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Historical Review.

The earliest attempt to study the soil fauna in
Europe was made by Diem (1903). He was followed by Holdaus
in 1910.

Zoologists in America followed these European workers
by studying the oecology of insects and other invertebrates
in the soil. MacAtee (1907) made preliminary survey of the
forest floor for insects and other invertebrates in order to
study their relationships for bird food. Insect surveys of
the soil then commenced, and the work of Shelford (1937),
Vestal (1913), and Adams (1915) is of significance. McCul.och
and Hayes (1922) investigated the reciprocal relationships
between the soil and insect population., Meanwhile in England,
a series of intensive researches were carried out. Cameron
in his first four papers (1913, 1916, 1917, 1925) conducted
the first soil fauna survey in England, and his work greatly
contributed towards the knowledge of this subject in that
country. Buckle (1921, 1923%) came to the conclusion that the
soil fauna of grassland was more stable in distribution and
numbers than in arable land, His papers describe the effect
of fafm manure on arsble land at Rothamsted. Thompson (1924 )
confined her investigations to pasture land and concentrated
upon the guantitative and qualitative seasonal changes in the

/ soil fauna....
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to exclude above ground forms,

The volume of the sample is largely dependant upon the
capacity of the apparatus available for the extraction.,
Thompson (1924) believed that a 9 inch cube was the most satis—
factory size from the point of view of statistical accuracy.
Ford {1935, p.196) found such a cube unsatisfactory for those
soils which were largely composed of clay., Whatever the
choice of sample size may be howeveér, its uniformity must be
maintained throughout the invesgtigation.

Here, the apparatus used for extracting the fauna was
designed to take a sample of 64 cubic inches. The restrictions
in transport made it desirable that the sample should not be
too bulky, and samples of this size conveniently fitted into
4 pint. screw-top Ball jars. The size of the sample was thus
a cube measuring 4x4x4 inches, or a cylinder of 3 inches
diameter and length 9 inches. The boring tool previously
described conformed to the reguired dimensions,

(d). Storage and Transport.

The transport of the soil samples for faunal examination
was made in screw-top Ball jars, those for chemical analysis
in cloth bags, and those for physical determinations in test
tubes fitted with well fitting corks (Fig,3).

To prevent drying out of the soil, the screw-~top jars
were fitted with rubber~ring washers. Samples have been kep't

/ for-n-c
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TABLE 1,
% Extraction,
Sample % Initial % Terminal Funnel Machine Faunal
Moisture Moisture Total

a 30,75 L. 47 86 14 899
b 27.48 3.82 79 21 213%
c 16.23 3.56 70 30 70
d 15,44 3.09 Lé 54 52
e 14,36 3.98 57 43 L7
£ 14,26 3.34 37 63 24
g 13.59 5.85 37 63 46
h 10,08 3.40 49 51 37

TABRLE 2a TABLE 2b,

Acarines, Collemboles,

% Extraction, % Extraction, _

. i
Sample Total Funnel MNsachine Total Funnel Machin Moistur:

a 726 95 5 134 51 49 30,75
b 139 94 6 70 50 50 27.48
c L6 N 26 20 60 LO 16,23
d 22 59 Iy 18 35 65 15.441
e M 74 26 11 37 63 14.36
£ 18 L 56 5 25 75 14,26
g 24 61 39 9 22 78 13,52
h 17 55 45 [ 0 100 10,08
Total 1023 Total 273
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fauna consistg of Collembola and Acarines, the efficiency
of decreasing the humidity by raising the temperature, as a
meens of extraction, is in proportion to the increase in
the initial moisture content of the sample.

Ford (1937, p.101) used a Berlese funnel operating
at 50 degrees centigrade and found that the greater part of
the catch came through in 24 hours. The present findings
were consistent with this result,

The Berlese funnel was used ih this investigation for
the extraction of the Ao horizon, as this was composed largely
of organic matter. A high organic content in the sample was
found to lower the efficiency of the flotation process, due
to the difficulty of separating the fauna from the residue
during the final treatment, The funnel was maintained at a
temperature of 50 degrees centigrade, which gave a soil
temperature at 1 inch depth of 31 degrees at the periphery,
and 30,5 degrees at the centre. The faunal extract was
collected in 70% alcohol, and examined under the low power
of the binocular microscope, with the aid of a black filter
paper and the source of illuminstion suiltably adjusted,

A wetting agent was employed to reduce the surface tension
and facilitate the sorting of the catch.

The extraction was divided into four phases:-

(1) An initial maximum phase due to small lumps of soil on

/ the....
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the sieve drying rapidly, while the main bulk of the sample

was unaffected,

(2) A maximum phase due to a change in temperature in the
seventh hour, and shown by the reaction of the fauna
against this.

(3) A maximum phase correlated with the fall in humidity.

(4) Emigration small,as all the fauna have either been
expelled or killed by the low humidity.

Table 38 (Appendix) illustrates these four phases, The
second maximim occcurs during the tenth hour., There is no
regularity in the build up to the maxima, the greatest numbers
of animals are expelled over a period covering eight hours,
and at the termination of this period, there is a sharp fall
in the numbers captured, .Figure 5 shows this in the form of
a histogram,

Figure 6 gives a curve showing the water content of a
sample during desiccation in the Berlese funnel, The moisture
content shows a regular decrease except at the initial stage
with which phase 1 is coincident. This stage covers from
one to two hours,and corresponds to that period of time
required to bring the contents of the funnel to a uniform
temperature,

Tragardh (1933, p.208) has shown that the point of
desiccation exerting the most active influence on the migration

/Of.lﬁ'
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of the fauna was 20 percent. The data from this experiment
seems to indicate a somewhat lower value.
a(2). Ford (1937,p.101) used a modified form of Tullgrens

apparatus (lelgren.1917) in which a battery of 12
funnels were electrically heated from above by wire coils.
Bornebusch (1930,p.21) used a carbon filament electric bulb
of 35 candle power as a source of light. His extraction values
were somewhat lower than Tragdrdh (1933), who believed the
discrepancy to be due to the intense heating from the lamp.
Haarlov (1947, pp.115=120) showed that Tlllgrens apparatus
could be meodified according to the nature of the habitat.
He modified the original design so that it could be used in
the three habitats of Common, Forest, and Lake Banks,

Two sources of error occur in the use of this
apparatus:-

(1) Pormation of dew on the inside of the funnel.

(2) Paralysis of the fauna,K if the temperatures rise

too high or too rapidly.

b{(1). Morris (1922, p.197) made an important step forward

when he introduced a method for washing soil through
sieves , There were however, serious disadvantages in the
use of this method. The agitation and friction was found
to damage the fauna, and it was impossible to use the |

apparatus for dealing with a large number of samples required

/by-noo
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by experiments designed in accordance with modern statistical
procedures, King (1939, p.277) points out that these washing
and sieving technigues cause loss of immature or fragile
forms, and besides it was often difficult to distinguish
between species alive or dead, prior to the process, Shirck
(1930, PP.991~994) modified Morris's method for the extraction
of eggs and the young of earthworms. Lane (1928, pp.934~936)
used a sifter with screens which were shaken to and fro' by
a handle, and Jones (1937, p.125) developed a more mobile
power sifter,
c¢(1). Thompson (1924) and Edwards (1929) both sifted the
5011 as a preliminary treatment and washed small
portions at a time, This process of subdivision was very
tedious and time-consuming, and the minute fauna might easily
be lost by tending to adhere to the walls and mesh of the
sieve., A simil&ar difficulty was encountered when attempts
were made to centrifuge soil, as the debris was retained on
the walleg of the centrifuge tubes,
c(2)., TPFord (1935, p.196) cut a sample 3x3x9 inches in half
inch layers, and each layer was broken up under water
with the aid of needles,
Daniels (1933) devised a method, which proved success—

ful for obtaining the larvae and pupae of Epitrix cucumeris.

This consisted of agitating the so0il in pans filled with

/ water,..,



- 26 -

water. The fauna floated on the surface and were caught on
screens of increasing fineness,

Ladell (1936, pp.862-869) described an apparatus
(Fig. 7) for the rapid and efficient extraction of the soil
fauna, the principle of which depended upon the flotation of
the animals in a strong solution of Magnesium sulphate, the
specific gravity of which was greater than that of the fauna.
The freeing of the faunse from soil lumps was facilitated by
meang of a fine stream of air bubbles and stirring, The air
stream freed the fauna from the soil and these rose to the
surface of the ligquid in a froth, mixed with organic debris,
most of which was held back by & coarse sieve placed just
below the pur.ace c¢. the _iqui. _1 e -_..i_ion ¢,____:r,
The level cof the liguid in the c¢ylinder was raised by a
gradual inflow of Magnesium sulphate solution by gravity
from a reserveir,

By using this apparatus, Ladell obtained counts for
the soil insect population far in excess of those recorded
by the majority of workers, It has been employed by Baweja
(1939) and Glasgow (1939). Recent modifications have been
introduced by Salt and Hollick (1944), Cockbill, Henderson,
Ross and Stapley (1945), and Strickland (1945).

TECHNIQUE USED IN THE PRESENT INVESTIGATION,

A modified form of Ladells machine (Fig. 8) was used,

/and, ...


















CHAPTER 2,

THE DESCRIPTION AND LOCATION OF THE SAMPLE SITE3.

Factors in the choice of the Sample Sites.

Marbut (1935) defined soil as follows:—
"The soil consists of the outer layer of the earths crust,
usually unconsolidated, ranging in thickness from a mere
film to a maximum of somewhat more than ten feet, which
differs from the material beneath it, alsc usually uncon-
solidated, in colour, structure, physical
chemical constitution, biological charact
in chemical processes, in reaction and in
This definition distinguishes betw
material and emphasises the characteristi
a natural body. It is however more than
weathered rock and decayed organic matter
which differentiate the soil from other ¢
crust are the following:-
(a) Certain well defined groups o
tn Aiatinetive necinng of the
geological formations are not
(b) Soils are generally layered,
the body depending upon the Cuwuivivuae uiuvs

which it developed.
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(3)

(4)

(5)
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The samples were obtained in dense stands of the
desired timber. (Figs. 13,14,15)

The samples were obtained within an area of not
more than one square mile,

Uniformity of geological formations persisted in
the areas investigated, and the samples were

taken, when possible, during periods of normal

- climatic conditions.

The effect of man's activities upon the environ-
ment wag: in many cases impossible to avoid, The
obvious effects were however eliminated by a

suitable choice of site, (Fig.16)

The Soil Profile,

In normal forest sc¢ils, the bulk of the organic matter

lies on or

near the surface, This top portion of the soil

has been termed the "Humus Layer", which owes its character-~

istic properties to its content of humus, Forest humus

layers have been divided into two main groups, (Heiberg and

from the mineral soil, unless the latter has been

blackened by the washing in of organic matier,

/ These....
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These forest humus layers are by no means uniform
throughout their depth, and horizons cen be distinguished
within them, Lutz and Chandler (1947, p. 168, quoting from
Hesselman, 1926) recognised three layers:-

(1) Litter (Aco Horizon). Consisting of the dead and un-
altered remains of plants and animals,

(2) Formultningsskiktet (Ao Horizon). Consisting of partly

decayed organic matter,

(3} Humusamneskiktet. (Al Horizon), Consisting of well

decomposed amcorphous organic matter mixed with the
mineral soi.
Figure 17
humus layers heal
Hesselman's scher
uéing the annotail
foresters prefer,

Sampling the Soil

The Aoco hc
the above-ground
18 not part of tt
is an important =
this horizon were
difficult to seps
collection was substituted, and portions taken which

/ were...,


































































CHAPTER 3.

SOME PHYSTCAL AND CHEMICAL ASPECTS OF THE SOIL ENVIRONMENT,

The different methods of extracting the fauna from the

soil and the factors determining the chocice of the sample sites

have been discussed in some detail, with the object of:~

(1)

(2)

(3)

Choosing a method which would give maximum
efficiency in sampling and extracting the fauna.,
Choosing suitable sites so as to obtain a represent-
ative sample of the soil environment,

Adopting a standard sampling technigue, 8Since
laboratory methods are standardised, the methods

of taking samples must be as far as possible

systematised,

We cannot hope to analyse all the physical, chemical

and biological interactions which must take place within the

soill, but it is perhaps desirable to enumerate a few of the

more important factors, which acting together are determinants

in this portion of the Riosphere, and which are relevant to

the present investigation. These factors may be arbitrarily

grouped under three sections.

(1)
(2)
(3)

Physical interactions,
Chemical interactions,

Biological interactions,

As a considerable body of knowledge has been collected

/ concerning....















stable aggregates result,

Figure 26a.1,2,3 shows the degree of dispersion of the
aggregates in the three soils on thé addition of wester. The
aggregations in the Natural Forest soil are somewhat larger
and more perfectly developed than in either of the other two
soils.

Figure 26b.1,2,3 illustrates the degree of aggregation
obtained on dehydration in the same s0il types. The Pine and
Bluegum socils both show guartz crystals,

(2) Liguid Phase.

The liguid phase of the soil is perhaps the most
important factor involved in the physical, chemical and
biological interactions which take place within the soil.

The other physical properties of the soil, which have already
becen discussed, all influence the liguid phase to some
degree, but in many cases the relationship which they bear

to this phase alone is of importance, From the ocecological
standpoint, the liguid phase is of great significance, acting
in many instances as a single detérminant.

The relationship between water and temperature ié
well known, The importance of this relationship in soil
oecology lies in the fact that the overall effect of water
in the soil tends to reduce temperature fluctuations. A
moist cool s0il is thus more favourable to life than a

/ hot....
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of the soils in the Pine and Bluegum plantations is assisted
by the open nature of the leaf-canopy, and by the fact that
considerable guentities of water are held at the surface of
the soil. In distinction to this, the Natural Forest soils
are protected by a denser leaf-canopy, and water is held
within the deeper layers of the soil body.

The capillary and noncapillary capacity is also
related to the organic distribution, and differences in the
capacity are reflected in the differences in moisture
retention during end after veriods of precipitation,(Table
10). The rate at which water enters the soil is thus
governed by its 1nitial moisture content, Under conditicrs
of heavy precipitation, percolation through to the B horizons
is more likelv to occur in the Pine and Bluegum soils than
in the Natural Forest soils. A layer of acid organic
material on the mineral soil would be more conducive to the
formation of a podzol in the Pine and Bluegum soils,than in
the Natural Forest under simili¥ar conditions of precipitat-
ion,

The pH Values.

Before discussing the significance of the pH of the
Ao horizons, it is thought desirable to direct attention to
the four most important factors which influence the H.ion
concentration. Of these, the drying of the soil and the

/ time..,.
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Fig,31 - Numbers of Fguna in
an average volume (356 cu, ins.)
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Fig,32 = Numbers of Fauna in the Cores. L.-R. A,
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Fig.%5 - Total Organic Fraction of 4
Horizon, L.,- R. B, Ct-3%, Cl-6, D, FG
Series,

Histogram reads from left to right, Natural
Forest, Pine, and Bluegum,
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The Water-Soluble Mineral Fraction.

Data on the water-soluble mineral fraction are given
in Table w©° (Appendix). The slighty lower values for the
Pine and Bluegum scoils is probably a result of podr-""--*+*--
In the D series, which were sampled immediately after a rain-
fall, the values are decidedly higher than the corresponding
Natural Forest scil. This suggests that the water—-scluble
minerals have been washed in from the humus layers,

The Carbon/Nitrogen Ratio.

The values for the nitrogen content are given in
Table 15,against the corresponding soil organic fractions
upon which the analyses were made., It will be seen that
the lower values correlate with a lower organic content,
On the other hand, comparing the nitrogen values for the Ao
horizons show that a higher organic content is correlated
with a lower nitrogen value. The effect of leaching appears
to be partly responsible for the differences between the A
horizons of the Pine and Bluegum soils, but a biological
factor is probably responsible for the decrease of nitrogen
in their Ao horizons, in view of the higher nitrogen content
of the foliage.

An expression of the rate of decomposition, and thus
to some extent a measure of biological activity, can be given
by means of the G/N ratio., The outstanding principle of

/ change....
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be however, that as a consequence of a relatively higher
concentration of H,ions, the soil fauna undergo a change in
an unfavourable direction, and nutritional disturbances due
to difficiences of nutrients (Calcium or magnesium), and

to toxicity of certain elements (iianganese or Aluminium)
develop.

The evidence resulting from the examination of the
data apnpertaining to some ¢f the physical and chemical
properties of the soil, points to the fact that the Natural
Forest soils offer more favourable conditions for an active
soil population than either the Pine or 3luegum., This is
due in part to the composition of the folisge. The low
relative base-status of the Pine and Bluegum foliage, and
the unincorporated layers of organic material on the soil
surface, have resulted in the formation of a podzol profile

with decreased faunsl numbers within the mineral soil,
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bacteria play a subordinate part and the fauna is chiefly
represented by the mesofsuna, which are confined to the
organic layers, and so are not capable of mixing the organic
material with the mineral soil, The small number of macrofauna
that do occur however, are also restricted to the organic
layers and therefore cannot influence the mixing process. This
" Mor type " of humus layer is characterised in the field by

a layer of unincorporated organic material resting upon a
leached mineral soil, since the organic acids and humus
substances'washed away from the humus layers,cause leaching of

the upper layers of the soil.
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inhibit bacterisl growth. The cause of the higher values is
not known, but it is possible that other factors, besides
bacteriological, are acting as determinants.

Figure 51 shows the qualitative microfaunal composition
of the mineral soil. The differences between the values appear
to be a reflection of the differences in the soil profiles.

The protozoan fauna of Coastal Scrub, Mixed Pine, Trampled soil,
Oak, and Sclerophyll Bush is given in Figure 52. Reference to
Table 0 (Appendix) will show that the values are partly an
expression of the organic content of the soil. It is
interesting to note that, in spite of the low organic content
(2,20%), the Trampled soil is able to support a number of
Protozoa,

| The soil reaction appears to have no appreciable effect
on the microfaunal composition of these soils.

It is noticeable that investigators, who have devoted
most attention to the distribution of the soil protozos,
avoid detailed generalisations of any kind., Thus Fellers and
Allison (Loc. cit.) content themselves with a statement that
" in general fertile soils are richer in Protozoa than unfertile
ones ", This is probably as much as our present knowledge
allows us to assert with any degree of certainty. If the
relative abundance of organic matter in the soil is an
expression of fertility, then the results of the present
investigation are in agreement with Fellers and Allison's

assertion,
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