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1. INTRODUCTION

This paper gives an account of a systematic

investigation of the fauna in soll covered by Eragrostis

curvula (Schrad.) Nees from Potchefstroom, Republic of
South Africa, extending over a period of one year from

November 1st, 1962, to October 17th, 1963.

The investigation is mainly concerned with a
gquantitative seasonal exanination of the goll mesofauna
together with some environmental factors which could

exert an influence on the soil faunsa.

Van der Drift (1951) defined the soll fauna as
those animals that occur in the soil either during
their whole life or in one or more of their developmental
stages. If a species spends only a part of its 1life
in the soil then only this stage is considered to belong

to the sgoil fauna.

Fenton (1947) divided the fauna of the soil into
three groups according to size:s nicrofauna
(0,001 - 0.040 mm), mesofauna (0.040 mm to several cm)
and macrofauna (above several cm). Van der Drift (1951)
followed the same bagis of classification; he
distinguished between microfauvmna (0.02-0.2 mm),
mesofauna (0.2 - 2 mm), macrofauna (2 - 20 mm) and
negafauna (2 - 20 cm). Van der Drift divided the

mesofauna further into:

A. Micro-arthropods: nites and collemboles,
0.1 - 2.0 mm in length, obtained by des/ccating

goil samples.

B. Remaining nmesofauna?: nematodes, rotifers and
tardigrades, obtained by plunging the samples in

water.
. This/ e e e
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This investigation deals only with the mesofauna in
group A Acarina, Collembola and other arthropods of

gimilar size.

Based on vertical distribution, the soil fauna 1is
divided by Gisin (see Haarlov, 1960) into the real soil
inhabitants (eu-edaphon), litter inhabitants (hemi-
cdaphon) and inhabitants of the soll surface (ep-
edaphon) . Thig study is concerned with the soil
mesofauna in the upper 5 cm of soil only, since the

sanpling tool used had a height of 5 cm.

Samples of soil were removed from plots on which
grass (BE. curvula) had besn growing for one, two and
three years respectively. One of the original ideas
was also to study the effect of the age of the stand
of grass on the soil fauna, but unfortunately the plot
covered by three year grass was ploughed four months
after the investigation was commenced. An investiga-—
tion on the effect of ploughing on the soll fauna was
not one of the objects of the present study but it has
been possible to obtain some information on this.
Because there were apparently no major differences in
the composition of the fauna of the remaining two
plots, the data obtained from these two plots were
combined and treated as such in the analysis of the

goil fauna.

For the purpcse of this investigation, a
maximum of only 15 sampling units could be taken on
each sanmpling occasgion i.e. five sampling units on
each plot. At the beginning of the study it was
decided to take a set of sampling units twice every

month, about a week apart, to obtain a set of 10

sampling/.......
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sanpling units per plot per month, & number more
sultabhle for statistical analysis, but as a result of
often great variation in numbers of soil populations
within the short period of a week, it was decided to
keep the data obtained on each sampling occasion

separate.

The period of study was characterised by
abnormal rainfall, which diverged widely from the
previous means (see figure 1). Good rains fell during
the first and second ten-day periods in November, 1962,
‘after a period of drought. With the exception of the
gecond half of January, 1963, rainfall during 10-daily
periods from Decermher until the niddle of March, a
period which is usually characterised by good rains,
was below the long-term average. Good rains fell
during the first 10 days of April, 1963, as well as in
May, 1963, and in June, 1963, — months usually with a

low rainfall.

Much work has been done on the soil mesofauna in
various parts of the world but little is known about
the soil mesofauna in African soils.  Salt (1953,
1955) investigated the quantitaetive and qualitative
agpects of soil micro-arthropods in pasture and arable
501l in Bast Africa and Belfield (1956) investigated
the vertical distribution of the various groups of
arthropods in pasture soil throughout the dry and wet
season in West Africa,  Iawrence (1953) published
an excellent work on the biology of the cryptic

fauna of the indigenous forests of South Africa.

2. AREBA/veviess
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2. AREA OF INVESTIGATION

The investigation was made on three experimental
plots situated at the Agricultural College and Research
Institute, Potchefstroom. Potchefstroon (ITat. 26°
44138, Tong. 27° 05'E; nean height above sea level
1352 netres) is situated on the banks of +the Mooi River

in the Western Transvaal.

The three plots (A, B and ¢) were covered with
grass (E. curvula), which had been growing for one,
two and three years on A {(block ¢ plot 38), B (blok G
plot 44) and C {(blok G plot 38) respectively. No
other plants had grown on the plots during the period
of investigation. The ground had previously been
under a standard crop rotation and nust be considered
ag land under cultivation rather than permanent grass-—
land. The habitats were very homogeneocus so that
randon sampling could eagily be applied. Fach plot
was approximately 30-35 yards long and about four yards
wide and was surrounded by other experimental plots
(see plates I, II, III). The plots had a fairly
uniform surface, evenly covered by the grass (see
plates IV, V). No grazing of the experinental plots
took place, but the grassg allowed to grow for hay

was cut at regular intervals during the summer months.

3. ANALYSIS OF THE SOIL

3.1 MECEANICAL ANALYSIS OF THE SOIL

No mechanical analysis of the solil studied was
made during the period of investigation but Baier (1563)
.gives a mechanical aralysis of soll from the same area

as that/.c.eeeu..



Plate I.

Plot A.

Plate II.

Plot B.

Plate III.

Plot ¢ (Ploughed).



Plate IV, A close-up of the vegetation
of plot A.

Plate V. A close-up of the vegetation
of plot B,
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as that on which this study wasg based and describes

the soil as follows:-

"The nechanical analysis in table 1 indicates a
remarkably uniforn texture throughout the profile of
the sandy clay soil. The sand fractions vary fron
7.6 to 5.2 per cent, the latter figure referring to the
subsoil. The silt figures are generally lower than
those of the sand fractions. The colloid clay
content (i.e. ¢ 0.002 mm) increases from about 34 per
cent in the surface layers to 39 per cent at a depth

of 24 - 30 in."

3.2 CHEMICAL ANATYSIS OF THE SOIL

During the period of investigation the plots

received the following manurial treatments:

1. ILimestone ammonium nitrate (20.5% N)

Period Date of manuring  Anmount of
nanure
1961 - 1962 6 Dec. 1961 100 1b/rorgen

14 Jan. 1962 "
1962 - 1963 27 Dec. 1962 t
28 Jan. 1963 .

2.  Superphcsphate (19.1% P, 05)

1961 1 May 1961 900 1b/morgen
1962 14 Jun. 1962 "
1963 , 27 May 1963 [

A composite soil sample was taken from each plot
for chemical analysis. The analysis wag made by
the Fisons laboratories, with the following remarks:-
The carbon was determined and converted to percentage
organic material using a formula. For this estimation
a conversion factor was used. The phosphate

determined/......



TABLE 1

Mechanical analysis of the soil from experinental
plots, block D, plot 67 at the Agricultural College

and Research Institute, Potchefstroom. (after Baier,

1963)
Dopth Fractions
Clay Silt Fine Sand
0.002 mm 0.002-0.02 mn 0.02-0,2 mm

in. % 0 0
-3 34.5 4.4 7.6

3 -6 34,1 4.0 6.8

6 - 12 36.0 4,2 5.9
le - 18 37.7 o4 6.0
18 - 24 37.6 3.2 5.7
24 -~ 30 39.6 3.6 5.2
30 - 36 35.4 4.4 5.9

TABLE 2

The chemical analysis of soil covered by E. curvula

from plots A, B and C, made on 21 Aug. 1963.

Colour | K | pH L( PH{ % B,0-%50| cao| ma
and con— (H, 0 MECD) | oxg. jppai. ppm ppipp.m
Texture |duct. 2 naty
Plot A| B s, 1 27 1 5.81 4.5/ 2.1} 28 [205]| 810 18
Plot B n 26 | 5.5 | 4.3(2.0| 44 |130]| 515] 20
Plot G L 97 | 5.8 { 4.6|1.5| 38 {200 {1160 | 30
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determined was the accessible or readily soluble

phosphate. The result of the chemical analysis is

tabulated in table 2.

4 factor which is particularly noticeable is thé
low percentage organic material in the soil in all three
plots, notwithstanding the fact that grass had grown
for more than two years on plot C and more than a year
on plot B. The surface of the soil of plots B and C
wag covered with & thin layer of undeconposed grass.
The lack of organic material in the soil was probably
due to the fact that the greater part of the production
was renoved from the field during cultivation, leaving

practically no litter.

4. QLIMATE OF THE AREA INVESTIGATED

The figures for the climatic factors which could
not be measured in the habitats studied, were obtained
fron the meteorological station of the Agricultural
College and Research Institute, Potchefsiroom,

situated near the area gtudied.

4.1 ATIR TEMPERATURE

Alr temperatures were recorded in a Stevenson
screen, four feet above the ground and are given in

Table 3.

4.2 SUNSHINE AND EVAPORATION

The sunshine hours and evaporation for the

pericd of investigation are tabulated in table 4.

4.3 RAINFATL/..eus..
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TABLE 3

Maximun and minimum air temperatures for the period

of investigation (October 1962 - October 1963).

Mean Mean NMax. + Min.
Month Da@ly Da;ly o
Maximun Minimum
October 1962 29.7°%C 11.8 20.7
November 26.5 14.2 20.3
Decenber 30.C 15.0 22.5
| January 1963 7.2 15.5 21.3
February 29.0 14.8 21.9
March 26.7 12.7 19.7
April 23.0 8.4 15.7
May 19.7 2.8 1l.2
June 17.2 1.2 9.2
July 17.2 0.3 8.7
3+ Augus¥t 21.5 1.4 11.5
Septerber 27.9 9.1 18.5
October 28.1 11.4 19.7
]




TABLE 4

Sunshine hours and evaporation October 1962 ~ October

1963

Month Sunshine hours Evaporation rm
October 1962 9.7 213.5
Novermber 7.0 144.,8
December 10.2 217.5
January 1963 7.3 | 163.1
February 10.6 : 185.8
| March 8.3 149.5
1 April 8.2 103.4
May ﬁ 8.5 80.1
June 6.8 51..8
July 7.9 66.9
August 9.6 106.9
I September : 10.0 154.2
| October 8.8 171.8
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4.3 RAINFALL

The rainfall was measured a few yards away fron
the sanpling site. In table 5 the total daily

rainfall in mn for the period of study is given.

4.4 SOIL TEMPERATURE

The soil temperatures were nmeasured in the field
Wwith 2 soil thermometer at a depth of 5 cm (i.e. the
height of the sample container) on each sampling
ocecasion throughout the investigation. Two readings
(often three) were made on each plot to obtain a nean
value. In table 6 the average soil temperature for

each plot on each sampling date is given.

Curves of the scil temperatures were drawn
together with curves of the soil population (figures

5! 6! 7)'

4.5 MOISTURE CONTENT OF THE SOIL

Estimation of the moisture content of the goil
wag carried out throughout the investigation. An
average of two soil sanples were taken at random on
each plot on every sampling occasion to deternmine the
soll moisture content. The size of each soil sanple
was approximately 100 cc taken to a depth of 5 cm i.e,
the height of the sampling tool. Immediately after
ganpling in the field, the scil sanples, in aluminium
containers with tight-fitting caps to prevent
evaporation, were brought to the laboratory where they
were welighed and then oven—dried at 110°C until their
weights remained constant. In table 7 the moisture

contents of the solil garnples are expressed as

percentages/ceee..
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Average soil temperature in Y,

o 1B s

TABLE 6

Date Plot A Plot B Plot C
1 Noverber 1962 33.3 2546 30.0
|7 November 30.0 30.0 30.0
4 December 34.4 i 1 9 8 o 1 P 2
11 December i.L 36.9 3 o2
3 January 1963 4343 43.3 35.6
11 January 27 40 320 27.0
5 February 23+ 3 22.0 21,7
12 February 27.4 29.1 2T«2
5 March 26.6 26.6 239
12 March 17.8 16T 17w
9 April 156 16.4 16t
17 April 14.9 14.7 4.6
1 May 22.8 20,2 23.0
8 My 19.4 19.0 18.7
|5 June 7.9 9.7 Bl
113 June 11.%9 13.:1 15.0
1 July 14l 13.8 16,0
26 July 8.5 30 .2 14,1
6 August 10T 1442 Tl
14 August 12,9 14.3 19.1
4 Septenber - 16.5 -
11 September AN 18.4 25.4
2 October 2146 20.8 24,4
17 October 281, = % 22.9
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TABLE 7
Moigture content of the goil expressed as a

percentage of the dry weight.

Sanpling date Plot A Plot B Plot C
1 Noverber 1962 ; 4.83 5.05 5.04
7 November 12,82 11.94 16.90
| 4 December ' 5.08 4,72 5.77
11 December 4,05 3.09 4.26
| 3 January 1963 3.09 1.31 3.38
11 January ' 7.04 7.02 8.57
5 February 9.78 8.55 12.50
12 February 6.10 4,93 6,48
5 March ‘ 6.10 5.44 3.86
12 March 12.00 ; 9.67 9.37
9 April | 17.19 19.67 19.40
17 April - 14.64 17.29 15.05
1 May 6.37 7.21 6.45
| 8 May | 5.32 6.08 6.66
5 June .14 7.0% T.45
13 June 17.74 16.49 18.33
1 July | 17.87 T 18.74 14.31
26 July 9.63 8.40 6.26
| 6 August 7.00 6.79 6,22
14 August 6.04 : 6.19 3.48
4 September 5.12 | 5.69 3.65
1.1l September 4.81 | 4.72 1 2.57
2 October | 3.56 2.90 2.61
17 October 4.57 : 5.16 3.17
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percentages of the dry weight of the soil; the
figures are means for all the sampling units for each
plot collected on the dates indicated. These data are
shown graphically in figures 5 and 16 together with
curv:s for the fluctuations in numbers of the soil

populations.

5. EXTRACTION PROCEDURE

5.1 COLLECTING OF SAMPLING UNITS IN THE FIELD

For the survey of the soll mesofauna two series
of so0il samples were taken each month from the
beginning of November, 1962, until the end of
October, 1963, to cover one full year. A series of
samples consigted of 15 sampling units, the size of
cach unit being 105.37 cec, and was divided between the
three sampling plots. Therefore, on each plot five
sampling units were taken on every sanpling occasion.
The two series for each month were ag far as possible
taken one week apart, This amounted to a total of
360 sanpling units, spread over twelve months (30
units each month) and three plots (120 units on each

plet) .

The five sampling units were taken in a diagonal

line over the plot, about six yards apart.

For the removal of the soil sample from the soil
a sanpling tool was used which also served as the
sample container. The sampling tool consists of a
brass cylinder 5 cm high, with an outside diameter
of 5.62 cm, an ingide diameter of 5.18 cm and a
volume of 105.37 cc. One end of the cylinder is

beveled/......
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beveled te form a cutting edge so that the cylinder
can penetrate the soil more easily. In practice the
sample container was pressed or, when the soil was very
dry, hammered into the soil to a depth of 5 en i.e.
the height of the sampling tool. The soil at the
lower end of the sampling tool was then separated by
neans of a small spade, and the tool with contents
1lifted out of the soil. In order to keep the soil
sanple undisturbed, small metal plates, which were kept
in place by a rubber band, were placed on the top and
the bottom of the sample container. An attempt was
made to keep disturbance of the sampling unit to a
ninimun, but because this investigation was carried
out on scil with a sandy nature which became very loose
when dry, it was often difficult to obtain undisturbed

soll samples.

After the removal of a geries of sampling units in
the field, they were immediately transported to the

laboratory for extraction.

5.2 EXTRACTION OF THE FAUNA FROM THE SOIL
5.2 1 EXTRACTION APP.RLTUS

The extraction device used for the quantitative
extraction of the mesofauna from the soill was that of
Averbach and Crossley (1960), a dry - funnel
apparatus which is a modification of the extraction
apparatus originally devised by Berlese (see plate VI).
It was modelled closely after that of Macfadyen
(1953) and consists briefly of the following parte:

a perspex box of 16 x 104 x 10% in. which contains
remncvable trays to held 15 sample containers and
15 small funnels, The sample holders are arranged

in Hhree vss e



Plate

Vi.

Extraction apparatus.
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in three banks of five each with perspex partitions
geparating the banks. Bach sample holder is a
hollow perspex cylinder with a flange and fits 1nto
a opening in the tray. A renmovable circular piece
of screen, upon which each sample container rests
during extraction, fits in the bottorm of the sample
holler, | Flectric wires in reflectors are used as
‘heat sources which can be conitrolled, with separate
heaters for each hank. Removable trays hold the
sample containers in position about an inch below the
reflectors. A second set of trays holds the small
plastic funnels immediately below the sanple
container. The trays slide into grooves out in the
walls and partitions so that they can be leoaded
outside and then inserted into the box, Collecting
vials for each funnel are placed on a third set of

trays at the botton of the box.

5.2 2 SAMPLE TREATMENT

In the laboratory the goil sampleg were immediately
put into the extraction apparatus for it is usually
considered that the interval between sarple collection
and extraction should be as short as possible (Murphy
1962a), The samples were put in & inverted
position In the extraction apparatus. Jacct (1936)
states that the soil sample ghould be placed surface
downwards in the funnel and that the core should be
gsubdivided sc that the thickness of sample naterial
is about 2.5 cm. In this case the solil was not
subdivided since the first 5 cm of soil were not
naturally divided intc layers except for a thin top

layer of undecomposed organic material. Hannmer (1944)

is als0/ves..
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is also of the opinion that the soil sampleskshould be
placed inverted in the funnel, without being disturbed
and teased apart as had always previously been done,
cn the grounds that handling kills the more delicate
animals and obstructs the passages through which they

could otherwise nove to the lower surface of the soil.

The organisms were extracted a2t a tenperature of
3090 at the tcp of the sample for the first day,
thereafter the temperature was increased by two degrees
every day for a period of five days., The tenperature
above the sample was then increased to 44°C for the
sixth day of extraction to make sure that no heat
resistant organisms remained in the soil sanple;
after this last day no nore orzanisms were extracted
from the soil.  Class vials filled with 70% sleohol

were used for collecting the extracted mesofauns.

Various authors (Forsslund 1948, Macfadyen 1953,
Murphy 1962a) found large numbers of organisms
remalning on the sides of +the funnel,  Thig was algo
the case in the present investigation and the animals
remaining in the funnels were carefully washed down
with 70% alcohol into “he glass vials after each
extraction. No attenpt wasg made in this study to
check the extraction efficiency. Hartenstein
(1960) is of the opinion +hat where comparative
quantitative studizg are being pursued, the rercentage
recovery is not as important as an accurate constant
proportion of recovery from each funnel for each

collection d=te,

5.2 3 HANDLING/¢evu...
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5.2 3 HANDLING OF THE CATCH

The separation of the animals from the goil and
organic matter that fell through the funnel wasg done
under a dissecting microscope by kend sorting. The
contentbs of each collecting tube were carefully washed
out with 70% alcohol into a counting dish, which was
a flat bottom Petri dish with ruled lines on the
BOttom. To reduce this volume the excess aleohol
was often removed by using a small.dropper. This
was done under the stereomicroscope to prevent the
renoval of any organisns. Counts were made
simultaneously with the separation of the organisms
from the other material under the Stereomicroscope,
usually at a magnification of 24x, by shifting the
counting dish to and fro under the stereomicroscope.
The organisms were reroved with a needle as they were
encountered and for further identification they were
placed in a hollow-ground slide with a few drops of
lactic acid; otherwise they were put directly in
small glass vialg filled with alcohol. Large mites
and Collembola etc. were taken out with a small

spatula or a fine camel's-hair brush.

5.3 IDENTIFICATION AND STORAGE

For the examination and identification of the
mites, the following method was used: The nmites
were transferred from alcohol to 2 few drops of lactie
acid on & hollow-ground slide; the delicate mites
were gsufficiently cleared within a relatively short
period, while the more sclerotized nites were warmed
in the lactic acid until they were clear. After

identification the specimens were transferred to small

specinen/......
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specimen tubes (1" x %) filled with alcohol.  For
permanent mounting, the mites were placed in a drop of

Hoyer's solution on a slide and covered by a coverglass.

6. THE CLIMATE DURING THE PERIOD OF INVESTIGATION
IN RELATION TO THE SAMPLING DATES

October, 1962, the month preceding the date on
which the first samples were taken, was characterised
by dry weather with mean daily maximum temperatures
above normal.  Although the first good rains (20.0 mm)
fel1l on the 22nd of Cctober, 10 days before the first
samples were taken, the soll was dry on the sampling
date. On November 7th, 1962, the soll was moist due
to good rains on four aays preceding the date of

ganpling.,

During December, 1962; scvere dry weather
prevailed. The total rainfall for the month was the
lowest recorded Ffor December since 1906, consezuently
the senples for the month had a low molsture content
and also very high scil tenpsratures were recorded
during that period. The soil temperature was above
normal and rose gradually Yc the end of The nonth.
These apparnuuly unfavourable conditions (high soil
tenperatures and sirmuiteneously low soil noisture)
continued until after the first samples for Januvary,
1963, were taken, when good rains fell and the soil

and air tenperaturcs decreased.

In the period beiween vhe taking of the first and
second soamples in January, o total of 15.4 mm of rain
fell and the soll was well moilstened. Sti_1l more rain

fell during/.....
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fell during the rest of January and the early part of
February and the soil moisture in the first samples

of February was relatively high, This was the only
geod rain for the summer period so far. Infavourable
conditions set in after this sample was taken and
prevailed until a few days after the 5th of March,

the date of the first sample for March. The so0il of
the second sample for March had a high mois3ure |
content due to rain (4.1 mm) on the previous day and
in contrast fto February, the soil became cooler during
March by 4.9°C at = depth of one inch as registered

at the weather station.

Heavy rains fell during April and the rainfall
for this month was above normal. On the day of
sanpling, April 9th, the soil waé saturzted with
water due to heavy rains during the presvious week,
23.2 rm of rain being recorded the night before.
5011 tenperatures had gradually decreased. On the

L7th of April the soil was still moist.

During the periods preceding the sanpiing dates
for May (a 17-day period in the case of the May 1st
sample) no rains fell and the soil temperatures

increased.

June was a typical winter month with severe
frost. Although the soil was fairly dry on the day
of sanpling, June 5th, since no rain had fal_en for
a peried of seven days before the sanpling date,
the soil benefited by a good fall (21.7 nm) eight days
before the sanpling date. The soll was agzin
saturated with water on the 13th, the second sanpling
date for June, due to rainfall of 20.2 rm +the

previous/......
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previous day and night. Except for the first few days,
which were dry, June wag exceptionally cool and humid
and these conditions seem favourable to the soil
nescfauna., The mean dailly sunshine and evaporation
for this month were the lowest recorded during the

sanpling period.

No appreciable amount‘of rain was reccrded from
July until the first week in November. The sky was
often cloudy during July and this resulted Zn below
norral temperatures at night. Rainfall for July was
slizht, ag can be seen from table 5, but due to the
high relative humidity and cloudy conditions the
evaporation was belowlnormal, as were the soil

tenperatures.

August is the last nonth of winter and no rains
fell, but sunshine, relative humidity, evaporation and

goll tecmperatures were all below long-term averages.

After the last sampling date for August, there was
a gteady rise in temperatures and it became so hot in
Septerber that it was sonetines as hot ag it is in
summer, Only 2.5 mn of rain fell on September 20th.
The solil temperatures had risen a lot compared to the
previocus month and were above the long-tern average;
ahove-normal sunshine was recorded in Septenber.
These drought conditions prevailed till October 9th,

when the soil was well noistened by 7.3 nn of rain,

7. RESULTS/¢eee.n..
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7. RESULTS

Tables 11 and 1.2 give a2 compledte list of the
specles of the faunn and the nurbers collected during

the main census from Rovember, 1962, to Octover, 1963,

f.) NATURE OF THE SOIL MESOFAUNA

The soil mesofauna extracted comprisad the
following groups: Class Arachnida, represented by the
orders Acaril e2nd Arencae, thousgh only one spider was
cucountered during the investigation; +the clags
Myrizpoda was represented by geven specinens only;
vhe clags Insecta, of which the Collembola formed the

major part, constituted cne of the major groups of the

soil megofouna,

The Collembola and “the rest of the Inszeta were
treated ag two separats groups and were not classified
further. The acari, the nost numerous group present

in this codl, were cimssificd into the suborfers

Megosiigmata, Trombidifornes and Sarcoptifornmes. The
sarcoptiformes were furthor classified into Cribatei

and Acoridiae,

7.1 1 MESOITIGLATL

The Mesostiguata and the nunbers per sanpling
unit, collected during the sampling period, are given
in o tnbhle 11, Ten gencra beleonging to five families

constituted the mesosiigmntid population in the soil

oX plots A, B and C. The family Aceocmejidae were
ropresented by the followiag species: Gamasellodes
selon.ius (Ryke), Protogamascllus sv. a, P. sp. b

(closely/.v.ovv..
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(closely related to P. primitivug Karg), P. sp. ¢,

Lagicgeius sp., and Antennoseius sp.

The family Laclaptidac included the genera

Androlaclaps, Cosmolaclaps and Gaeolaelaps (sp. near

pracsternalis Willmann).

The family Phytoseiidac included the gsnus

Armblyscius. Only one specimen of Rhodacarus

sublapidfus Ryke (Rhodacaridae) and one specimen of the

genus Kleenannia {(Amercoseiidae) were encountered.

T.L 2 TROMBIDIFORMES

The Trombidiformeg were represented by a greater
variety of organisms. Twonty cne families and 41
genera were recorded, sone of which were present in

large numbers while othcecrs were less nunmerous.

The following families and genera were encountered:

Fanily Genus
mriophyidae
Scutacaridae Tnparipes with three subgenera,

I. (Telodispus), I. (Imparipes)

and I. (Archidispus), the

latter represented by three

apecieg.

Scutacaris subgenus Variatipes

Pyemotidae Pyeriotes

Pygrcphorus

Jiteroptes

Tarsonenidae/......
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Fampily Genus

Tarsonernidae Tarsonerus

Bupodidae Eupodes, represented by three
Srecles.,

Proterecunetes

Bdellidae Spinihdella

Bigelrus

Rhagidiidae Fhagidia

Tydeidae Tydeus, represcnted by five
Species vigz. T, sp. a; T sp.
b, T. sp. ¢, Z. grabouwi
Meyer & Hyxe and T. nungteri
Meyer & Ryke

Microtydeus

Coccotydeus

Pronenatus

Cunaxidae Cunaxa, represented by two
gpecies.

Cunzxoides, represented by

three species.

Nanorchestidae Nanorchestes
Speleorchestes
Pachygnathidae Pachygnathus (?)
Caligonellidac Holothrognathus, represented by

two specicsg.

Stigmagnathus

Stigrnaeidae Ledcrmiilleria, represented

by two species.
Raphignathidae Raphimathus

Achelesg

Tetranychidae/....,..
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Fanily Genus
Tetranychidae Aplonobia, represented by two
specicy.

Hotetbranychus

Monocecronychus

Oligonychug

Schizotetranychus
Linctetranidae Linotetranus
Pseudocheylidae Pgeudocheylusg
Anystidae Chauggieria
Cheyletidae Cheyletia, represented by two

gpécieg.

Chelatominus

BErythraeidae Hzuptrannia, represented by

two specizs.

Arroleophus, represented by

three species viz. 4. sp. a,
A. sp. b and A. vignaec Meyer &
Byke

Trorhidiidae Microtrombidium (?)

Ettniilloria

T.1 3 SarCoPTIFCRLLE

The Oribatel and Acaridize were not fﬁrthor
clagsified but two species of the Oribatel and one of

the Acaridiae could bhe differentisted.

7.2 COMPOSITION OF THE SOIL FAUNA

During +the period of investigation five sampling
units were taken on zach sanpling occcasgion on each of
the three plots. On the hoginning of March, piot C,

covered/.....
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covered by three year E. curvula grass, was unfortunate-
1y ploughed anl this had 2 destructive effect on the
soll mesofauna of that plet as can be seen in figure 9.
Ag a result of this znd of th: fact that no major
differcnces in total nunbers of goil organisng were
found to exist between plot 4 and plot B (tctal number
of organismg for period of investigations—

Plot £-5,058, Plot B-4,931 ag ageinst plot 0-2,454)
anl since climatologieal factors were sinilar for all
three plots, it was decided %o combine the numbers of
801l animals for plots A and B. The numbers plotted
in the population curves are the averages for plots A
and B for cach sampling date. In order to
facilitate the comparison of the dats of Tthis
investigation with other investigations, the numbers
of organisms per s2mpling unit were maltiplied by the
factor 474.5 to obtain the nurber of organisns per

square metre.

The greatest number of organisms collected during
the period of investigation consisied of +he Acari
which scomprised 84.6 per cemt of the toital fauna of
12,443, The Collembola and other insecets were the
second nmost dmportant group os far as numhers were

concerned, with but 2 few Myriapoda present.

The Ceollembols comprised(ﬂynl per cent and the
rest oX the Insecta 2.2 per cent of the total
negofauna, Collembola wcre found in 43,3 per cent
of the total sampling units, the highegt number per
sampling unit recordel being 183 (86,833.5 per sq.
netrs) . A high percentage (80.2) of the megofauna
belonged to the Trombidiforres. In figure 2 the

poouiation/.. .. ...
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population density for cach sampling date for
Mesostigmata, Trombidiformes and Oribatel are plotted.
From this figure it can clearly be seen that the
Trombidiformes were the mos?t numerous in this soil,
comprising 94.8 per cent of the total number of Acari
collected while the Mecsostigmata constituted 3.7 per
cent, and the Sarcoptiformes only 1.3 per cent. The
highest number of Oribatei recorded during the sampling
period was six individuals per sampling unit (2,847
per sq. metre). Oribateil were encountered in only

63 or 17.5 per cent of the sampling units.

7.2 1 MESOSTIGMATA

The highest recofded number of Mesostigmata per
sanpling unit was 38 (18,031 per sq. netre) .
Mesostigmatic mites were recorded in 113 or 31.4 per
cent of the total number of sampling units, &

congiderably higher frequency than the Oribatei.

The most numerous species was Protogamasellus

sp. 2 (Aceosejidae), a rslatively snall, weakly
sclerotized eu-edaphic species, which occurred in 74
or 20.5 per cent of the total sampling units and
constituted 61.5 per cent of the total Mesostigmata
fauna. The larger nmites of the family Phytoseiidae

were the second most numerous, of which Amblyseius

occurred in 24 or seven per cent of the total
sanpling units and constitutzd nine per cent of the

total Mesostigmata fauna.

7.2 2 TROMBIDIFORMZES/,......
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7.2 2 TROMBIDITORMES

The Treorbidiformes werc represented by 21 fanilies
of which only few wore quantitatively important. The
numbers per sq. metre of these quantiitatively important
orilies are pleotted for each sampling date in figures
3 and 4, The family Tydeidae was by far the most
nunerous, representing 58.8 per cent of the Trombidiformes.
The members of this family responsihle for the high

Trombidifornes and Acari valucs were Microtydeus and

Coccotydeus, which constituted 53.7 per cent of the total

trombldiforn fauna. These two gensra were not
separated during sorting, due to their very swall size
and high numboers which nade sorting very difficult.

However, it can be mentioned that few Microtyd:us were

present and that Coccotydeus was wainly respeonsible for

the high nunbers. These two genera were prasgent in
301 or 83.3 per cent of the sanpling units. & further

merber of the Tydeidae was Pronenatug, of which only five

specinens were recorded.

Quantitatively, the Nanorchestidae were the second

rost impertant family, represented by two gonera,

Nanorchcestzgs and Speleorchegtes. The Nanorchestidae
ocourred in 73.3 per cent of the total sampling units
and represented 11.9 per cent of the total Trouwbidiformes

collceted.

Othsr important families, arranged nunerically
according to total numbers collected during the period
of investigation, were Tarsonenidae, Eupodidac and
Pyenoctidac. Although the nuvebers of Bupodldae were
mach lower at 6.9 per cent of botal Troubidifornes than
the Tarsonenidae at 11.5 per cent, Bupodidae appeared
in 41,5 per cent of the total sampling uniis as against

the 40.3 per/ceeeass
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the 10.3 per cent in which the Tarsonemidae were found.
The family Pyenotidae, mainly represented by the genus

Pygmephorus, occurred in 27.7 per cent of the sampling

units and constituted 5.4 pcer cent of the total

Tronbidiformes.

The representatives of the Tetranychidae, mostly

larvac, were found rather regularly in the soil samples,
but they do not bhelong to the tr soil fauna. Of the

Raphignathoidea group, species of the genus Ledermiilleria

‘j

nay be considered as ftrue soil inhabitants, prefering
pasture soils (Kilhnelt 1961). According to this author
the predatery Eupodidame arc alsc to be found in pasture
gsolls. Cheyletids, which were frejuently encountered,
ars not sensitive to light =2nd ‘they are in no way bound
to the soil although regularly found there. The
Erythracidac, whieh were also fr ently collected, are
sually found in the surface layer of soil and, as far
a8 1s known, they are all predatory and prefer warmth.
The Bdellids belong to the regular inhabitants of the

litter and top soil layer and feed on other small soil

anirmals (Kithnelt 1961). Rhagicdia are generally

helievad to be carnivorcus (Macfadycn, 1954).

L)

FLUCTUATIONS IN THZ SOIL MESOFAUNA

In fig. 5 the nunber of seil mesofauna per square

1

rnetre for each samnl

5 =

ing date 1s plectted in a graph
15} L

agZ2inst the seoil temperature,

b

percentage soil moisture,
and the rainfall, Commenecing at a very low level on
Hovember 1lst, 1962, a slight increasc in the nesofauna
was registered on November 7th, A dry period
Tollowed, and high temparaturas prevailed until
January 1lth. Thig period Was characterised by

s 8 8 0o @

low numbers/
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low numbers of organisms. The lowest number (2,087.8

per sq. netre) during the period of invegtigation was
recorded on January 3rd, coinciding with the highest soil
temperature and lowest percentage soil moisture. This
ninimum in the population curve was followed by a steep
rise (January 11th), reaching a sumer maxirun on
February 5th, the nurber of organisms recorded on this
date being 52,716.9 per sq. metre and the highest for the
sarmpling period. Good rains fell prior to these dates
and the soil temperatures rensined ;elatively high. An
inecrease in the populations of Tydeidaze, Nanorchestidae
and Tarsonemidae in plot A were responsible for the risge
in the total population curve. The spring and summer
nonths were characterigsd by low nusbers of organisms
except for the February peak which was accompanied by

high 801l noisture content and lower soil temperatures.

£t the beginning of March the organism nunbers were
still low but a steep rise in the curve was registered
on March 12th, which was rnaintained until the end of
bugust, the last month of winter. During this autumn
and winter periocd minor fluetuations in the soil
population curve occurred which night have been caused
by changes in the scil moisture 2s can be seen in
figure 5, The relatively dry period from May lst
to June 5th, was acconpanied hy a slight fall in the
ropulation curve, The auturm and winter period was
characterised by a fall in the soil temperatures, the

lowest being recorded duwing June, with frequent rain,

Although no rain fell during August, the soil
tenperatures were still relatively low and coupled
with this decreage in eoil noisture was the decline in

the population curve. A drastic decrease in organism

;
NULhErs, . ovua.
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numbers occurred with the rise of the soll temperatures
and the small amount of rain during September and the
first few days of October. A small rise in the
population density was registered on October 17th, due to
a total of 7.3 mn of rain which fell seven days before

the date of sampling.

In figure 6 the population curve for Acari is drawn
against the soil temperature and total amount of
rainfall for the 10 days preceding the dates of sampling.
The population curve for Acari in general shows the same
trends as the curve for the total mesofauna, except for
a stecp fall in the curve on June 13th, under apparently
favourable conditions. Both the population curve for
the mesofauna, and the curve for Acari have a summer
naxirun on February S5th (48,588.8 Acari per sq. metre)
and maxima on March 12th (38,576.9 per sg. metre) and
July 26th (39,858 Acari per sq. metre) with ninor
fluctuations in hetween. A steep fall in the curve
occurs in the dry sumnmer pericds with & minimum of Acari
numbers on January 3rd (2,040.4 per sq. metre). In
figures 5 and 6 the amount of rainfall for 10 days
preceding the date of collection is giveng no apparent
relation could be found between the mesofauna and Acari
numbers and the daily amount of rainfall during the
period of investigaticn. The decrease in the
population curve on April 9th, and June 13th, under
apparently favourable conditions was probably caused
by either flooding or poor extraction; 18.8 mm of
rain fell during the night before April 9th, and 20.2 mm
the day and night before June 13th. On both these
occasions the soil was saturatsd with rainwater. On
sanpling occasions directly afterwards there was a

rise in/..o.....
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rise in the population nunbers. On the day prior to
the first sampling date of July (1lst) and the morning
beicre sanpling time 1.0 o of rals fell. This anount
of rain probably had no adverss effect on the numbers

of the soil fauna as was the case on April 9th, and

June 13th.

In figure 7 the numbers of Collembola per sq. nmnetre
obtained on each sampling date are plotted against soil
tenperature and rainfall. The histograms for rainfall
represent the total amount of rainfall for the five days
prcceding the date of sampling. No correlation could bhe
found between the Collembola nurbers and the total
anount of rainfall for the 10 days preceding the date of
sanpling in contrast to that found in the ropulation

curves for Acari and the total mesofauna.

The Collembola were present in very small numbers
éxcept for peaks on February 5th (3,701.1 per sq. nmetre),
March 12th (8,588 per sq. metre) and a maxirum on
April 17th (15,184 per sq. metre). After this
maximun, the curve drops to the minimum with a steep
rise again on June 13th (11,957.4 Collembola per sq.

netre) and on July lst (11,910 per sq. metre)..

Population curves were drawn for the quantitatively
rnost important families and genera. These are the
amllies Pyernotidae, Tarsonemidae and Nanorchestidae

(figure 3), and the genera Coccotydeus & Microtydeus,

Tydeus (Tydeidae) and Eupodes (Eupodidae) (fig. 4).

Coccotydeus and Microtydeus, the rost abundant species,

showed wide fluctuations with maxina on February 5th
(22,918.4 per sq. metre), March 5th (24,721.5 per sq.
metre) and July 26th (20,261.2 per sq. metre). The

low NUBbErs/.eess.
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low nurbhers on June 13th, werc probably caused by either

/

ficoding or pocr extractilon.

It seemz as 1f tac Nanorchestidae, and in

particular Spelecorchestes sp., as well as the Tydeildae

have thec greatest tclerance for extrene environmental
conditions such as low ncisture content of the soil and
high soil temperatures. The population curve for
Nanorchestidae ddes net show wide fluctuations. After
relatively high nunberg of Nanorchestidae were encounter-

ad at the tegirning of the investigation, there was a

(o]
6]

ecreasc in ithe population to a minimum on January 3rd,
followed by an increasc w0 an aubturn maximun on April
9th (5,124.6 par sq. netre). ATter this date there
was a gradual decrease to a spring ninimun on

September 4th, followed again by an increase towards

Octcher., 196-=,

The Tydel.dac (@ocootgiggg and Microtydeus excluded)

also did not show wide fluctuations in the population
density curve, Low nurthers wers recorded during the

opring and sutmer nonths but there

=

iag a gradual

inercase during aubwm. reaching a winter naxirum

S e

=

6,073.6 per gg. metre) on July 26th after which there

J / o

was again & gradual lecrease towards spring.

The FTupodidae (Egpoiﬁg spp.) were generally

present in hi her »urhers during auturm and winter but
vhree peaks c¢ould clearly be cobserved l.e. on

February S7vh (1,868 pe1 sq. uetre), April 17th (3,558.8
ver sq. netre) an? July 26th (4,033.3 por sg. metre).

The samples collected on these dates contained many

The populebion/ssswsas
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The population curves for Targonenidae and
Pyemotidae (Tarsonemini) show wide fluctuations, both
reaching maxima in summer on February 5th (Pyemotidae,
6,595.6 per sq. metre and Tarsonenidae, 9,442.6 per sq.
netre) ., Except for a2 gecond peak 1n the population
curve during May (4,745 per sq. metre) the Pyemotidae
were present in relatively low numbers as compared with

the Parscnenilae.

7.4 VERTICAL DISTRIBUTION OF THE SOIL MESOFAUNA

although only the soil animals present in the upper
5 cm of s0il had been collected for the purpose of +his
study, attention was also given to the veritical

distribution of the mesofauna in the soil.

A series of s01l cores was taken in +the autumn on
March 8th, 1964, following the main census. Thig
single series was collected on plot A and consisted of
7 sanples (A, B, ¢, D, B, F and G.) Bach sample
consisted of two sampling units, the first being the
0-5 ecnt layer and the second the 5-10 o layer. The
second sanpling unit was taken underneath the first.
The soil temperatures and soil samples for the
deternmination of the soil moisture were taken
sirmltaneously with the sarmpling units. The nunbers
of soil animals recovered in the series of sanples
end the soil temperatures and percentage soll noisture
content are tabulated in table 8. In figure 8 the
total number of organisms per sampling unit for both
soll layers is illustrated by means of histogrars.

It 1s clearly shown that the highest concentration
of the soil mesofauna was in the 5-10 cm layer and in

hoth samples/......
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both sanples A and B the percentage soil moisture

content was also higher in this layer.

The high concentration of the soill animals in the
lower go0il layer could reflect the permanent distribution
pattern of the fauna cf this soil, or it could be the
regult of a temporary migration of the anim2ls to escape
unfavourable conditions in the uppermost layer where the
moisture content of the soil was lower and the soil
temperature relatively high. To draw any conclusions
on this point, however, samples from hoth layers should
be taken both throughout the day when different
conditions prevail, and throughout the year. Belfield
(1956), for example, in studying the vertical
distribution of Arthropoda (including mites and
Collembela) in the top 18 in. of a West African grass-—
land soil, found an increase in the density of
afthropods ag the season hecane wetter; the increase
was the result of a very steer,rise in the number of
animals present in the top 2 in. (5 en). He found
that the majority of the animals were below 6 in. during
the dry season and in the top 6 in. during the wet

SEAS0I.

7.5 JFFLCT OF PLOUGHING

As a result of the ploughing of plot C at the
beginning of March, 1963, it was possible to study the
effeet of ploughing on the density of the soil fauna

bpresent in the first 5 cm of soil.

Before ploughing, the total number of organisms
colleeted on plot C and the total rmean number
collectzd on plots A and B were approximately the same

(1,062.0 and/..c...
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(1,062.0 and 1,132.5 respectively) but the total numbers
collected after the ploughing showed a great difference,
with the numbers from plot C greatly reduced (3,862 mean

for plots A and B, and 1,392 for plot C).

In figure 9 the mean numbers of the soil fauna per
sg. metre for plots A and B for each sampling date are
compared to those for plot C. The reduction of the
numbers from plot C after ploughing is clearly illustrated.
The population curve for plot C shows a marked drop on
March 5th (2,372.5 per sg. metre), directly after
ploughing, compared To that of the mean for plots A and
B (9,015.5 per sa. metre). However, the number of
organisms in plot C increased gradually on the three
successive sampling davses until a second maximum for the
sampling period was reached on April 17th, 1963
(29,134.3 per sq. metre), a period characterised by good
rains and consequently high soil moisture with apparently
faveurable temperatures: notwithstanding this rise in
the population curve, the numbers of plot C never
exceeded those of the other two plots in the periocd after

ploughing.

A gharp fall in the number of organisms in plot C
followed the high peak on April 17th, i.e. from 29,134
orzanisms per sq. metre to 9,490 organisms per sq. metre;
these low numbers prevalled unbtil the termination of
the sampling period, except For a small rise in the
population curve on Avgust 6th. The percentage water
content for plot C showed no marked differences from the
other wwo plots though durivng dry periods it was often

lower.,

The ploughing of plos C resuited in the complete

disappearance/......
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disappearance from the soll samples of juvenile forms and
adults of the phytophagous mites previously regularily
encountered. These were the members of the
Tetranychidae and Eriophyidae which are included under
the edaphon. The disappearance of these mites alone
could not cause the reduction of the soil population for
they were present in only relatively low numbers. As a
result of the ploughing of plot C, the Collembola were
also reduced to very low numbers compared to those of

plots 4 and B.

The destructive effect of ploughing on the soil

fauna has been observed by various authors e.g. Thompson

~~

1924), Hammer (1949), Kithnelt (1961) and Kevan (1962).
Hammer, in studying the effects of agricultural practice
on & Danish farm, found a serious reduction in soil
animals, especially mites and collemboles, due to
ploughing but after a pericd of undisturbed development
the soil fauna recovered and reached a maximum. The
factors in ploughing which cause the reduction of the
numbers of =so0il animals, are according to Thompson (1924),
apart from direct injuries to larvae and the larger forms,
the disturbance of the scll, resulting in increased
avaporation of moisture from the surface, and

consequenvly a temporary drought with a particularly
detrimental effect on Collembola. Kithnelt (1961) states
that the factor most decisively affecting the life of soil

animals is the mechanical working of the soil, causing

the Gegiructiorn o the original pore space system and
injuring the larger members of the soil mesofauna
(Oribatei and Collembola): in some instances it was

found that the population declined to one-tenth as a

result of ploughing.

7.8 BIOMASSA:ssmiebu
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T8 BIOMASS OF THE SOIL MESOFAUNA

Biomass can, for purposes of this study, be defined
as the total weight of the population per unit area.
The biomass, whereby both size and numbers are integrated,
was determined for each of the various groups of animals
in the soll to get an idea of the energy status or energy

flow in the soil {(see table 13).

The biomass of the féllowing groups were determined:
total soil mesofauna, Acari, Mesostigmata, Trombidiformes,
Sarcoptiformes, Collembola, other insescts and also the
quantitatively important families and species of the
Trombidiformes and Mesostigmata. The numbers in the
figures are the averages for plots A and B and are
expressed as the biomass per sq. metre. The biomass
values which were used for individual species to
calculate the biomass of the populations, were those
obtained by Olivier & Ryke (in press) and Loots & Ryke
(in press) by weighing the live specimens on a micro-

balance. These values are tabulated in table 9.

The biomass of the total soil mesofauna present in
the upper 5 cm of soil is plotted in figure 10, together
with the population numbers of the total soil mesofauna
and the percentage moisture content of the soil
obtained for each sampling date. When the curves for
population density and biomass are compared, it will be
seen that there are no major differences between these
curves; both have their maxima and minima during the
same periods of the year. However, the curve for
biomass fluctuates less than that for population density.
According to figure 10 there secems to exist a close

correlation between biomass numbers and percentage soil

Mo teboTe of s wsnsa
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TABLE G
Organism Mean biomass per individual (mg)
Trombidiformes U .G130
Eriophyidae 0.0010
Scutacaridae 0.0060
Pygmephorus 0.0040
Tarsonemus 0.0040
Bupodes 0.0140
Spinibdells 0.0140
Rhagidia 0.0140
Tydeus 00155
Coccotydeus 0.0015
Cunaxa - 0,0140
Nanorchestes 0.0020
Speleorchestes 0.0020
Molothrogznathus 00180
Stigmagnathus Q006D
Ledermlilleria 0.0160
Raphignathus 0.0020
Aplonobia 0.0460
Monoceronychus 0.0400
Oligonychus 0.0260
Schizotetranychus 0.0140
Linctetranus 0.0120
Cheyletia 0.0020
Abrolovhus 0.0400
Trombidiidae 0.0400
Anystidae .01 30
Pseudocheylidae 00020
Mesostigmata 0.0200
Protogamasellus 0.0040
Gamassllodes 0.,0180
Antennoseius 0.0240
Cosmolaelaps 0.0080
Gazolaelaps 0.0200
Androlaclaps 0.0200
Amblyseius 0.0080
Laseioseius 0.0240
Acaridiae 0.0140
Oribatel 00133
Collembola 0.0252
Other insects 0.4046
Araneae 0.7500
Myriapoda 1.9500




- 41 -

moisture. Both the highes®t biomass value (804 mg per
gg. metre) aﬁd the highest population density of soil
negofauna occur during the summer on February 5th, with
peaks in the biomass curve during autumm in April and
during winter in June and July. There was a greater
fall in the biomass curve than in the population curve
during the period from the lst of May until the 5th of
June which was characterised by relatively high soil
temperature and low soll moisturs content. Very low
biomase figures were recorded during the dry suvmmer and

spring months, lower than for the dry aubtumn and winter

o

2YLO

3.

re]

In figure 11 the biomass is plotted for the
Coilewbola, other ingects and Acari for each sampling
dave. The Insecta, other than Collembola, were present

4

I

W very sumall numbers as compared with the total fauna
(only 2.2 per cent), but as can be observed in the figure
this group has the greatest Sotal biomass (53,371.2 ng
per sg. metre) of all “he groups c¢f aninals. The biomass
curve shows wide fluctuations throughout the period of

suudy, with peaks in late summer on February 5th and

February 12th (480 and 422.4 mg per sq. meire respectively),

which are the highest biomass values for all the soill
animal groups recorded during vhe period of investigation;

veaxs were also registersd cduring autumn and early winter.

Although the *o%al numbers of Uollembola (13.1 per
momt of the total soil mesofzuna) were lower than those
of the Leari (84.% per cent of ths total mesofauna)

“he total biomass for Ccllembola nearly egualled +that
of thz Acari (189,473.6 =2and 21,477.0 mg per sg. nesre
respaatively) . Towerer, the Acari pvobably showed

creater achivity throughout the year than the Collembols

tecause the/..c...
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because the biomass curve for Acari is maintained more

or lese at a high level while the curve of the Collembolsa
blomass has maxima under apparently favourable conditions
and falls to a very low level after a short rainless

periocd (see figure 11).

Contrary to the biomags curve for the total
mesofauna population, where the highest biomasgs was
recorded during summer, the Acari has its highest biomass
value in winter on July 26th, notwithstanding the fact
that this period was not characterised by the highest
number of Acari, which was actually recorded in summer
on February 5th (figure % 1 The Acari which mainly
contributed to this high biomass figure (52 mg per sq.
metre) were the relatively larger species i.e. Tydeus
spp. of the family Tydeidae and Eupodes spp. of the
family Eupodidae, the populations of which reached their
maxima on the 26th of July. The high numbers of
Acari recorded on February 5th, consisted mainly of

species of smaller biomass i.e. Coccotydeus, Microtydeus,

Tarsonemus and Pygmephorus spp.

The biomass valuss for the Acari suborders
Mesostigmata, Trombidiformes and Sarcoptiformes for
cach sampling date are plotted in figure 12. Not only
were the population numbers of Mesostigmata and

Oribatei low in this scil but also theiir total biomass

(626,7 and 631.1 mg per sq. metre) was far less than

that of the Trombidiformes (19,961 mg per sq. metre).

The biomass of the Mesostigmata species most

frequently encountered i.e. Protogamasellus spp.

(hceosejidae) and Phytoseiidae spp., as well as the

biomass of the total Mesostigmata, are plotted in

Ploure 13/ s cnsns
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figure 13. It can clearly be seen that the biomass in
the course of the year was low except for relatively
high values during the months of February, March and

April, Protogamasellus sp. &, the relatively small

eu—edaphic species, contributed mainly to the blomass
of the mesostigmatid population, due to their

relatively high numbers in the samples.

In figures 14 and 15 the biomasses of the
guantitatively most important families of Trombidiformes
are plotted for each sampling date. These families,
in descending order of total biomass figures expressed
a8 mg per sq. metre, were the following:- Tydeidae:

Tydeus spp. (3,354.7), Microtydeus and Coccotydeus spp.

(3,701.4); Eupodidze:  Eupodes spp. (4,543.8);
Tarsonemidae: Tarsonemus sp. (2,192.2); Tetranychidae
1,708.2); Nanorchestidae (1,116.0); Erythraeidae
1.312.7) and Prevofidae {1,023), It will be noted
that the Tetranychidae and Erythraeidae, which were
presen’ in relatively low numbers throughout the period
of study (total population numbers 64 and 92
respectively), had a relatively high total biomass
conmpared to those families which were present in high

numbears.

1

-1

EFFECT OF THE SOIL TEMPZRATURE AND SOIT MOISTURE

ON THE SOIT, FAUNA

Figure 16 shows the gquantitative seasonal changes
in the populations of +the Acari and Collembola, as well

as the water content of the soil at the time of sampling.

Q
=5

£

3

I8

Judging from thi urs and the preceding figures

g
!
w

A

giving the soll temperatures, it is clear that there
exists a greater or lesser degree of correlation

between 9o 1F v vuw s
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between soll temperature and soil moisture and the
numbers of the soil animals present. The numbers of
the soil fauna, water content percentages (table 7) and
soil temperatures (table 6) are graphically represented
in figures 17 and 18. In figure 17 the soil moisture
percentages (the average values. for plots A, B and the
first four months of C) and in figure 18 the soil
temperatures (average values for plots A, B and first
four months of C) are plotted against the numbers of
soil mesofauna (average values for plots A, B and the
first four months of plot C for each sampling date).

In the first scatter diagram (figure 17) the points are
rather widely dispersed round +he line of regression,
but they tend to increase along the straight line. The
same applies to the points in figure 18 but here, there
is a general decrease in the number of animals as soil

temperatures increase.

To obtain more precise informaticn on the effect of
the above factors on the coll mesofauna, the correlation
coefficients (r) were calculated for the soil temperature
and soll moisture percentages (averages for plots A, B
and the first four months of C) and the numbers of
Collembola, Acari and total mesofauna collected on the
sampling dates (averages for plots A, B and first four
months of C) respectively. The results of thesge

calculations are tabulated in tabls 10.

-
£

rom these calculations it is evident that the
numbers of ths mesofauna in the 0-5 cm layzr of soill
are te a great extent influenced by the tempcrature of
the s0il as well a~ bv the gquantisy of soil moisture.
There exists a positive corrslation between the number
of organisms and the soil moisture contents. This

correlation/ « e«



1007

Numbers / sampling unit

Fig.

LT«

8
Soil

Scatter diagram of numbars

ol

10 12
moisture (%)

scil zagofauns and

ncisture.

T

14

SC

1l

18



1001

901

801

70"

£~ (8)) (@)]
S 2 S

Numbers / sampling unit

w
=

20

107

12

6 20 24 28 32 36 0
Soil temperature (°C )

Fig. I8. Scatter diaszrax of nunbars of scil

nesofauna and scil tenparature.



TABLE 10

Population densities and percentage water content on the

date of sampling. Values for r and E.

r P (n = 24)
Collembola o2 SO0 Highly significant
Acari g b 08 AT R O LR FPairly significant
Total mesofauna + 0.619 001 Highly significant

Population densities and soil temperature on the date of

sampling. Valves dor » and P.

T Pin = 24)
Collembola = Dx338 0530 Not significant
Aecari -~ D.565 0.001 Highly significant

Tot. mesofauna -~ 0.708 0,001 Highly significant
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correlation ig very highly significant for Collembola,
highly signifieant for the total fauna and fairly

glgnificent for Acari.,

The negative correlation beitween soil temperature
antd numbers of Acgri and tLotal mescfsums 15 highly
significant but no correlation could be found between

soil temperature and numbers of Collembola.

g DISCUSSION

As a whole, the spring and summer months were
characterised by high soil and air temperatures, low
percentage soll moigture content and by a low number of
solil mesofauna. The autumn and winter months, on the
other hand, were characteriged by low goil temperatures,
higher soil moisture values and by a2 high number of soil
mesofauna. Whether this picture of the differences in
the gigze of the population of the fauna at different
times of the year will be repsated every year is open
to doubt, because the period of investigation was
characteriged by an abnormal rainfall compared to the
long-term average; as has been previously indicated,
there exists a close correlation between the numbers of
the soil fauna and the rainfall which determines the soil
moisture content. It seems, therefore, that no real
geasonal fluctuations occurrsd as have been found by many
authors in overseas soils e.g. Hammer (1944) in
Greenland, Thompson (1922) in England, Dammermsn (1922)
in the West Indies and Frenzel (1936) in European
sglls. A seasonal maximum in population numbers during
summer (with a relatively high rainfall) and a minimum
in winter (with little or no rainfall) seem possible in

Srlal s el LR
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this soil during normal years, since during the present
study the maximum numbers were observed in summer when
relatively high soil temperatures and high soil moisture
prevailed, environmental conditions which are apparently

optimal for the fauna of this soil.

The rainfall is very important in the maintainance
of high numbers of the soil mesofauna. Thig is more
marked in the case of the hot summer months when the
high air temperatures cause a high rate of evaporation.
The effect of drought was more marked in the summer
months when the drought conditions were coupled with high
temperatures than in the winter months when the soil and
alr temperatures were considerably lower. This is
clearly illustrated in the graph for the soil moisture
content where it can be seen that the soil moisture
content in the dry autumn and winter months never reached
as low levels as in the dry summer months of Oectober,.
December and January when relatively high temperatures

~

preveiled.

The Collembola depend to a very large extent on the
rainfall and in particular on high soil moisture, and
the conclusion can be made that mites are more resistant
to drought conditions than the Collembolsa. This were
also found by Frenzel (1936), Ford (1935), Belfield

(1956), Snell (1933), and Thompson (1944).

Although quite distinct correlations could be
voserved between the soil temperaturs and soil moisture
content, and the size of the population of the fauna of
the soil, it must be borne in mind that a mutual
interaction exists between these two physical factors
ag well ag wvarioug other factors in the soil, 8ll of
which exert their influence on the soil mesofauna.

A
HECTOIRIL s hie
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As found by most investigators (Frenzei 1936), the
Acari was the numerically dominant and the Collembola
the subdominant group of the mesofauna. In the soil
covered by E. curvula, Mesostigmata, Oribatel and
Acaridiae were present only in relatively low numbers,
with relatively high numbers of Trombidiformes and lower
numbers of Collembola. The low numbers of Mesostigmata
and Sarcoptiformes as compared with the Trombiciformes,
must be attributed to a combination of factors. The
low numbers could partly have besen due to the extraction
technique employed. Furthermore, the soil
investigated could have been of such a nature that it
could not support these organisms in high numbers.
hccording to Trigdrdh (quoted by Kihnelt, 1961), the
mite groups other than Trombidiformes predominante in
soils of cool moist regions, while the Trombidiformes
are egpecially rich in warm dry arsas. The present
study was carried out in a so0il which is subject to the

latter conditions.

The fact that thes soll was under a standard crop
rotation and therefore under constant cultivation (on
plot A the grass was planted chortly before sampling
started) could also have been a reason for the low
numbers of Mesgogtigmata and Sarcoptiformes. hecording
to Kithnelt (1861), the soil fauna of arable land is an
impoverished pasture fauna. Thisg soil could, due to
the regular cultivation, also be considersd as arable
soil. The impoverishment of the soil fauna i1s not
uniform but affects certain groups more than others.

Tn the Eragrogtig soil the Farasitiformes were present
in higher numbers than the Oribatei but were sHill very
low as compared to the Trombidiformes. According to

Timnelt/ veen..
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Kithnelt the absence of detritus feeders (e.g. Oribatei)
is probably also connected with the lack of crganic
substances noticzable in arable soils. The organic
content of the soil under investigation was conspiciously

low (an average of two per cent organic contens was

found for the three plots).

Not only was the organic content of the soil very
low, but also the amount of cover given by vegetation
and organic material, factors that were considered by

Belfield (1956} as very important in considering the

ol

numbesrs of arthropods in West African soil. The
relative gecarcity of vegetal cover can be observei in
plates IV and V, and as was previously mentioned, only
a thin layer of urdecomposed grass was found on top of
the soil. The denser the cover the less water will
2 avaporated from the solil below, and therefore, the
more g¢ffective the rainfall will be in moistening the

gcil. The great fluctuations in the population curve

h

1

-y

o} 2 s0il mesofauna within & short period of tims can
possibly be ascribed to the fact that the soll water
gvaporates at a high rate shortly after rain as =
result of the heat of the sun, which, in the aksence of
futhe:r rain, transforms the top cantimaters of soil
into,a hard-baked and completely dry layers these

conditions cause a notable reduction of the soil fauna

in -the top soil laysr.

The results obtainsd in the present investigation
can be compared with those found in other parts of the

udlies made oan African soils are

<t

African continent. 3}
those of S2lt (1953, 1955) and BelZield (1956). Bosh
investigators ussd o flotation technique in ssparating
the animals from the soil. The dijpferent extvraction

-

techniques/ ceee. .,




— 50 -

techniques used, however, makes it difficult to compare
their results with those cbtained in this study, for it
ig a well-known fact that much damage is done to the
more delicate species by their msthod (Salt et al. 1948
and Murphy 1962 b). Furthermore, the sample cores were
of different size, so that comparison with results of
this investigation cannot be very reliable. Belfield
(1956) in his gstudy of the wvertical, horizontal and
geagonal distribuition and variation of the Arthropoda of
pasture goil on the Accra Plains in the Gold Coazst (Ghana),
. West Africa, compared his rosults with those obtained by
Salt (1952). In both of these studies the Collembola
and Acari accounted for a very high proportion of the
population i.e. England 88%, East Africa 86% and

West Africa 80%. There was, however a difference in
the proportions of the two groups. In the soil
covered with E. curvula the Acari and Collembola
constituted 97.7% of the total soil mesofauna which is

a much higher percentage. Ths proportions Acari 85%
7and Collembola 13% are nearer +o those of East Africa
(Acari T70% and Collembola 17%) than +to those of West
Africa (Acari 50% Collembola 31%) and of Englani (Acari
60% 2nd Collembola 28%).

Salt (1953) studied eleven soil samples (4 ins.
diameter, 6 ins. deep) from pastures near Moshi,
Tanganjika and at Kawanda, Uganda, Bast Africa, and
obtained an average of 38,417 arthropods (18,774 Acari
and 6,538 Collembola) per sq. metré, Nine soil
samples from cultivated fields yielded 24,423
arthropods (13,704 Acari and 4,909 Collembola) per sq.
metre in the top 12 ins. of soilg compared with soil

samples from a pasture near Canbridge, Ingland, Salt

found that/.ceee..
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found that the arthropod populmtion in the uppermost 6
ing. of East African pasture soil is only about half as
large sg that in the English pasture. 8ix soll samples

analysed by Salt (1955) from elephant grass (Pennisetum

vurpurewn) leys at Kawanda, Uganda, gave collectlons of
87,147 arthropods (23,200 Acari) per sq. metre in $he
top 12 ins. of soil. In another six samples from
adjacent cultivated ground 26,150 érthropods (16,165

Acari) per sqg. metre were found. The larger

the protection afforded by elepvhant grass against
insolation. Because Salt (1953 and 1955) was
interested only in gquantitative information about the
arthropcds inhabiting BEast African (tropical) soil, no
seagonal studies on the seil fauna were made.
Unforiunately Salt and Belfield do not give analyses of
the nurmbers of the variocus groups of Acari so that a

comparison in this respecs is nos possible. In the

samples from the soll ceovered by Eragrostis curvula the

nunbers of the soil fauna fluctuated from o minimum of

2,088 (2,040 Acari) per sq. metre to a maximum of 52,717
{18,58¢ Aeari and 3,701 Collembola) per sg. metre. A
compariscon of the number of animals found in West Africa
=ith the numbers found Zrn Tast African pastures, showed
+hat the density of animals is less 1n the West African

2o than in Bast Africa (Bslfield 1956) and this

e TG

I}

e
[

“ference was ascribed to many factors such as

sxtraction veehnigue, rainfall and amount of cover by

}_l

)

vegetatlon. spparently, the fauna numbers of the
present study is lower than “hab of the Bast and West

African pasiure soils, ¢ince Ths naximum number obizined

by Sals (1955) ig much higher than the maximum obtained
in the present siudy (if any gquantitative comparison is

j.ulS_{-'ifj-Od) and/.on-n-oo
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justified) and would even be higher if the losses of
delicate species in Eagd African soils are also taken

into congideration.

It seams on the whole, according to the work done
on Furopean pasture soils by Salt et. al. (1948), Weis-—
Fogh (1948), Macfadyen (1852) a.c., that the numbers of
the soill mesofauna per sg. metre are far.higher in

Buropsan soils than in the African soils covered by grass.

9. SUMMARY .

L. A total of 360 sampling units were taken on three

plets covered by Eragrostis curvula during bhe

period between Novembor lst, 1962, and October 17th,
18G63. The fauna was extracted by means of the

Auerbach and Crossley cxtraction apparatus.

i~

the soil

b

L

L

2. Estimations of the watsr conten
were made and the goll temperatures were taken on

each sampling occasion.

3. The Acari was the most pumerous of the soil
magofTauna in this goll. The Acari and Ccliembol=a
consvituted 97.7 per cant of the total mescofauna

collecoted,

DN The Trompidiformss made up 94.9 per cent of the
fotal acarofauna. Very fTew Cribatel were

collected.

i

. The guaniitatively most impoxrt nt farilies of the
Trombidiformes in thig soil vere Tydeidaec,

Eupodidae, Wanorchestidne. Tarsonemidne and

-
3

Premotidacs /eevn.a.
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Pyemotidae; Protogemasellus sp. a was numerically

the most important of the Mesostigmata.

The approximate biomass was estimated for the total
mesofauvna, Acari, Collembola, other insects,
Trombidiformes, Mesostigmnata, Sarcoptiformes and the
quantitatively important families of +the

Trombidiformes and Mssostigmata.

No distinet seasonal fluctuations ocecurred but this
was probably due to the abnormal weather conditions

which prevailed during the period of investigation.'

Digtinet fluctuations however, were observed in the =il

populations which could be correlated with drought
and high temperatures, and moisture and lower soil
temperatures. The correlation between population
density and soill moisture percentage was found %o

be positive and between population density_and solil

temperature to be negative.

The interaction of soil temperature and moisture
most probably gave rise to a summer maximum in the
population density and in the biomass of the soil

mesofauna.

The Collembola were found o be extremely sensitive
to moisture and a strong positive correlation
existed between the Collembola numbers and the soil
moisture percentages. The correlation between
collembelan numbers and soil temperatures was not

significant.

Ploughing of the soil tends to reduce the numbers

of the fauna in the first 5 cm of soil.

12, From a/......
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12, From a gingle series of samples, a higher concentra-
tion of the soil mesofauna was found in the 5-10 cm

layer of the soil.

13. TLower numbers of ths soil mesofauna per sg. metre
were found during this investigation as compared to
the numbars found in the Tropical soils of West and
Dast Africa, and much lower numbers as compared to

the fauna of grassland soil in Eurcpe.
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TABLE 11
Miesostignata collected during the sanpling period
1 Nev. 1962 - 17 Oct. 1963. The sanpling date, numbers
of the sanpling units and the total nuvhers of
Mesostigrata fer cach sanpling unit
are given
Total/
Snmpling ganpling
unit unit
1 November 1962
Ne Mesostignmata
7 Novenher 1962
2/43 hesosejidae : Protogarasellus sp.
& ¢ 1L % 1
2/ ik Laclupticdae ¢ Greelaclops gp, ¢ 1 & 1
2/B3 L " : 1 g 1
2/B4 Unident. Mesostigmata @ 1 1
2/B5 hsceosejidae : Protoganagellus sp.
7o 209 2
2/01 " : Ganosellodes seninudus
(Ryke) : 1 9 1
2/C5 " : Protogaraselius sp.
a : 1 9 1
4 Dzcembor 1962
Mo Meogostignase
11 Deceriher 19672
1/ AD Tnident. larva 1
A/83 Phytosciidae : Arblyseius sp. 3 1 2 1
4/A5 Aceoscjidae : Gamascllodes seminudus
{By%e) 2 1 2
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TARTE 11 (Continusd)

Tota]/

Sanpling .
wnit sanpling
unit
Phytoseiidne :  amblysgoius spe: 1 &
1e, 1 nyaph 4
4/C5 Aceosejidae 3  Protoganasellus sp. © 3
19 i
3 Japuary 1963
5/B3 Phytoseiidae ¢ Aublyscius sp.:
deutonymph 1
5/C5 Unident. Moesostismata ¢ 1 1
11 January 1963
6/ A1 Aceosejidae : Protozamasellus sp. @
19
Phytoseiidae : inblvseius sp.: L & 1 ¢ 3
6/85 Unident. Mesostigrata @ 1 1
6/C2 Laelaptidas ¢ Coeslasiaps sp. 1 ¢
Unident. Mesestigrnata ¢ 1 2
6/C4 Aceeosejidae @ Protomamasellus sp. 2 3
L9
Aceoge]jidae ¢ Protoganasellus sp. ¢ ¢
1 2
Uniient. Mescstlgmata @ 2 4
5 FTahruary 1963
7/41 Aceosejidoe @ Camascllodes seninudus
(Ryke) 19

Phytoseiidac¢ : amblysciusg sp. @

1 dev=oaymph

Aceosgejidae : Protcaanmagsllus sp. a ¢
i
e

Unident. larva




TABLE 11 (Continued)

. Total/
e
7/42 Lcecsejidae 3 Protoszamasellus sp. b @

2 9
n : Protoganagelliug gp. € ¢
12
" : Protoganascllus sp. 2 2
1 ¢
Phytoseiidae ; Amblyseiusg sp. ¢ 1 9 5
§7/&3 Aceogejidne : Protoganasellus sp.z @
3¢
Unident. larva 4
7/44 iceosejidae : Lasioseius sp. ¢ 1 °
i : Protoganmagelilus sp. 2 ¢
2 3
57/A5 E : Protogamasellus sp. a
Phytoseiidae: Amblyseius sp.: 2 nymphae 6
7/B3 Acecsejidae : Antonnogeius sp. ¢ 1 &,
1 9
% Unident. nynph
% Aceosejidae : Protogamasellus sp. a ¢ 2 5
| 7/B4 " " : 11
‘7/35 " : Gamassllodes seminudus
(Ryke) ¢ 1 ¢
" : Protogarasellus sp. & 3
2 2
Areroseiidae : Kleermanniza sp. ¢ 1L 9
Unident. Mesostignata 3 1 5
7/C1 Leeogejidae : ILasioseius sp. 3 1 &
1 nymph
Unident. Mesogtignata ¢ 1
Aceosejidae : Protogavasellus sp. a 3
109 4
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TABLE 11 (Continued)
Sampling Total/
unit sanpling
unit
7/02 asceosejidae Protoganassllus Sp. a4 ¢
3¢

Y s Lagiogeius sp.: 1 & 1 9

1 nyrph 6

7/C3 " : Protogarmasellus sp. a ¢

9, 2 larvas

" ¢ Antennogeius sp. ¢ 1

Phyvtogeiidae ¢ Anblyseius sp. ¢ 1 &
¥ 9

1 nymph
Asceosejidae ¢ Imsioseius sp. ¢ 1 & 15
7/04 " " p 43 4
7/C5 g : Protogarasellus sp. 2 ¢
L

Phytoseiidae : Arbhlyseius sp. ¢

4 nyuphae

Unident. Mesostigrata : 1 6

12 Tebruary 1963

8/42 Phytoseiidae : Anblyscius sp.

2 nynphac 2
8/B1 seeosejidae : Protogarasellus sp. 2 3

1 % 1
8/B3 Phytoseiidae : Avblyseius sp. @

1 nynuph 1
8/cL " ihlyseivs sp. @ 1R 1
8/C3 n h s 19 1

5 March 1963

9/C4 Laclaptidas : Cosmelaclaps sD. @

1 larva 1
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ABIE 11 {Continued)

Sanmpling
unit

Total/
ganpling
unit

10/41

10/42

10/43

10/44

10/ 45

| 10/B1

10/B2

 10/35

10/02

12 Harch 1963

Accosejlidre : Protogamassllus

2 9

oo

Protozamasellus

2 nyrnphad

o0&

Protogzriascllus

A
4 9

oo

Protoganasellus

39
Unident. aynphae : 2

Acoosejldeae @ Protogarasellus

12

" » Protogarnasellus

1 9, 1T nymph

Inelaptidae : Gacolaclaps sp.

Unident. Mesostignata ¢ 3

Aceosejidne : Protoganassllus

2 9
Unident. Mescstignata ¢ 2

Aceosejlidae ¢ Protogomascllus

ST

ST

sP.

Sp.

8 2, 2 nymphae

Unident. Mesostigmata ¢ 3

Aceosejidae : Protogamascllus

3 ¢, L nynrh

n : Protogamasellus

12

Aceosejidae @ Protogamasgellus

19

n ¢ Protoganasellus

179

sp.

Sp.

Sp'

ST

2

o

o

a,

oa

LT3

an

20

o

13

g
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TABIE 11 (Continued)

Sampling Total/
unit sanpling
unit
10/C3 Aceogejidae : Protosannsellus sp. 2 1
19
9 April 1963
11/42 Unident. Mesostigmato @ 1 1
11/44 Phytoseiidae : Arblyscius sp. : L1 nynph 1
11/45 Aceosejidas : Proltogamagellus sp. 4
39 3
11/B1 " ¢ Protogamasellus sp. 2 @
4 2
Rhodacaridac : Rhodacarug sublapidgug
Ryke ¢ 1 ¢
Phytoseiidae @ Arblyseius sp. 19 6
11/8B2 Unident. Mesostigrmntn & 1
Leeosejidae : Prologmuasceilus sp. 2 @
Lg 2
11/B3 n s Protogarasellus sp. 2
19
aclaptidae: Gacolaelaps sp. 15, 1 9,
1 nymph 4
11/B4 Acsosejidae : Protogamasellus sp. ¢
1 9
Taelaptidae : Gacolaelaps sp. 3 1 ° 2
11/B5 Aceosejidae : Protogapasellus sp. & ¢
39
Laclaptidae @ Gacoclaclang sp. & 1 nymph 4
11/¢1 “ " “ 19
Accosejidne : Lasgloselus =p. 1 ¢
!l : Protosamagsellus sp. 2
1 ¢ 3
11/C2 n : Protogemasellus spt. 4 ¢
1, 9 ¢ 10
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TABLE 11 (Continued)

Sanpling Total/
unit sanpling
unit®
11/C3 Aceosciidae : Profogamasellus sp. o 3
1, 8 ¢, 2 nyuphae 11
11/¢4 E : Protogarmasellus sp. 2 ¢
19 1
11/C5 " : Protoganacsellus sp. o ¢
14 2, 2 nyuphia 16

17 Avpril 1963

12/41 Taelaptidae : Gacolaglaps sp. @ 1 %

Unident,. larvs

hceosejidae : Protogaumasgellus sp. 2

1 9 3
12/42 " ¢ Protozarnsellus sp. 2

1 9 1
12/43 L : Protoganascllus sp. 2 ¢

19 1
12/04 " . Protoganasellus sp. & 3

1 2, 2 nymphag 3
12/45 " s Protogamasellus sp. & 3

2, 7 9 9
12/B1 " ¢ Protosanassllus sp. o ¢

1, 3 @

Taclaptidae : Andrvolaclaps sp. ¢ 1 & 2 % 7

12/32 iceosejidae Protogarnagellus sp. 2 ¢

1 9, 1 nyuph A
12/B3 " . Protoganasellus sp. 4

1, 2 ¢ 3
12/B4 Izclaptidee @ Cosnclaselops sg. ¢ 1 2

1 nyrmph 2
12/B5 Unident., Mesostiguata 5 3 3
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TADLE 11 (Continued)

Banpling
sunit

Total/
ganpling
untt

1e/cl

3

(7
12/83

113/33

23/2

-

1 3;//—5 5

VAo

Aceogejidns ¢

" : Froteganascellus sp. oo
12, 23 9, 2 nymphae
u : Proftozanascllus sp. & ¢
1%, 2 nymphae
" ¢ Protogoamasellus sp. &
1 ¢
Unident. Mesgostignata @ 7
Adceosejidac @ Protognmascllus sp. a @
5 2
" : Profogmrngellus ep. Do
10 ¢, L nynph
" : Garsselloles sendnudus
(Ryke; ¢ 29
" : Protogarasellius sp. C 3
19
1 Moy 1963
aneosejidae @ Protosnragellus sp. o8
1 nymph
Phytoseiidas : Arbhlyseiusg sp. ¢ 1 2
1 " " 4 1 9
1 5 'l ° 1 6\
Accosejidne : Protogamzsellus sp. 2 ¢
18
8 Moy 1863
Aceosejidac : Protogomassllus sp. 28

109

Tnident. larva

38

N
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TASTE 11 (Continued)
Saupling Eoti;/
unit sampling
unit
14/B4 Phytoseiidae — Aublyseius sp.: 1 ¢ 1
14/04 Aceongejidine @ Goamascllodes semipudus
(Ryke) ¢ 1 %
h ¢ Protosanagellus sp. 3
2 2 3
5 Junc 1963
15/B82 Phytoseiidae : Arblvssiug sp. @ 1 nyuph

sceosejidae ¢ Protogsonnsellus sp. 2@

19 2
15/84 " : Protcsanasellus sp. a ¢ 1
Phytoseiidae : Anblyseius sp.: 1 & 2
15/55 sceosejidae @ Protogonasellus sp. o ¢ 1 1
15/C1 " : Gamossllodes seninudus
(Ryke) : L1 ¢
" s Protogsanasclilusg sp. &
3 2, 1 nymph 5
15/C3 L : Protogawngellus sp. a 3 1 1
15/G5 " : . o 1e 1
13 Junc 1963
16/A2 hLocosejidae @ Protogaragellus sp. &
19 1
1¢./C2 b : Protosanasellus sp. & ¢
. 2 2 2
16/G3 Iaelaptidae : Gaeslaclaps sp. ¢ 1 %9 1
1 July 1963
17/42 hceosejidae ¢ Protognmagcellus sp. @ ¢

2 ¢ 2
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TABIE 11 (Continued)
Sanpling cial/
unith sanpling

unit

17/A3 Aceosejidae

vo

Protopamascllus sp. a

oo

5 ¢ 5

17/44 " s Protoganssellus sp. 2 ¢

1 9 L
17/B3 : : Protogamasellus si. 4 3

1 ¢ 1
17/D4 n ¢ Protogzrasellus sp. 2 ¢

i 9 1
17,85 i : Protosanasellus sp. 2 3

19 1
17/01 Inelaptiiae ¢ Goeolaslaps sp. @ 19 1

17/G2 heeosejidac ¢ Protogauascsllus sp. a8
e % 2

17/C3 i : Protogamasellus sp. 2 3
L9 1L

17/C4 " : Protogamasellus sp. & @
109 1

17/05 n : Protoganasellus sp. 2 ¢
19 i
Uniden. Mesgostigmata ¢ 1L 2

26 July 1963

1.3/53 Phytoseiidoe 3 Anblyseius sp.: 2 9 2

2
13/ 45 " r 19

ne

Aceoscjidoe @ Profogamescllus sp. 4 3
1%, I omynph 3
16/T1 ; : Profogonasellus SL. 2

39

Phytoseiidae @ anblyseius sp. ¢ 1 % 4




TABLE 11 (Continued)
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sanpling
unit

Total/
ganpling
unit

19/ an Phytoseiidas

o
a

¢ Ambilyscius sp. 19

19/¢4 Adceosejidae ¢ Protoasrasellus sp. C.@
19
" s Gacassllodess gseninulus
{(Rvker ¢ 15 ¢, 1 nynph
" ¢ Protoppnmasellus sp. . ¢
5 %
Laclaptidac : Andrclaclaps sp. 3 1 ¢ 23
14 Ausust 1963
20/33 Phytoseiidac 3 Anblyselus sp. ¢ 1 2 1
20/05 Accosejidas ¢ Ganasclliodus seninudus
(Ryke)s L 9 1
A Baphtonlier 1963
21/A1 Phytoseiidae ¢ arblyscius sp. ¢ 1 9 1
21/ Al Rhedacaridas ¢ Uniden®t. nyuph 1
11 Sertonber 1963 ‘
No Mescatipgmato
2 Cotabor 1963
23/Bl Aceceosejidae ¢ Protoganascslilus sp. o
19 1
22/C1 i ¢ Protosarasellus sp. o3

Ne Mesostign

P
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