0§ - o o-§ oS . 15 - &0 [2) 30 a5 o5
4. Fricsia mivablis &0 ©5 1S 35 . - 60 . »’o - o8 - 7.0 o5
7| Ongchiurus wliginales 156 40 o | 1RS - o5 - - 1.0 of - - 20 1.0
[ 4 Onyehiurus pinularins 0 - o 10 2-5 - 10 . 30 20 1§ o - -
¥ Un ORycMurus spp = (2] - - - - - 05 - = - - - .
io]  Tull Kkrans bausrt 1.0 o3 a6 *o »o .. v.5 »0 49 S0 48 A8 &0 0-§
. Talibergia quadrispine . - 6 - - . s - - - - 0.5 - o5
Q] Tuliberfia crassccusps o5 1-0 o5 10 - a0 o5 o5 VY 3s0 10 55 o-5 1.0
1) Isotema virides - o5 1o o6 ) 30 0S8 - 70 1.0 5 - . -
) Lsetomodes productus 3.0 o5 - - o - b0 - "s a0 8 0.5 12-6 -5
i Felsomia candide 05 - 10 &S o6 20 0§ 05 &0 - o5 10 i1 %5 -
lof Felgomia garrgtei - - - - - - . - - - - - - o5
elsomia deiocuiale - 10 o8 o5 - - 10 - - o5 - 03 o5 o5
it ie Nd-?rtu Cyantus o5 o5 - - - - oS 08 - - - - - -
1] Undet. Collembele 10 = - - - - - o5 . 20 ‘ 05 a0 - o-§
J THySANOPTER & ) | :
al plinechri wy . . - - . - o5 - - - - - 0.5 -
at Undal. Tlu-': pp - .. - - - - - - oS 0$ |- - - -
REMIPTERA !
2 Aphididac spy. 05 - - - - . - - - - } - oS - .
COLEOPTERR {Adulls) :
23 Stqhsunmn sp. - - - - - - oS . - - i - - -
COLEOPTERA (harwee) |
2%{ Carebidecsp. - - - - - - - - - os | . . - -
as] SCaphylinidac sp - - o5 . - N - o5 ‘- - L. - - -
DIPTERA (Lerme) ' 1
20 eleurslidae & o5 - - - - - - - - - - - .
2 Tendipedidae spp o-5 05 oS5 a2-0 - - a-0 [ 25 o - . - 5
2% Fumgivoridaz sp 05 - - - - . - - - - - - - -
af| Cyclarrhaphe spp o-5 - 25 - - ~ o5 - - . B - o5 -
OIPTERA (Pupat)
3 Orthorrhaphe sp - - - o-5 - - - - - - - - - -
3 Cyclorrhapha spp. - - - - - - - - - - - . - -
RACHNIDA AND OTHER ARTHRoPOPA
32| ARANEIDR 0-5 - - - - - - - . o5 . . . -
331 ACARL Totel 23-§ 55 195 t3o0 | 3§ ‘o B88S 11§ 1o | 126 | 4100 W0 |13%0 1a.0 '
34| ORIBATEIL Tetel 75 2:0 - oF s o-§ bi-o g0 b0 50 o5 25 |t 10 S0
113 Hypochthoning Mufulug - - - - - - - - N . - - - -
36| Ceratejefes gracilis - oS - - - - - . - - - - 2.0 10
x| Rchiatiru coltoptrata - os - - - - -0 - - "o as o5 5.0 05
alﬂ Augetes giobulug - - . o-8 - . - o5 . N . - 20 -
37 Puncloribetas puseclun - . - - - oS 1d:0 0 -5 30 -8 10 | &35 05
a2 Miauathezetas Seminifus S0 - - - [} - 3a-s 18- +-0 o8 as - 30-0 hS
4! Oppia clavipectinata 2.0 . - - - - &5 - 5 ~ - 0's 115 -
w2 Otideila tanceolata - * . - - ~ [-25) - (-] - - . 55 -

T ad Oribella ' - - . - - - 1.0 . e 05 . - o8 -
4 Scutovertex sculptus 2] - . - - - o5 - - - . . o5 .
' Immature Oribotec - 10 - = - - 78 - - - . oS ') 1o
e Undet Oribatei - - - - - - - - . . . - - 0.5
7| ACARIDIRE Tetal 45 - 110 &5 o5 - 130 - . 1 40 0.5 ho -
- Acarsg Sira - - - - - - - . - . . - . .
-’ oelognathus caslellani - . o5 o5 - - - - - ro | - . . .
5 hizofigphus Rchugpus 5 - - &0 o8 - 13.0 - - - . 40 05 1o -

B §lycyphagus destructor - - - - . - - - - - - - - .
| MESOSTieMATA Tecd | 115 -0 8.5 55 L5 -5 135 Y WS »s 0.5 o | 265 vs
35 Rhodscarcus resedd -0 - - - . - 20 - - - - (-} 15 a0
5y  Rhedacarclius smyiaialis (33 - a0 40 - - A0 - 30 W8 - 0.8 s .
35 VEigaia Nemereasy [ . - - - - o5 - - - B . 5.0 .
S| . Pergemasus runc: o5 - 1o 1o 10 . 2.5 - . - N . “s N
S| Perjamases miseliug - - - - - . ro . - (¥ - . 15 .
58 PeJ\ ylaclaps $p- - - - - - - - - - - . - - ..
5N P.goemasaliug reticulatus - - 2.0 - - . - . - . - . oS .
0| Arctoseius celrslus - - - - - - - . - . . - 05 -
o Arclosaioptis Minutus - - 0-5 - . - . - - - . - s .
b3 Alkipas hallee - - . . . - . . N N : - P
[X] Cosmalatiaps claviger N - . - . - . - 5 . - - -
[} Lasioseous p.m‘:i(h,tl - - - - oS - - - - - - - -
=1 Platyseius n 5p )1-0 - - - - . 05 - - . - . - -
[ Hypesspis sculefer - . o-5 os - - -0 - - [ - . - -
v EWphis osttinus . - - - . - - - - . - N 20 .
of| Olediscus minma . 05 o5 . - - 10 -5 . . - - - a0
) Immature Mesetligmeta 2-0 0-5 10 . oS - 0 5 15 oS 05 . 35 -5
T Undet. MesosCey - -0 t0 - - - . - N . - - o5 -8
PROSTIGMATH - . o5 -
T Cheyletus erudilus - - - . - . - - - .
HETEROSTIGMATA
= P“ meph .r“”", - 1.0 - oS - - 1-c o5 05 . - . - o8
73| Undes. Rcari” - 05 - B - . - . - - - - - -
‘o PAUROPODA - - - - - - - . - . - 0s - .
75| TARDIGRADA o - "0 o3 - o5 - N . 0§ oS - .
~»ToTAL ARTHROPODA 745| ¢S50 | 3T0 | Siro 155 | 125 |tano | 200 | 380 byo | 325 | 270 1870 | Q05 | 4.




TABLE ¥
CENSUS oF “VI" APRIL 1952
Moan Namber lf Asimale ”I.SI.#
Q Sampits parpise) .

i ) BLock ) BLocK 2 l
GROUP OR SPELIES :
UNDUs |FAslovlconToL| aaT B.ac. ;&L"’ ONDYG | FALLalconToL]| ARy | 8uc n:_’; UNDUS | FaLL
+ [INSECTA Tetel | 2108 30 | 15 | aace os So | 210 70 | 110 | 738 ¥ | 1es | aes 3-8
:| PROTURA . - - - - - - - - - - - - -
s| cou-empoLa Total | 190 | 38| 1S 10 . 3 . . .
iRl IR I+ 4 I+ J RS B B0 1 I -3 A I B S Bl I Ll B
S| Breecysipmets parvele : - teo | - os | - . . 10| 3e| o6| 05| o8| =
o Friesia Mmirablis o8 - - o5 o8 - 35 . - 10 - - 30 -
L4 Qﬁ,sh.usfu haelus (¥ 1 o5 33 55 - - 2.0 - . - . I pd .
' Ongohiurus spnnlariag &0 - - 3.0 - - 0§ . 8 - - 0\? - -
o | g:‘a.l::;o_qeuu\:am to - s - s ; as . - - . 1-0 - - - -
» ia kraughawen, . o i .0 - rs o . s
o] Tuvenshyerdnspiaa : : 35| - 2 - es | ! ol Bl s M| 2
2|  Twlperyia crummcatpis - - - o - - - - . W78 - £y 54 -
8] Itecomavindis . . Iro 15 t:o -5 "y o5 10 3.0 } - +o - -
Lootomodes productus - - 1-0 5 0.5 0 a-3 - a0 - - - a0 -
Folsomia candude - - 2o as . 10 - 16 1.5 as | os . e .
Folsomia arreltl e - - - - - . - - - - - 1.0 -
Folsomia }“ﬁuulsh - to 1§ 3.5 - . [ 1] 0 - (5] . . - -
Aepidecyrtug cyancus - - - .0 . . - - - - - - N -
Undel Goliembele - - - 1S - - - - 18 - - o0 . o5
HEMIPTERA
M Apnididar sp ) - - - - - - - - - - - .
COLEOPTERA (Adults)
¥ Cerabidae &pp. - - - . - B . - - - 05 . 05 .
pr s“f‘}n““"“‘" i - . . - - - . - . o5 - N - :
3 lydrefhylidas 3p. - - - - . - - . - 05 - - - -
LEOPTERR (Larvae)
2 Cf by Ko nidas - . : : : : - : : . : : :
Et(:%t‘sd:: p r - - - - - - - - - - - - - o
DIPTERA (Larvas)
eCauristides sp - . - - . -0 - . - . - -
Teadipedidas spp " 1o o5 10 - - 0§ o5 s a.0 0.5 - 15 .
ungveridee gp - - - - . - oS - - - - . - o5
Cyelorrhopha 5p 0.3 - 0’5 - - - - 0 o8 - - . - -
DIPTERR (Pupew)
Orthorrhapha sp - - - - - - - - - - - o5 -
Cyslotrhepha sop o5 - - - - - 10 - o5 (-103 - - 1o -
RACHNIOR AND OTNER ARTRRoPOPA
Acam Total 90 55 | 120 | 34 55 W5 | 825 | 285 | 195 | | 50 90 100 | 65 | 178
ORIBATE Totak 30 1.0 &0 25 30 35| 690 | 200 | 105 | 120 0| 100 | 485 | 1o
Eulonmonaia Fibagai - - o5 - - - - - - - - - - -
Hypochlhonins Pufains - - - - () - - - - - - - - -
Corateyetes §r - - - o5 - - 1+0 - - - - - 1.0 -
chiptisa colewptrale - . - - o5 - 9.0 oS 1o 18 10 10 S0 20
En3etes giobuing . - - - = (] -5 < N - - - o-§ =
acton putctam &a 1.0 15 -0 X0 20 150 5-0 2.0 8 &5 A0 1 38 3.0
Minuathe: SOMifuful re - dS - - o | 350 100 5 40 1§ WS 1 88 5.0,
g”h clavipectinate - - - . - - 1.0 - - . - - a$ -
bolla (anceolala - - o - N - . - N - - - |5 0-5
Oribella paclin tus - - . : - - deD . : ’_'5 - : ::g :
Toarn ature Ot bate. : . os | - . . ss | as | - o5 | o5 | - 05
undet. Oribates - - - - - - - 20 . - . - - -
ACARIDING Tetal oS oS o-§ 2.0 -] o-§ a5 - 'ff o5 - - ro -
logast teManii - . . - - - - - . - - - - -
v (yr P vy o5 | - os | 20| os| os| 28| : o5 | os| - : o5 | -
5'3}3"“8“ destrustor - 0§ - - - - - - - N - - o5 -
MESOSTIGMATA Tetal 55 o &o 3o 20 0.5 lo-0 1 15 as Q-0 - 13% o5
odoearibes €panind o os | 38| wo| ro| es| 33| is| xe| 30| ws| e | &3
g:gmmh::-:”“d‘ g-g . 10 . - . 19 3o 0+5 -~ -1 N 0§ o5
Paryamasas misailus oS - - *5 . - o5 - . . . . - -
DisetentilS ccutatas N . . § '— X °f 1 . : '. " os | -
[YXY . - - - - - : - -
o ':::.lpu aculeifer . oS . -] - - o5 - 9\'; - - - - -
ov.‘ph’\. .‘tt';mh " ;‘5 - - - - - 10 - o5 - N - : N
{nychus tatraphyliug . - - ' N " 1 - : - . o5
O mialme - - - - - - a-s 10 0§ ()
I‘ulm‘:;:‘l’( Mesostigmatla a0 >0 o5 . Ho : t-0 30 15 o8 . - 5 .?-0
Uadet Mesostigmats - . - - - - - - . .
HETEROSTIGMATA ‘ - . -
Pyymaphorus 3p - os o5 . - -0 - - - . o5
PAUROPODA . - os - - - - - . . - - .
W ToTAL ARTHROPOPA 38 fos | Q%0 | So0 | 120 95 |1035 | 355 | 365 | 885 | 125 | 21§ | 930 | 210
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CENSUT OF 1T OCTOBER 1952
Mean Mtl‘ of Arioals per Sample

T (Qvanples per Pac)

; Brock BLock 2 Broc
GRouP OR SPECIES BT+ g 00T~ - i
UNDvG ‘Fm.a.ou Conicol] AT | Bac [Brc. [UNIG |FAtmews k:oum RoT | Buc |Buc. iuuouc. FALLOW [ ConTt
VILNSECTR Total 3a5 | eo ao-o- 518 To0 | 160 | 565 ] 108 8| 20| ys50 | 1100 1340 | A0 | 491
1| PRoTuRA . - - - - - - = - . - 10 - -
3 CoLLEMBOLA Tetal 3ao0 beo 196 | 60§ 7.0 | 160 330 19 0 T8 185 108 [ta9.5 20 | 4T4
4 Hypogastrurta denticulata .0 - 05 %0 to [} &40 - 1.8 -5 . 10 §.5 - s
s Brackystomeia parvula . o5 oS 1.0 .0 06 8 ~e 15 a2-8 tio, 390 2-0 56 1-© Se
¢ friesa mirab lis 1-§ . - -7 -S4 - 3 0 2.0 - - o5 - - - -
2 Osychiurud wlifinalus s 1-e 30 9.5 - - - - - a-5 io - tT8 - -
4 Onychiures Spiawariug §s o§ 20 20 1§ 5 10 "8 - 10 o -5 - .-§-0
9 ."-\3‘5 Onychiurus Irp > - . N - - - - - Lo - - &0 - i-0
o Tulibergid krausbhauert 130 oS (3] 85 3s &5 90 &0 . o-5 d.0 10 10 Se0 - 140
] Tlburdia guadrspuna - - 3§ - - - 9s - - o8 - . - - 2.5
) Tullbm L‘dﬁb‘-&pls - -0 oS ! 80 - - oS - 3.0 460 o5 o6 (2] - 1°0
A oot iy : rof 4ol O3 5 3 2 e l-o| & - 268 | o5 | s
Solom. ["¥ - . - . * - - -} - 0 . o - o
g Folsomia ocnd.ida. i o8 - ',.3- ,’.; .- e r0 - - o3 pg Qs P - a5
I3 Foisomeia qafretti - - - -~ - - 1.8 - N - ;- - ;- . -
17| Folsemia guadriocuialn oS 0§ - 15 - - e o5 - 48 ‘ - 5 o8 "8
11|  4depidocyrtus <i-.uu - - Py - N - - - ¢ - - - - - . -
| Undet Coliembel - 20 |- - - - - ] - - to - - 18 - L
i
20, PSOCOPTERR - (1] oS - - - - - - - - - - - -
THYSANOPTERA ’ R .
] Aptinathrips Nifes - - - oS - - - - -~ 10 - o8 - . o5
2y Undet. Thripdet ot - . - . - - - - - o5 - - - - -
Wy Phise slhripidae Spp - . . - . N - .. - - - - - - -
. HEM PTERA
2 Mphdidaesp - . - - - - - - - 2.0 - - - .
-lﬂ . OCher Hemplen - . - - - - . - 1.0 - - - - :
COLEOPTERR (Adults) -
Ad  Stephyhnidss spp - . - . - . - .- o5 - - - - -
27 Hydrephykidae sp. - . . . - - - - < - o5 - - - -
COLEOPTERR (dervat)
2 Carabidat 29 5] - - to- - - - - - - - - - . -
a9 Scophy Linjdae 5p - - . - - .- - - - - ) - - - -
30 Centharidae s - , - - - - - - - - - . s - -
kY] Elaleridag 30" . o5 . . . - - - . - . - - - -
3| Curculioacdat spp . - - - - - - - - - . - - - -
DIPTERA (hat¥ed) .
Tendpaiiion o o PR A R I R BN B0 B I - G R IS
Cyclorehaphe S,p'; - 0 - - - ~ 30 -3 - - - o5 - -
DIPTERA (Pupas)
Ji Cyclorrhaphe  $pp - - - - - - - - - 10 - - - . -
37 ARACHNIDR M oTHER ARTHROPOOR
39 ARANEIPA - . - o5 - - (-] - - - - - - -
AcARt Tetal | 740 30 | 105 1§ 1-0 W6 | 668 | 90 | (10| 56 | FO 85 1430 | 145 | S0
ORIBATEL Tetal &0 - - o5 - 05 | Mo a5 o g0 . -« |. TS 75 | 3390
“3'0‘1\“0!"0 Fufales - - - - - . - - - - - - 1.0 - -
Caratejetes “ar.u(ln - - - - . - ({7 - - - . R 20 - 1.0
Rchipteria trata - - - - - ;" 30 - o5 3o . . 30 o-$ o-§
Ewgetes e‘t:b o-f - - - - - a0 - -3 of | - . 10 - o5
Puncteribates punctum 1o - - ob - - w0 1o 2.0 25 - - 130 10 b0
Miauatheyetes Samirufus 20 - - - . - 139 - s 30 - . 3.0 ao | 210
Oppia clavipectinate - - . - - - (34 - - - . - (&4 - a0
Orcbaila lancesiata . - . - - - 8 - - - - . 1 00 - -
Oribelin mui R 0s - - ‘e - - 3~:_' - - .- - - 35 ro -~
Scutoverban sculping . - - . - . o8 - . - . . - v Y
Immature Ontbotai - - - - .. 0.8 90 o-§ . . - 5 - o5
Undal Oribatel . - - - - - - o5 - - . - - 10 -
ACARIDIRE Total 7.0 "5 - 20 - o5 | 13§ oF -0 . o8 WS | 1.0 3¢ Q8
Aearus sire o5 t-o - - . - - - - N < by 2 o5
T oot os | os| ° 20 | - T |is) os| os| - o | w| w0 | .
& - | - - . - ] - -
Glyraineges dastracter : - . - - os | - - o1 - . - *o | do| -
MESOSTI&MATA Total 30 123 .5 50 1o 30 | aso o0 #0 &0 &5 ko | §40 o] 170
Ahodacarus rosteg o5 - o - - - 1'0 50 oF o6 30 e o's a»eo o 0
Rhodacarsius Spygiaialis fo o 1o t-0 - . »5 5o 20 3o - 5 %0 - 3-8
nemersnsis - - - - - - 1o - - - - - os. - .
Peryanatus ru - - - - - o 10 - (2] . -5 . as - o-s
amaset misellus - - - o8 . - a9 - - - 0§ . 18 - oy
Pachylasiaps sp. - - - - . - . - - . - . - - -
Diga mastiug reLiculatus - - N - - - 30 - - - - . s - .
Arctogeiopels minutus . - - . - . "o - - - . .- - . -
Aliphis halteri - - o5 | -~- - . - - - - .- . - . -
Cosmaladaps tl.v‘“?lf of - - - - - - - - - - . - - -
“.“““w peni u.".f - - - a‘s - - . s - - - _o‘ - - .o.s
aapie aculeifer - - - . - - . - - - - - -
l?v m’:nmm ¢ - . oS . - . 'y} - - - o5 . 3o | . - IR
Dhaom Cetraphylius L. L - - - - .- . - - - - .. L. - -
Oledigcus minl ma of . - - - - Ao - - - - - 20 5 -
Im mature Mesostiqmata . o8 05 a0 30 0.5 8§ | . be of -0 o -5 o8| to o5 53
Vadel. Mesgestiy - . s 0 =Y - s - - ‘ o8 . < v
PROSTIGMATA .
Chegates sruditus - — 1.0 - - - - - - - . - L s - .-
HETEROSTIONATA : )
,,-c'luru spp - . - - - P . - - 08 S - - - 0
Undet- fcarc - , ’ - - o8 - - - - -~ - - -
71| PRUROPODA - : - . - - o - - - - - . . -
go[ToTAL ARTHROPODA k65 | 110 | 30.5| 598 80 | A0S [t4bs | 235 | 208 | 976 | 200 | 198 Ja74e | 185 | 90




