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Summary
Samples of soil have been taken from various 

situations at different times to illustrate the 
effects of season, water, sha.de, agriculture, 
disturbance and type of soil, on the soil meiofauna 
of the Accra Plains,

It is shown that there is a significant 
difference both in numbers and in vertical distribution 
of the animals in different seasons and in different 
soils. Water is thought to be the most important 
factors as it is demonstrated that there is a direct 
correlation between size of population and the rain­
fall of the previous month, and that the vertical 
distribution can be correlated with the rainfall of 
the same month. Waterlogging however causes a 
reduction of population.

Shade produces a marked effect on both the 
numbers and the vertical distribution, the population, 
with the exception of the Acarina, being smaller and 
deeper in exposed than in shaded bare fallow soil,
ThiB is almost certainly caused by the desiccation 
conditions in the exposed soil.

Disturbance of the soil by argicultural practices 
causes a reduction of population, and this smaller 
population persists during crop growing, and after
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harvest when, the plot is allowed to return to 
grass. Disturbance causes a rapid drying out of 
the soil, the crop does not give enough cover, ana 
harvesting causes impoverishment of the soil# Each 
of these conditions is shown to reduce the 
population*

Different kinds of soil are shown to "be 
associated with a difference in sige and dis­
tribution of population. In both dry and wet 
seasons, the population of latosol is greatest* 
clay lowest and sand intermediate* During the 
dry season the population of latosol is found 
deeper than in the other two soils. It is 
suggested that this is because there is more 
food and water at lower levels in the latosol.
This enables the animals to avoid the desiccation 
conditions in the upper layers, and to form a 
reservoir for a large population increase under 
the improved conditions of the wet season*
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IMTRODPCTIQN

Much work has been carried out on the fauna 
of the soil in various parts of the world but the 
main proportion of it in Europe and America* A 
certain amount M b been done in and around the 
West Indies (Dammerman 1925 and 1937, Strickland 
1945 and 1947) and in Hawaii (Van zwaluwenburg 
1926 and 1931)« The resultb of only one investi­
gation has been published from tropical Africa* 
and that from East Africa (Salt 1952 and 1956)*

Ho observations on West African soil 
arthropods have keen published 41 apart from those 
on the more obvious fauna, such as termites, ants 
and crickets* Nothing was known of the vertical, 
horizontal or seasonal distribution and variation 
of the smaller forms, such as for instance# 
Collembola and Aearin**

It was realised that the detailed study of 
one particular group is of the greatest value, but 
this can only be accomplished when, firstly, the 
systematlcs of the particular group have been worked 
out very carefully in the area under observation, 
and secondly, when it is known what group is, in 
fact, important in the area* Both these eonsidera-
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tlons were taken Into account when it was decided, 
to collect all the fauna and examine it from a 
general point of view* This type of Investigation 
would firstly show what groups could profitably he 
studied in more detail and secondly provide a great 
amount of material for systematic studies* All the 
specimens collected have been preserved and deposited 
with specialists (mainly at the British Museum of 
Natural History) and will he dealt with in due course* 

This work is* therefore* an investigation into 
various aspects of the meiofauna of the soil on the 
Accra Plains under different conditions* The term 
“meiofauna** is used to describe that group of animals 
which live In existing soil popes and interstices* and 
usually cannot create additional living space through 
burrowing activity (Murphy 1953)* and corresponds to 
the terminology used by Mare (1941-1943) in her 
classification of the bottom fauna of the sea. The 
aaimals which would fit this description in the soi 1 
are the smaller arthropods (size range of about 100 
microns to 1 cm,)* often referred to as micro­
arthropods*
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The work has three main ends in view*
1. To find the numbers and vertical distribution 
of arthropods in undisturbed pasture soil through­
out the year* i.e., during the wet and dry seasons.
2. To investigate the effects of cultivation, 
comparing it with what was considered normal In 
undisturbed grassland*
3. To investigate the maimer in which arthropods
are distributed in different soils#

Experimental work was also carried out in an 
attempt to find the causes of some of the dis­
tributions found in the basic samplings outlined 
above. To this end the following were tested
1. The effect of watering during the dry season.
2. The effect of shade on bare soil.
3. The effect of disturbance on the soil by

digging.
In addition, a considerable amount of 

collecting was carried out over the Accra Plains. 
This was done by actually looking for evidence of 
animal activity in the soil (holes etc.), and 
digging up the animals. The larger animals, not 
strictly members of the me i of anna 9 are not, 
however, Included in this account.
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GENERAL METHODS

As the water and electrical supply could 
not always lie relied upon* It was necessary that 
any apparatus used for extracting the animals 
should not require a dependable supply of either 
of these services. It was also felt that any 
extraction method used for this type of work 
(where nothing at all was known about groups 
to be found)* should be as little selective as 
possible* Flotation methods* depending for their 
action on a purely physical principle* are less 
selective than funnel arrangements* relying on 
the response of animals to their environment* 
for tropisms* of every kind are different for 
different species* and vary even amongst 
individuals of the same species. A further 
factor involved in the choice of extraction
method was the type of soil to be examined.
The fact that they are not organic on the Accra
plains favours the use of a flotation method. It
was therefore decided to use Ladell's method of 
extraction (Ladell 1956). This is a flotation 
device using a 25% solution of magnesium sulphate*
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which gives a specif1c gravity of 1.11. This 
solution floats the arthropods out of the soil, 
which is feeing stirred thoroughly* Air is bubbled 
through the soil at the same time to ensure that 
It Is completely broken up* if necessary, this 
apparatus can be worked manually, and the air 
supply delivered from a car tyre pump.

Although Ladell’s method has been Shown to be 
less efficient in some respects than other methods, 
(Macfadyen 1955), it has the advantage, as shown 
above, that it does not require water at high 
pressure as would be necessary in Salt and 
Helllek#s (1952) method, nor does it require a 
steady electrical supply as would be necessary in 
the use of funnel techniques. (Macfadyen*s 1953 
account of his paraffin burning development of 
the Tullgren-type funnel was not available when 
this work was first started)*

Because of the necessity of separating the 
animals from the vegetable matter coming from 
the apparatus, a modification of Ladell’s 
original method similar to the one used by 
Glasgow (1939) was Introduced* The resulting 
animals floated out from th© apparatus were
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filtered off in a Buchner funnel. The filter 
paper with its contents were then transferred to 
a petri dish, more Magnesium sulphate added, and 
examined by mean® of a binocular microscope, isach 
piece of vegetab e matter was subjected to a detailed 
examination separately. The use of a microscope 
mechanical stage modified to fit a petri dish, 
ensured that the whole of the dish was examined.

Reclamation of the used magnesium sulphate 
proved to be a problem because of the large volumes 
of liquid involved* A filtration method for re­
generation of magnesium sulphate was eventually 
devised however, and is shown in figure 1* The 
used, dirty liquid was poured into the aquarium 
tank* Therefore, with taps Ai* S2* 1>2 and C2 
closed, and taps 81 end Cl open, liquid is 
filtered from the aquarium tank, through the 
stones and into carboy I. At the same time, 
filtered liquid can be delivered from carboy II 
by opening taps Cl and As. The opposite arrange­
ment of the taps would, of coarse, filter to 
carboy II and deliver from carboy I* This 
method wae found to maintain a steady supply 
of filtered magnesium sulphate to the Ladell's
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apparatus effeciently and„ because# being 
virtually a closed circuit, It avoids the 
mess usually resulting from the use of large 
volumes of liquid#

The samples of soil were removed by means 
of a soil corer (K.C, Productions Ltd,, Model 
110) of 4W diameter and. 18w deep (Fig £$» This 
instrument has many advantages for use in the * 
soils of the Accra plains, which are mainly 
either gravelly or of clay* These advantages 
include a removable cutting head, and a very 
heavy jarring link, which was especially useful, 
as it enabled the sampling tube to be driven in 
despite the Iron concretions and gravel of the 
upland soils of the plains, The sampling tube 
was removed from the soil by means of a lorry 
raising 3ack in order that removal could be 
accomplished neatly and with as little disturbance 
of the surrounding soil as possible. The soil 
samples were removed from the tube by means of 
a piston arrangement worked by a hydraulic ^ack 
(Pig, 2b*)

The cores, which were 18w long, were cut
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Into sections* these sections toeing, the top 2", 
2-S", 6-15?" and 12-18°, The top 6" was split 
Into 2 and 4 inches fraction® in order to 
ascertain the proportion of animals at or near 
the surface in the top 6", By adding these two 
top sections together the results could he com­
pared with those of many other workers who have 
taken the top 6W without any division. Samples 
were taken to a depth of 16°, because it was felt 
that the lower levels of the soil would assume 
importance during the dry season. It is admitted 
that there will be a loss of animals because of 
this handling* Each sample* however# was treated 
in exactly the same way, and the results will, 
therefore, be comparable*

Lack of records and the traditional shifting 
method of agriculture used by African farmers 
made the finding of areas which could be regarded 
as undisturbed land difficult. In the rosin, this 
difficulty was solved by taking samples at Agricul­
tural establishment®, where adequate records have 
been kept, "lien samples of different soils were 
examined, however, this ws© not possible and so
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VERTICAL DISTRIBUTION THROUGHOUT THE YEAR

Introduction
Many authors have shown that soil 

populations vary at different times of the yearf 
according to season (Pord 1935* MacFadyen 1952 et al)»

It is felt that normal seasonal variations 
must be known "before conclusions ean "be drawn from 
any other work, Theories accounting for seasonal 
distribution in temperate zones, such as the effects 
of freezing, cannot he applied to the tropics* 
because of the very different physical conditions 
found in the two regions* Little is known of 
seasonal distribution of soil fauna in the tropics, 
and it was decided, therefore, that the,first stage 
of this work must be to investigate the seasonal 
fluctuations in the numbers and vertical distri­
bution of the soil arthropods in normal undisturbed 
gr'ssland,

The period of examination was from December 
1953 to December 1954. The temperature and rain­
fall figures for this period may be found in Table 1. 
It can be seen from these figures that December 1953
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15*

and January 1954 are hot and very dry and that 
February, March, April and May are progressively 
wetter* July and August are dry, and September* 
October and November are progressively wetter, 
December 1954 and January 1955 are again dry.
There are thus two rainy seasons and two dry seasons. 
The rtbig" rains and the "small'* rains mentioned 
above are the March/June and the October/November 
periods respectively. The very high rainfall in 
November is abnormal. It may be seen roughly# that 
the higher the rainfall, the higher the relative 
humidity and the lower the temperature.

The soil is rather gravelly at lower levels, 
very slightly acid (pH 6.7) exeept in the top few 
inches (pH 7.6), and of low organic content. The 
top 6" is a grey-brown humic gritty gravel. The 
next 18* is a brown coarse loose sand with mall 
amounts of quartz gravel and stones. Below this 
the soil contains many more iron concretions, quartz 
gravel and stones. Between 4?' and 6^* there is a 
clay gradually merging into decomposing biotite 
granite and pegmotite between 6' and 7*«

A profile description of the soil (from the 
report of the Soil and Land Use Survey) may be 
found in Figure 4. Unfortunately no mechanical
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end chemical analyses were available for the actual
. / 

field of survey, and the analysis found in Table -1
Is, therefore, for a nearby area of very similar soil,

A vegetation analysis may be found in Table 14^

Methods
The cores were removed from the soil, split 

into sections and the soil arthropods extracted, 
as described on pp. 8-13. The samples were taken 
in an area of about 15 acres situated in the 
Agricultural Station, Pokoase. This field had 
been used Intermittently for grazing over the 
past ten years. Six stations were established in 
this field and a sample taken from each 9tatlon in 
such a way that each was within a yard of at least 
two other samples at the station. By this method 
of sampling, the numbers and vertical distribution 
of the soil fauna throughout the year could be 
determined.

In order to ensure that the techniques in­
volved were completely standard throughout the 
year, samples were taken in October and November 1953 
the population extracted and then discarded. The 
necessary operations were* therefore, learned 
thoroughly before the samples were taken in 
December 1963.
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Results
Table 2a gives the total number of 

animals removed from all six samples during 
the observation period at the various depths.
The totals of the samples from all six stations 
were used in order to give a clearer Idea of the 
overall distribution and Table 3 shows that these 
totals can be used as a representation of the 
distribution of the soil fauna* Table 3a shows 
the monthly totals of all groups at each station 
expressed as a percentage of the monthly total 
for all stations* It can be seen that these 
percentages do not vary a great deal in the 
period of sampling* It may be seen also that 
the Standard Deviation is low at all stations* 
Tables 3b, e, d and e, are similar figures 
calculated for the main groups of animals 
found* Here again, although not so low as 
in Table 3a, the Standard Deviations are not 
high* It is felt that this shows that there 
is no marked deviation from the general pattern 
at any of the stations and, therefore, the 
totals from all stations can be compared on 
a monthly basis*
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The most striking result obtained from these 
figures is the continual rise of the total number 
of animals (Column 8) from December to May, corres­
ponding to the increased rainfall (Graph 1)* Some 
measure of this increase may he realised when it is 
seen that the total numbers in Hay are more than 
treble the numbers In December* This period of 
continual rise is followed by a drop in June# This 
June sample, which perforce had to be taken during 
a period of leave was subse quently found to be 
inadequately extracted and check analyses showed 
that the numbers of animals present was approximately 
double that recorded# If this correction is a plied 
to the June figures it will be found to show a 
slight increase on May and to fit into the 
histogram much better (unshaded extension in 
Graph 1)#, than the original e stimation* The 
rise is maintained in August* but is followed 
by a marked fall in September and October (a sample 
was not taken in September because of illness)*
After the low numbers of August and October there 
is a very sharp rise in November and "December,

The population In December 1954 is found, 
therefore, to be about five times as great as
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so#

In December 1953, which would appear at first 
sight to be anomalous. The rainfall preceding 
the two periods is, however# quite different, 
November 1953 - 1.10", December 1953 - 0*01", 
but November 1954 - 10* .44% and December 1954 - 
1.22% The very high population of December 
1954, therefore, follows upon the abnormal 
rainfall of November 1954* In faot, throughout 
the year, the population does not correspond to 
the rainfall in the same month, but to the rein- 
fell of the previous month*

Using only the figures for the three sections 
of the cores 0-6", 6-12** and 13-18" (columns 3, 6 
and ?, Table 2a)* It may seem that the greatest 
density of animals in December was found between 
the depth of 6" and IS"* In January the maximum, 
though not so marked, was still at the same depth* 
From February to July the maximum density was 
markedly In the top 6”, August and October show 
a reduced density in the top 6" though the 
maximum density is still in this upper level* 
November and December show a return to the May 
distribution, with the maximum density in the 
top 6%  The lowest section fl8"-18") was the 
lowest density through the period of observation*
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Graph 3 is a representation of the figures 
from columns 4, 5, 6 and 7# It may toe seen from 
this that when the numbers for the top 2" are 
adjusted to compare with 6tt of the core, the 
greatest density of animals is in the top 2" 
throughout the observation period# This density 
increases as the season becomes wetter and de­
creases during dry periods# The density of the 
animals in the S'* - 6tt section also Increased and 
decreased in a similar fashion during the same 
periods# Statistical support for the above con­
clusions may be found in Table 22 #

The results obtained from the individual 
groups of animals extracted are found in the 
rest of Table 2 and will be discussed separately,

Diolura - Table 2b.
It may be seen that there is a general 

increase in numbers until Aprilf a decrease from 
May till August and then an increase in October 
until December, Analysis of so few animals is 
hazardous* but it would seem that there is no 
marked preference for any particular depth# 
although there is a possible preference for the 
upper layers. Further information however, can 
be gained from- a perusal of the two sets of

University of Ghana                              http://ugspace.ug.edu.gh



figures in Table 2b. The first figure is the 
number of japygids found, the second eampodeids. 
It may be seen Immediately that there are many 
more Japygids than comp odeids. The japygids 
prefer the top 12rt» but still occur with moderate 
frequency in the 12-18* section. Although the 
figures are not good, there seem to be possible 
rises in population corresponding very roughly 
to the rises of the general population* The 
eampodeids are in such low numbers that no con­
clusions can be reached about their distribution 
except that there may possibly be two species 
present, one favouring the top 2rt and the other 
the lowest layer*

Collembola - Table 2e Graph 5
There is an increase in numbers of this 

order until May# a steady decrease until October 
(June total excluded for the reasons given on 
page 19) and then an Increase in November and 
December* This corresponds to changes in rain­
fall, i.e., a high population corresponding to 
a high rainfall of the previous month. The 
vertical distribution also changes* The lowest 
density was the lowest section of the core 
throughout the period. The highest density
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In December and January is in the sections 
2 - 6" and 6 - IS'*# From February onwards 
however, the highest density is in the top 6°.
This is mainly due (excepting December 1954) 
to the great increase in density in the top 2rt.
In December 1954 the density of the top,2" is 
very similar to that of the 2 - 6n section.
Graph 3 illustrates these changes in density* 
Statistical evidence supporting the above con­
clusions may be found in table 22jft
Psocoptera - Table 2d

The numbers are rather low in this order. It 
does seem, however, that they show a preference for 
the upper layers of the soil, especially the top 2rt, 
There seems also to be a drop in numbers from April 
onwards, contrary to the general trend of the rest 
of the fauna.
Hemiptera - Table 2e

Because of the small numbers captured, little 
can be said about this order except that they were 
very few in number in December 1953 and January 1954# 
and the highest numbers were in February, March,
April and December 1954* Some of these insects 
have been kindly identified by Dr, J.D. Williams 
of the GommOnwealth Institute of Entomology,
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84,

Unfortunately, he reports that a large proportion 
of the collection ere nymphs and first-stage 
larvae, and in most eases there is no satisfactory 
method of determining these. He was, however# able 
to link some of these larvae with adults# The . 
following check list is of the hemiptera so far 
identified,

Cydnidae ,I
Cydnue sp, nr. leoedue. (?>tal)«

f> ‘
■ i

J£g|£im m  ateSMSft (Baker)
Geolea sp,
Geolca luclfueta (Zehnt)
Coccldae

Geococcua coffeae Green
m a e s a s s t e  «£•»•
Radicoccua sp, nr, inorassatus James 
Radlcoccus sp, (different from species above) 
Ferrlglans ylrgata (CkU)
Pseudococcus sp.

It may be noted that the speclea of.
is new and will ultimately he

described by Dr. A,?;. Jakubski, who Is at
present working on this group. The normal . 
distribution of these ground-pearls is just
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•under the surface of the soil. Only four 
specimens were found, tout two of these (from 
different samples) were in the 6 - 12" section 
of the core,

The identification of the two species of 
Radiooccus is uncertain at the moment, tout will 
toe incorporated in due course in a paper on the 
mealybugs toy Dr, Williams, So few specimens have 
toeen captured that little can toe said of the 
vertical distribution of the different speeies 
except in the ease of Geococcus coffeae Green 
which was the common species occurring. This 
shows a definite preference for the lower layers 
i.e., 2"- 6'* 2, S"- 12” 6, and 12''- 18" 14,

H.vmenoT3tera - Table 2f
The two families found were Mymaridae and 

Fonnicidae, The Formicidae were disregarded for 
the reasons stated above (page 18), Mymaridae, 
although not common, formed a more or less constant 
part of the population, and also showed a seasonal 
fluctuation of population, i,e,, they were com­
pletely absent from June to October, The numbers 
captured are too low to show conclusively, any 
vertical distribution. It does seem possible, 
however, that they are rather more prevalent in
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26,

the top 6".

Diotera.
Very few specimens (31) of this order were 

captured, A number of these have, however, been 
identified by Dr, P. Freeman of the British 
Musium of Natural History. Most of these are 
not known to be associated with soil, and were 
probably merely using cracks in the soil as 
refuges* One is known to have a soil habitatt 
Bradysia sp, (Seiaridae) is known to have species 
which are litter feeding, and breeding in the soil*

jtoachnida
Chelonethi - Table 2g

There are no marked fluctuations in total 
population recognisable except perhaps that March, 
November and December, are high, and January and 
February are low. The vertical distribution 
however, is quite definite. In only three months 
(February, August and November) were any found in 
the top 2", They were found in the 2 - 6" section 
In every sampling (except June), but not in any 
quantity. In fact, there were more found between 
IS" and 18H than in the top 6H, Except for the 
odd case of February, when the maximum wasin the
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top S'V the maxlMisi density of thie order is 
quit© obviously in the ©*• - 12” section through- 
out the year,

T)£.Xtji»Tredi - Table 2h
There Is m  increr&e in numbers? corresponding 

to increased. rainfall throughout the jeer* There 
is, despite the low numbers found8 a very ©lear 
vertical distribution# None was f&uod ir. the 
top 6” at ail* Their mazimun» density is markedly 
in the IS” - 1<V section; the numbers found in 
this section ©re almost three times a© many as 
between 6” and 12"« It is possible from this to 
suggest thst they may even be found below IS" ia 
quantity*

Aearlm - Table 21, Graph 4
Flnotuetions of total population again 

correspond to increase or decrease of rainfall.
As in the case of the Colletniiole, these fluctuati »ns 
are largely accounted for in the top 2", There i® 
a marked preference for the top Sr( and the lowest 
density is found in the lowest section throughout 
the period. Statistical evidence for these ©oa« 
cluaior.s may he found in tcble 22.,
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The acarines were roughly sorted Into two 
groups* armoured and non-armoureci, On more 
detailed examination to© armoured type© were found 
to be all Oribatidae, toe non-amoured mainly 
larval stages of various kinds* fh© results of 
this sorting are shown in TaM.es 8i and 83* It 
siay toe seen frosa these tables that they form only 
a small proportion of the total aearine population 
(about 10/1), The Oribatid total roughly follows 
the general trend, i,e», high in April* May end 
Kovember. in every month except one (April) these 
Oribatide show a at&rfced preference for the top 3rt,
In April the maxiicura density was in the 2” *» 6** 
section* The general preference for* the upper 
layers has been shown bv many authors in ®urop«# 
and has, r.lro been demonstrated in Trinidad toy 
Rtricklend (1945, 1947), though he was working 
in forest, whereas these samples are from grass­
land, Some of the Oribatids* have to'a certain . 
extent, been identified with the aid of Dr, G.O.Evans 
of the British Museum of lateral Hi story, and have 
been found to belong to the families Belbldae, 
Galumidee, Lohmanniidae, ~pilohmanniidae,
Dppiidae, Cerntosetidae, Oribatulidas* Eresoaiidae
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and oribotrldae, It i® thought by Dr, Evans that 
they as*© mostly new specie©* One hundred and 
forty-four 0 eoimena have been examined with th$ 
results as tabulated in Table 2k, Although only 
part of th© collection lias been examined, it would 
seera that the Oppiidae are the most imyQVtBnii 
family* and th© Lolsnaimlidae and Orlbatulldae 
also significant* As the Oppiidae ehov? a die- 
continuous vertical distribution, i,e,, the 
densities of the top 6W and 12” - 18w are about 
equal, but there ©re very few in the 6” - IS** 
section. It would appear that titere are at 
least two species involved, one Inhabiting the 
upper regions of the soil, the other occupying 
th© lower layers, fill the rest of the families, 
where the numbers are large enough to "be analysed, 
Bhow a marked preference for th© upper layer ,
This does not, of course, rule out the possibility 
of their being more than one species in each 
family,

ĵ j§̂ §gg£y|
Pauropoda - Tablfa £.(l)Graph 5. Table 22.

Th© fluctuations of population ©re not very
definite. There does appear, however, to be a 
rise from December to July, a fall in August and
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October, end then a very great increase In 
November and December, The imximrn vertical 
distribution veries, in December, January 
end February, the maximum density is between 
6" and 18", though the mexiraum in February 
is not bo definite* In March there ie a large 
increase in maabers in the top 2" and to a 
lesser extent between 2" and Srt* in March 
and April the maximum density is in the top 
3W, but ia May ia in the top Sn, Sxcept for 
the month of October, the maximum density 
remains in the top 2” for the rest of the 
year. The overall conclusion is that the 
higher levels are preferred by this group 
of animals and that their density becomes 
less as lower levels are attained,

asmpftarla - Table 2m, Grpph 6. .Table 22.
The seasonal distribution of this order is 

not perfectly clear# December end January are' 
the lowest totals* February shows a considerable 
increase, March to June, however, are progress­
ively smaller. In July there is a sudden in­
crease to more than twice the June total.

University of Ghana                              http://ugspace.ug.edu.gh



31,

Except for October, there is a steady increase 
from July to December. Vertical distribution is 
also rather complex. The maximum density in 
December is quite definitely between the depth 
of 6" and 12”. In January the densities in the 
6" - 12" rnd 12" - 18" sections are almost equal, 
and both much greater than the two upper sections.
In February the densities within the 2" - 6" tnd 
6" - 12” sections are almost equal and are each 
greater than the top 2" section end the bottom 
6". In March the densities of the 6° - IS* and 
top 2" layers are almost equal and are each 
greater than the other two sections* In April 
and May the greatest density is in the 2" - 6° 
section. There is & drop in the density of the 
top 2" and bottofe 6", although the 6” - 12” 
section still remained quite high. In June and 
July, though the maximum is still in the top 2" - 6H 
section there is a considerable rise in the top 2*« 
In August, however, the maximum has gone to the 
deeper layer of 6" - 12" as in the early months 
of the year, but in September and November the 
maximum has risen to the 2" - 6" layer once again.
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In December the density of the top 2n section 
is very much higher than in November, In fact, 
the highest of the year.

The maximum density is, therefore, not fixed 
at the same depth throughout the year, but moves 
up and down. It is never in the top 2W or the 
■bottom 6%  and its position in the two middle 
sections is not very clearly determined. It does 
seem possible though, that the maximum density is 
in a higher section In response to higher rainfall 
and wetting of the upper layers*

Because of the small numbers captured, little 
can be concluded about the following groups?
Isopoda (I1), Protura (16), Thysanoptera (6), 
Coleoptera (12)* Orthoptera (2), Araneida (9), 
Phalangidae (1), Diplopoda (18), and Chilopoda (35), 

Table 4 shows the percentage of the total of 
each group of arthropods. Similar figures are 
included from East Africa and a past.ire in England, 
for comparison (Salt 1952 and Salt et.al. 1948), It 
is felt that although a slightly different method 
was used in this work, the figures can be compared 
as both methods use a flotation principle and would 
not show the great differences which would be ex­
pected if one technique involved the use of a funnel
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principle* It may be seen from the first 
three columns of this table that in all areas, 
the Acerins and Gollembol® account fer a 
very high proportion of the population* 
i.e„ England 88%, East Africa 86% and West 
Africa 77%. There is* however, a difference in 
the proportions of the two groups. The figures 
for Gollembola are similar in England and in 
West Africa, but lower in East Africa, but in 
the ease of the Aearina the figures for East 
Africa and England are similar, and low in West 
Africa.

The main differences to be noted from this 
table are that the Paurepoda and Symphyla are 
▼ery obviously higher in West Africa than in 
either England or East Africa* Other differences 
are a higher proportion of psocoptera in west 
Africa than in the other two areas, and lower 
porportions in West Africa in the cases of the 
Thysanoptera, Hemiptera and Coleoptera.

Within the west African samples there is a 
marked difference between the fauna of the top 6" 
and that of the lower samples. In the lower layers
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the Collembola and Aearlna are very much fewer* 
the Symphyla, Palpigradi and Chelonethi, very 
much more numerous* The reason for this Is to 
he found In the vertical distribution of these 
groups (pp 26 - 31 )* It is interesting to note 
that the ' Dipiura show similar proportions at 
this lower depth to the proportions found in the 
top 6" in England and East Africa* This seems 
to indicate that the distribution of this group 
is at a lower level in West Africa than in the 
other two areas#

On the whole however* this table does show 
a remarkable similarity in the proportions of the 
groups to the total fauna in these three widely 
separated areas*

Discussion
This method of sampling appears to toe success­

ful in showing the vertical distribution of the 
soil fauna over a period of time* It has shown 
many points of value*

The increase in numbers as the wet season 
progresses from December to May could be expected 
from the appearance of the soil* In Beeeniber and
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January at the beginning of the sampling period, 
the top few inches of the soil were hard-baked 
and completely dry* Indeed it seems surprising 
that any arthropods.manage to survive in it at 
all* These top few inches are, however, trans­
formed by moisture into the richest layer of the 
fauna* When these upper layers are dry the 
arthropod population will be exposed to desiceation* 

Etching of the wax layer by the soil most 
probably increases the susceptibility of arthropods 
to desiccation and this in turn influences them in 
their avoidance of dry conditions*

Except in soils covered with heavy litter, 
(i.e., in forest,) humus is practically non-existent 
in the tropics, and the layer of food bearing soil 
(excluding roots) is extremely thin compared with 
the soils of more temperate regions* This may be 
seen from the soil analysis in Table 18. Animal 
populations will, therefore, be more concentrated, 
as is shown by the much greater overall density in 
the top 2H.

The vertical distribution of the orders 
Collembola and Acarlna, was similar to that of
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the whole population* The Marina were* with very 
few exceptions, free-living mites, and presumably, 
with a few possible exceptions, vegetable feeders.
She occurrence of these two vegetarian groups In large 
numbers in the upper layers would seem to support the 
view put forward above, namely, that plant food is 
present in the top few inches, but desiccation is 
the deterrent to large animal populations at this 
level during the dry season.

Two groups of the Arachnlda, the Palplgradi 
and the Ghelonethi, were found in the main in the 
lower layers, and seem to be completely soil living. 
This is particularly obvious In the ease of the 
Palplgradi, none of whieh were found in the top 
6H* if these orders are carnivorous they are 
obviously not in the optimum zone for food, at 
least in the wet season. Their distribution must, 
therefore, be controlled by some factor other than 
food. As the orders in general are retiring in 
habit, these particular ones are not behaving in 
any unusual fashion by staying in the lower layers 
of the soil. It seems possible, therefore, that 
the desiccation in the higher layers of the soil
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is again the inhibiting factor* Temperature could 
also play a large pert in determining this distribu­
tion. From Table 5 and Graph 28 it may be seen that 
the temperatures are lower and more stable in the 
lower layers of the soil* (Meteorological Service, 
Accra). 3 M s  is consistent with what is known of 
soil temperatures from other parte of the world.
It would appear that the distribution of these two 
orders is controlled by either desiccation or temp­
erature, or the two factors In conjunction.

The Pauropoda are reported to have a diet ofi
hums and decaying plant and animal matter (Starling 
1944). This agrees with their distribution, i.e., 
the greatest concentration In the tipper layers.
Their rather indeterminate seasonal distribution 
eould possibly be explained if more were known about 
seasonal fungal populations. The Symphyla, however, 
are in their greatest concentration In the lower 
layers (between 2" and 13M). Whether they are 
carnivorous or herbivorous', like the Palpigradi 
and Ghelonethi, they are not in the opt imam depth 
for food. It is possible, therefore, that again 
desiccation or temperature, or both, are the con­
trolling factors. Over the sampling period the
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the population was from 499,000 to 6f965,000 pep 
acre* at the least populated station* and from 
3,992,000 to 48)399,000 pel? acre, at the highest 
populated station. These figures ape of the same 
order as the population figures given by other 
authors, (Williams 1931, Michelbaeher 1939 
and williams 1905), They do, however, show a 
wider range and are higher at the most densely 
populated station at the best part of the season 
and lower* in the lowest populated station at the 
worst part of the season, than the figures quoted 
toy the authors mentioned above. These comparisons 
are made with samples taken outdoors and not with 
samples obtained in glasshouses where very high 
populations are found under certain circumstances.

iIt is felt that, because of the similarity of the 
extraction techniques used, these comparisons are 
valid. It has been reported that Fymphyla are more 
numerous in soils with an open structure and good1 
organic matter contents (Edwards IS29)* The soil at 
all the stations in this study are free-draining 
with a good open structure, Xt appears therefore, 
that there may be differences in the organic content of
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the soil at the various stations.
Comparison of the numbers of animals found in 

this area with the numbers found in East African
pasture (Salt 1952) shows that the density of

%
animals ialess in the Gold Coast than in East 
Africa, This could be the result of many factors.

The methods used for the extraction of the 
arthropods are different. In East Africa, the 
Salt and Hollick method was used, in the Gold 
Coast, Ladell’s. There is, therefore, the 
possibility that the two methods obtain different 
numbers of arthropods from the soil, the Salt 
and Hollick method being more efficient.

Another important factor rtiich is different 
in the two studies, is rainfall. In the East 
African work, the rainfalls, with the exception 
of the samples taken in the Arusha Chini district, 
were higher in every case, than the rainfall in the 
Gold Coast. If the argument ,..that rainfall 
controls the size of population is correct, then 
this could be very important in producing the 
higher arthropod populations in East Africa*

The amount of cover given by vegetation is 
important also and must be taken into consideration! 
The denser the cover, the less water will be
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evaporated from the soil below it, and therefore, 
the more effective will "be the rainfall in 
moistening the soil* This is particularly so 
in the higher levels* It is significant that 
the lowest density found fcy Salt in East Africa, 
was from bare ground in an area of low rainfall.

In an attempt to support some of the con­
clusions of this section, the following experiment 
was carried out.
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THE EFFECT OF OVERHEAD WATERING DURING THE DRY SEASON

Once it had been concluded that water played 
a great part in controlling the numbers and the 
distribution of -the arthropods, it \?as decided to 
test this conclusion experimentally# It was realised 
that experimental ecological analysis is very difficult 
because of the almost impossible task of varying one 
factor only in conjunction with a standardisation of 
all other conditions. It was thought nevertheless, 
that in this case, the advantages to be gained by 
examination of the animals in situ outweighed the 
advantages of working in the laboratory with all 
its attendant difficulties of maintaining the 
animals in as natural an environment as possible.

Method
Two stations were chosen in a field near the

plaee where the yearly fluctuation samples were
taken. Each of these stations consisted of four
circular sreaa each of one yard diameter. The
centres of these circles formed a square with sides
of one yard length. Two samples were taken from
each of two of the four areas in January before any
treatment was given. During the next five weeks,
one of the remaining two areas was watered, two 
gallons being delivered from a watering can every
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other* day at VS 30 1w»o*» at Station A and only twice e 
?i/e©k at station B. Mr. H*0, Walker, Chief Meteorolo­
gist of th© Gold Coast8 calculated that tills treatment 
would give approximately the same amount of water as 7 
inches of rain per month at station A* and 2 iaehes at 
Station B. After this trea'toent, two samples were tcken 
from th© watered area end two'from the remaining “dry" 
area. The first sample© at ftstlon A were taken on th® 
84th January 1955, and the second on the 28th February 
1955, At station B# the first samples were taken on the 
31st January 1955* and the second on the 7th March 1955. 
Relevant .rainfalls for th© period are* Peeeaber 1 ,2 2 ins,, 
January S.OS inches, ond February 0,51 inches*

By this inethoci of sapling# it was hoped that the 
first samples (before treatment) would show that the 
©era© population wa© sampled in the two areas at each 
Station. The second asmplinp, after treatment, should 
ehow what effect the watering wan having on the arthropod 
population ao cohered with the untreated area, ftatiqn 
A should chow a greater response than station B,

The core® were extracted as before (pp,® - 12} and 
the results may he found in Tables 6a to q ana 7a to p. 
Graphs 7 - 1 1  ere p»e-phieal represen.tations of Tables 
Sa9 d, m, n and q, ana Tables 7a, &* 1, m and p.
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Results.
Considering Station A only, it may toe seen that, 

exeept for on© samples the total population shows a very 
similar distribution (Graph 7, Table 6a), There is, 
however» a great difference in the "wetrt and ,#dryrt areas 
after watering* These conclusions are supported by 
statistical evidence (Table 23a). An analysis of variance 
shows that there is no significant difference between 
either duplicate samples or between the total populations 
of the two plots (P= >5-»)« The possible significance of . 
changes in distribution of animals by depth was assessed 
by comparing the two plots before and after treatment, by 
chi-squared tests* These two tests show that there was 
no significant difference between the plots before 
treatment (p=>5^), but there was a significant difference 
between them after treatment (Pss<li), The vertical 
distribution in the wet area is still similar to that 
found before watering, i.e. the maximum density In the 
top S'*. The dry area on the other hand shows a difference, 
the maximum density being in the S-6rt section. Chi-squared 
tests show that there is no signifleant difference (P=>5?5) 
between the vertical distribution of the population of the 
”wet" area before .and after watering, but a significant 
difference between the vertical distribution of the first 
end second sampling in the "dry" area. <!'*)«
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It i® interesting to not© toot there in no drop in 
total nwnbers in the dry area* The difference between 
the two areas therefore is a movement of naxiiHum density 
only and not a cliaage of nucSber®*

Examination of the various orders separately reveals 
a number of interesting points*
ŜtVBEafc

The nucribere eaptared are too'small for analysis 
(Table Sb), It would eeera, however* that they are 
possibly deeper seated in the soil in the second sampling 
in both wet and dry areas-, as none were found in the top 6H,

There is apparently no change.in the distribution of 
this order (Table 6e).# A great change in their 
composition is apparent however, Carapodeiid®e9 although 
foming about half of t he tots! piplura found in the 
first samplings- are completely absent in the second. The 
Japygidae in the other hand roughly naintain the same 
numbers and distribution ia all of the saraples,
Oollenbola

This order follows the sense changes of distribution 
os those found in the totalss i0e, the Rtaxir&sn density in 
the top 2" in the wet area and in the 3-6M section in the
dry area in the second set of sarrples» though the laasiraum 
density hod been In the top S” in both areas in the saraples
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token before trootraent, (Graph 0P Table 6d,) There 
is no ,difference ia total numbers between the wet and 
dry area©'and, therefore, an in the total population, 
the chans© brought about by watering is of vortical 
distribution, and not auisber®. Those conclusions ave 
supported toy statistical analyses similar to those used 
for the total populations on p,43 (Tabl© 23a, to & c).

’fhe numbers of this order captured ere too sssall to 
©nalyse (Table Bk0) It is worthy of note, however* that 
ell the specimens found wore is the IS-XQ” section of 
the core*

There o^noors to be no difference In distribution 
between the wet and dry plots In this order (Table 01),

top possibly in the 8-dM section.* After watering, 
howeve^r, the tnastoim density is in the $»12" scot ion in 
both wet ©nd drj, .dots* Again there is no difference 
in total nuntoem between tine wet and the dry areas. It 
would ccon therefore, thrt watering Lr°. >-’od.ieed no — 
ulfforonoo in oitaor t'.ie. ruobcre or\ o i r.tr'ib it Son of this 
order,
.Acmina

The sane pattern of changes vertical distributionj.

Before watering,the raaxlrasra density is oooowhore in the
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in th© dry areas shown fey the Collerabola, Is repeated l»y 
this order (fireph 9, Table 6m)® This conclusion io again 
supported %  statistical analyse® similar to those used 
for the total population ©a p*4-3 (Table 23a, b & c). 
Panroftoda*

The distribution of tfcia group was not very clear 
in th© first sampling end it is therefore difficult 'to. 
arrive at an# definite- conclusion about their distribution 
after treatment (Graph 10 ‘Table 6n)» It is perhaps 
significant hcroevor, that although Pauropoda were quite 
abundant in the dry area at the second sampling* none 
were found in the top 2’\

Although there is variation in the numbers of this 
group extracted in the four cores taken in the first set 
of samples* there is little doubt that their maximum 
density is in the 8-6'' section. (Graph II Table 6q.)*
This position of maximum density is maintained in both 
the wet and dry areas in the second set of nenpies. It 
Is perhaps significant however, that as in the ease of 
th© f%urop©d©# they are entirely absent from the top 8* 
in the dry area.

Because of the ons.ll numbers captured. little can 
be concluded about the following croups: Qoirc^Sttla
(Table 6©), flemiptera (Table Of’, Colooptera (Table Sg)
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Mymaridae (Table 6h), Araneida (Table 6i), Opiliones 
(Table 6 3), Chilopoda (Table 60) and Diplopoda (Table 6p),

The results obtained from Station B are different 
in many respects from those obtained at station A»
After waterings the total population of the wet and dry 
areas show a similar vertical distribution, i.e. the 
maximum density in the 8-S” section (Table ?a, Graph 7), 
but as at Station A, there Is no difference in total 
numbers. These conclusions are supported by statistical 
evidence, (Table ?3a)* An analysis of variance shows 
that there is no significant difference between either the 
duplicate samples or between the total populations of the 
two plots (P«s>S5)« Comparison of the two plots before 
and after treatment by the chi-squared test, showed that 
there was no. significant difference between them in the 
depth distribution of the animals either before or after 
treatment (r*e>5i''. Chi-squared teats show that there is
a significant difference between the vertical distributions 
of the wet area before end after watering and also in the 
dry area between the first and second samplings (P=<1^).
The vertical distribution.has therefore changed in both 
areas- in the second series of samples.

Individual groups illustrate still further, the 
differences at the two stations.
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rini*>ra...
The distribution of tills c M w  1© not oo clear at 

this station as at station A (Table ?©)* One point la 
perhaps worthy of taention, Ttie Csspodeidae were found
la the dry ©Fee of the second, satnpling (one in the top 
2" and one In the 1S~1RW section), - TMs le contrary to 
the expected result (see pp, 44 m d 59 ), that Ga:spodeidae 
are absent from dr# ©oil*
Collca&ola

This or.»or shows © similar distribution to Station A» 
the m x l m m  density being in the top SM in the first 
sample® and in the top £5rt in the wet are© after catering, 
but in the 8-6" section in the dr# area,, (Graph 8, Table 74) 
These ©oaolusiono as1© supported statistical analyses 
aiailar to those used for the total population© of Station 
A on p0 43 (Table S5£a,b &c)This distributions however* is 
not nearly so pronoime©& a© at station A„ i.e. the difference 
between the density of the top S’* end the 3~SW section 
appears to be very ©Hall ©t Station B, 
pftlpjgradi*

The nmbers obt ained in this order ore too snail 
to reach any definite conclusions about their distribution. 
(Table ?$), They do* however* show the normal vertical 
distribution, non© - being in the toy 6" and the raaxfcoum

University of Ghana                              http://ugspace.ug.edu.gh



density In the 18-18** section (85 in the lg-13M motion 
and 4 in the 6-12" section).
Chelonethl.

It wuld seera that no change took place in the 
distribution of this order, (Table ?k),
Ac

This order show© a simile.!? distribution to the 
total population, i«e « no differences between wet and 
dry area© in the second samplings the maximum density 
being in the S-6” section (Graph 9„ fable 71). These 
conclusions are supported toy statistical analyses similar 
to those used for the total populations of this station on 
p» 47 (Table 2§a, b and c).
Pauroooda.

As at station As th© distribution in the first 
stapling i© not ©leer ©ad it is therefor© ■ difficult to 
arrive at any definite conclusion about their distribution 
after treatment* (Graph 10 Table 7m), It may be 
noted that on© sample in the dry area is unusual in 
having it© maximum density in th© top 2" in the eeoond 
samyling* 
gaMgia.

The imxliwxn density of this group is (©accept for one 
©ample) In the SMS’* section in tSio first sex ©ling 
(Graph 11# Table 7p)« in the ncoond no-nplingi, however®
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it is in the 6-IS” section in every sample, with 
apparently no differences between the wet and dry plots. 

Because of the small numbers captured, little can 
be concluded about the following groups: Protura ( Table 7b)
Orthoptera (Table 7e), Psocoptera(Table 7f),
Thysanoptera (Table 7g), Hemiptera (Table 7h),
Hymenoptera (Table 7i), Chilopoda (Table 7n) and Diplopoc|a 
(Table 7o).

Discussion,
It would seem from analysis of the results obtained 

that the experiment has been successful in showing that 
water does play a part in the distribution of soil 
arthropods. The results would have been more conclusive 
if more samples had been taken. The short length of 
the dry season unfortunately prevented this.

There is no evidence from these results to show 
that the watering affected the numbers of the population.
In most cases the populations remained about the same 
throughout the experimental period.

An insignificant amount of rain fell during the 
period of observation,, i.e. 0.01 inches in February, and 
the artificial rain was therefore the only water received.
It has been showns however, that the number of animals
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responds to the rainfall of the previous month (see p. 19), 
The population total is therefore in response to the 2.03 
inches of rain in January and was not affected by the 
watering or dry conditions of February.

The hot dry conditions of February would result in 
the majority of the population being at a lower level 
in the soils, and this was found to be so in the dry plots 
of Station A and all the plots of Station B at the second 
sampling . In the wet plot of Station A, however, the 
maximum density was maintained at a higher.position in 
the soil* As the watering was the only primary difference 
between the two areas, it is thought that the upper layers 
of the watered area at Station A, being wet, allow the 
population to stay in the top S'*,. It would appear 
therefore,*that although the preferred position of the 
majority of the fauna is in the uppermost layers, dryness 
of the soil forces it to adopt a lower position. The 
watering at Station B seems to cause very little difference 
in distribution. Apparently, therefore, 2 inches of rain 
per month does not moisten the soil sufficiently to allow 
the majority of the soil fauna to stâ  in the top 2".

Temperature may play some part in this experiment 
as the vegetation in the wet area of Station A was 
noticeably thicker and less shrivelled after the watering, 
than the dry area and all the areas at Station B. It is 
possible therefore j, that the soil of the wet area of
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Station A was kept slightly cooler because of the 
deeper shade afforded by the thicker vegetation.
It is also possible that the evaporation of water 
from the soil is greater in the wet area of 
Station A. This would have the effect of cooling 
the surface layers. These two factors namely 
slightly increased shade and evaporation from 
the surface layers, could therefore have the 
effect of reducing the temperature of the surface 
layers. Temperature has been shown to be an imp­
ortant factor in the vertical distribution of 
many soil arthropods (Dowdy 1944) and funnel 
methods have been known for many years, using 
the principle of arthropod migration from higher 
to lower temperatures (Berlese 1905). Temperature 
coulds therefore, be playing some part in the 
different distributions of the wet and dry areas.

Pood may also be a factor in the experiment, 
as the watering may Increase the micro-biological 
population and so provide more food for the. 
meiofauna. This, however, would increase the 
total meiofauna, but not alter the distribution, 
unless the distribution of the micro-biological 
population was being governed by the watering in 
much the same way as the meiofauna appears to be
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governed. Water is still therefore, the

primary factor.
It woufi. seem, therefore, that the conclusion 

is correct that the preferred depth for the 
majority of the arthropods is in the top 2tt 
(possibly because of food). Desiccation 
during the dry season however, is the deterrent 
to the adoption of this area permanently. Also, 
although there has been shown to be a direct 
correlation between the rainfall of the previous 
month and the number of soil arthropods, the 
rainfall of the same month can be correlated 
with the vertical distribution of the soil 
arthropods.
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THE EFFECT OF SHADE ON THE ARTHROPOD POPULATION

Dowdy (1944) has shown that In America, 
temperature is the main stimulus behind the 
movements of soil invertebrates deeper into 
the soil during the Autumn and Winter, and 
closer to. the surface in the following Spring.
In the previous section, it has been shown that 
water content of the soil is a very important 
factor in the vertical distribution of soil 
arthropods in the soils of the Accra Plains,
As the two factors, water and temperature, are 
linked inseparably in natural conditions, it 
was thought that the amount of shade over the 
soil would prove to be an important factor. 
Another consideration also prompted this attempt 
to find the effects of shade on the arthropod 
population of the soil below.

Fluctuations of nitrate level in the soil 
have been the study of many agriculturalists in 
all parts of the world. In the tropics particul­
arly, results have been obtained which do not fit 
in with normally accepted ideas, i.e., in 
Nigeria (Diamond 1937), in Trinidad (Hardy 1946) 
and in Uganda (Griffith 1951), More recently, 
work has been carried out in the Gold Coast, 
(Greenland 1956).
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A typical nitrate fluctuation graph is 
reproduced from Greenland's work in Graph 12,
A few figures for soil arthropod populations 
were obtained from grassland in the same area 
(in the course of the sampling to find the effects 
of cultivation), during the same period when 
Greenland was obtaining the nitrate figures, 
and these are superimposed (broken line). It 
will be seen from this that there is a possible 
correlation, between the arthropod population 
and nitrate level in the soil. This correlation 
is not understood as yet. Salt (1956) has put 
forward an extremely interesting suggestion from 
his work in East Africa, that the nitrate increase 
at the start of the rainy season is due to the 
breakdown of arthropod moults by bacterial action, 
which have been lying undamaged in the soil during 
the dry season. Support for this theory may be 
found in the fact that bacteria of the genera 
Achromobacter, Flavobacterium, Bacillus,
Qytopha&a and Pseudomonas, Actinomycetes of the 
genera Streptom.yces9 Mlcromonos-pora and Nocardla
Aspergillus spp. and Mortierella sp. are known to break
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.. down arthropod cuticle^ (Veldkamp, 1955). Much more 
work has to be done however before the full nitrogen cycle 
Is understood in the tropics.

One of Greenland's experiments was to sample soil 
for nitrate in two adjacent plots of 1/40 acre each 
situated at the University College of the Gold Coast 
Experimental Farm at Nungua on the Accra Plains* Both 
plots had all vegetation removed from them, but one was 
shaded by woven palm leaves supported at a height of about 
three feet, while the other plot was left completely 
unshaded. The plots were surrounded by a stout barbed 
wire fence. Interference by man or cattle was therefore 
eliminated*

The soil of these plots is a pale coloured sand over 
2 ft thick. This lies over a variable thickness of quartz 
stones and gravel in a grey or brown, often mottled, sandy 
matrix which becomes more clayey with depth. The 
underlying rock consists of moderately weathered, clayey, 
acidic Archaean gneiss or schist containing numerous 
quartz veins. This soil readily absorbs water and may 
become waterlogged in the lower horizons following prolonged 
heavy rainfall. Moisture is probably retained satisfactory 
at depth during the dry seasons, but the sandy upper layers 
quickly become parched. The sandy upper layer accumulates
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very little organic matter and is almost barren of 
nutrients. The clayey lower layer is moderately strongly 
leached but .appears to^satisfactorily) retain, amounts of 
mineral nutrients. The whole soil however, is 
conspicuously deficient in phosphorous. The upper layer 
shows a tendency to wpackM on exposure,

A profile diagram, and mechanical and chemical analysis 
may be found in Figure 5 and Table 21.,

A higher nitrate level was found in the shaded plot 
than in the unshaded (Greenland 1957), It was decided, 
therefore5 to take samples in these two plots in the hopes 
that information would be obtained, firstly on the effect 
of shade on the arthropod population (all other factors 
being equal), and secondly to find any possible correlation 
between the arthropod population and the nitrate content 
of the soil, the nitrate content being a measure of 
bacterial activity.
Methods,

Each sampling consisted of two samples taken in the 
shaded plot and two in the -unshaded. Each sample of a 
pair was taken well away from the other so that any great 
difference in the two samples would indicate a local 
aggregation. The cores were split and extracted in the 
usual way. (p.8-12), The results appear in Table 8,
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Results*
It raoy to© seen from table 8a# that over

the wh©le period* there were almost twice as
*

many snimels in the shaded as in the unshaded 
plot. On comparing the numbers found ©t the' 
different depths, the differential i© seen to 
diminish as greater depths are attained. The 
ratios of shaded to unshaded ©re approximately 
as follow® *-

Rhsded Unshaded
Top 9" 3*3 1
S« -  6" 1.0 1

ew -12" 1,3 1
18" - 10* 1.0 1

Totrls 1.9 1

This is roughly the condition at every 
sailing end it may toe concluded that the main 
differences in population can be accounted for 
in the top 6*% though there is also a certain 
©mount of difference in the 6** - 13rt section 
(Graph 13}o There is no, difference In the 
lov/est section.

statistical evidence supporting those 
conclusions may toe found in Table f;4a and to*
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The results obtained in respect of the 
various groups of animals are shown In Table 8 
end, are here discussed separately,

Dlnlura
Only 5 specimens were found in the S4 

samples taken* These were all Japygidae, all 
in the shaded plot, and none were below 6'% 
(Table 8b)*

goJASFfeiaft
There is a very marked difference in the 

populations of the two plots In total numbers 
captured* This difference was confined almost 
entirely to the top Q" i„e.» the ratios of the 
numbers found in the two plots were

Shaded Unshaded
Top 3tt 7.3 1
2" - 6" 2.3 1
6" - 18* 1 1.1
12H - 18" 1.1 1

Totals 2*7 1

When the top 2’* and S'* - 6M figures are 
adjusted to compare with 6rt of core by multiplying
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by 3 and 1,5 respectively, the densities of the 
upper sections of the shaded plot are found to be 
quite different from the densities in the unshaded 
plot (Table 8c), Graph 14 is a diagrammatic 
illustration of Table 8c, This graph shows that 
in the shaded plot, the density of the top 2” is 
the highest and the densities of the other three 
sections become lower as the depth increases, as 
in the normal "wet season" distribution of April 
and lay in the regular sampling at Pokoase (Graph 3), 
In the unshaded plot however, the overall picture 
is one in which the 2° - 6'* section is of the 
highest density, the top 2” of the next highest, 
and the two lowest sections with similar densities 
to those of the shade plot. This is not true at 
every sampling, but is true in seven out of the 
twelve samples taken. In one case the two upper 
sections had no Collembola at all, and in only 
four cases was the highest density in the top 2”
This is what eould be termed "dry season" dis­
tribution, as in the December 1953 and January 
1954 samples at Pokoase,
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Despite the variations in the -unshaded plot 
results, there can be no doubt that there is not 
only a greater density in the shaded plot, but 
there is also a different vertical distribution 
in the two plots, the animals in the unshaded 
plot being at a greaterdepth than in the shaded. 
Statistical evidence supporting these conclusions 
may be found in Table 34a and b.

Psocoptera
Only a few specimens (12) were found, but 

these were mainly ia the top 2W of the shaded 
plot, only one specimen being found in the 
unshaded (Table 8d)•

Because of the small numbers captured, little 
can be concluded about the following groups 
Hemiptera (4), Mymaridae (6) and Coleoptera (1).

Acarina
There is apparently little or no difference 

in the populations of the two plots, i.e., taking 
the ratios of the totals at the various depths as 
before, the results are as follows
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Top 2"
Shaded
1.2

Unshaded
1.0

2" - 6« 1.1 1.0
6" - 12h 1.2 1.0
12*' - 18w 1.0 1.5

Totals 1.1 1.0

Graph 15 is a diagrammatic representation 
of the results obtained by adjusting the figures 
from the top 2W and 2M - 6M sections to corres­
pond to.6" of the core (Table 8h). There seems 
to he little difference in the vertical distribution 
under the two conditions* In the shaded plot nine 
out of twelve samples show the maximum density in 
the top 2"t two samples have equal densities in the 
two upper sections and in only one sample is the 
maximum in the 2" - 6" section. In the unshaded 
plot ten samples show the maximum density in the 
top 2%  one sample has equal densities in the two 
upper sections, and in one, the maximum density is 
in the 2m - 6tt section.

Differences may be found in the species present 
when specific determinations are made, but until 
this happens, little can be recorded beyond the 
important fact that shade has apparently no effect
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on the population density of the Acarina. 
Statistical evidence supporting these conclusions 
msy be found in Table 24a and b.

Chelonethi and Pal-pigradi.
It is worthy of note that no specimens of 

either of these two orders were found in any of 
the samples,

Pauropoda
Although the numbers captured are low, the 

distribution of this group follows much the same 
pattern as the Collembola, i.e., much higher 
numbers in the shaded plot than in the unshaded, 
with the animals in the unshaded plot being 
situated deeper in the soil than in the shaded 
(Table 8i, Graph 16). The results, however, are 
not quite so conclusive, as in two cases (17.10.55 
and 29.11*55) the numbers were equal in the two 
plots in the top two inches. Similar cases may 
be found in other samples at other depths. This 
is possibly because fche low numbers involved in 
these particular cases are not really significant.

University of Ghana                              http://ugspace.ug.edu.gh



64,

On analysis of the results from individual 
samples it may he seen that in the shaded plot, 
the maximum density of six samples, was in the 
top 2", and in the 2" - 6rt section in four samples, 
and in the 6" - 12w section in two samples. In the 
unshaded plot, the pob ition is rather the reverse, 
the maximum density in six samples is in the 2" - 6" 
section, in the top 2W in four samples and in the 
6" - 12" section in one sample (Pauropoda were 
completely absent from one sample). A more sig- 
nifieat fact, however, is that in the unshaded 
plot, Pauropoda were absent from the top 2M in 
eight samples, whilst in the shaded plot, this was 
only the case in three. Statistical evidence 
supporting these conclusions may be f ound in 
Table 24a and b.

It is believed, therefore, that the overall 
distribution is as stated above.

Chilo-poda
Only two specimens were found (Table 8j).

This is possibly significant in view of the 
absence of litter and stones from the surface.
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Again there is very little, or no difference, 
in the lowest section of the two plots.

Statistical evidence supporting these 
conclusions may "be found in Table 24a and b.
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Discussion
The conditions affected by shade are 

primarily physical. Vegetation is not a factor 
to be taken into consideration in this experiment 
as the plots were kept free of any plants by hand 
weeding. The soil was the same in both plots, and 
they both received the same rainfall* They were, 
therefore, as identical as possible in everything 
except the one factor, shade. Shade will a ffect 
the soil physically in two ways, firstly the soil 
will dry out much more slowly after wetting and 
secondly, temperatures during the day will be much 
less* Light will also be less intense under the 
shade, but as this can only affect the first few 
millimetres of the soil, it will not be taken 
into aecount. Physical conditions in the shade 
plot will thus be much less variable than in the 
unshaded plot. Any changes, therefore, in the 
population of the two plots will be due to one 
primary cause, shade.

Prom the results obtained, shade has a marked 
effect on the arthropod population. Not only is 
the total population reduced by exposure, but also 
adopts a different vertical distribution. This 
is due to the Collembola, Pauropoda and Symphyla,
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species of Collembola with the succession of 
Sphagnum species in the characteristic hummock 
of a Sphagnum bog. In a hummock, there is a 
gradation from free water to xerophitic con­
ditions* He suggests that the underlying factor 
or factors that are responsible for this dis­
tribution are not known with certainty, although 
from the known ecology of many of the sphagna 
and Collembola present it is evident that water 
relations must play a large part. It would seem* 
therefore, that Collembola are, on the whole, 
sensitive to the amount of w ater in their 
environment, though in varying degrees according 
to speeies#

As already pointed out, in the samples taken 
from shaded and unshaded plots, moisture and 
temperature are the only important environmental 
differences* Unfortunately it is not possible 
to separate the effect of these two factors. In 
the unshaded plot temperatures in the upper regions 
are very high and the rise during the day is rapid 
(Table 5, Graph 28) Therefore, except in the 
lower layers, where temperatures are similar in 
both plots, it is not possible to conclude whether
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71.

food humidity must be taken into consideration;

Food is most definitely a factor involved* as* from 
Haarl^v’s figures, it would seem that very little of 
the available space in the soil is actually occupied. 
If one animal of a particular species can live in 
the particular conditions of a cavity, than others 
of the same species could also live there if there 
was enough food. Humidity is also an important 
factor, for as Murphy (1955) has pointed out, the 
larger the cavity, the quicker it will dry out.

From the foregoing considerations it will be 
seen that the sandy soil of this experiment has 
two properties which are opposed to each other.
On the one hand, being sandy, they have large pore 
space which would make them dry out easily, on the 
other, the tendency to “pack" on exposure reduces 
pore space with a consequent reduction in their 
susceptibility to dry out. Both these factors, 
however, will have an effect on the soil fauna. 
Firstly, by reducing the humidity of the pore space, 
and secondly by reducing the Size of the animal 
which can live in it. The argument may be put
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forward, therefore, that when the plot was first 
cleared of vegetation, the first movement of 
Collembola downwards, was away from high temp­
erature and low humidity, but later as the soil 
packed, pore spaee mast be taken into account 
especially when considering the species present.

It has been found that both Pauropoda and 
Synrphyla need a moist atmosphere in which to live* 
Little is known of. the life history and feeding 
habits of the Pauropoda, though they are reported 
to feed on fungus (Starling 1944), Because of 
their more obvious economic importance, more is 
known of the Symphyla, They are reported to have 
varying feeding habits, species of Seutlgerella 
frequently attack growing plants possessing a 
succulent root system, but are able to live 
saprozoically on fungi and bacteria; Sgntphylella 
species, however, are exclusively saprozoic 
(Edwards 1955),

Similar arguments to the ones used above for 
the Collembola, may be applied here to explain the 
distribution of these miyriapods. There is possibly 
a reasonable explanation also of their greater 
density under shade when their food supply is 
taken into consideration. There is almost 
certainly better fungal growth in the moister
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and cooler shade plot. If this is so, then there 
will be a greater food supply for these predominantly 
saprozoic groups, in the shaded plot, than in the 
unshaded*

The Acarina show no significant difference in 
numbers in the two plots. From the findings of 
many workers it seems very probable, however, that 
species differences will be found. It has been 
demonstrated that the Oribatidae show quite 
different susceptibilities to desiccation in 
different species. The ability of different 
species to withstand desiccation has even been 
graded by measuring the time of survival of 
different species after they had been placed 
over calcium chloride (Riha 1951), As already 
pointed out, Haarl^v found a correlation between 
pore size and distribution of Acarina,

It would seem, from the above, therefore, 
that there are almost certain to be differences 
in species composition in the two plots, the 
species of the unshaded being smaller in size 
(because of packing) and more resistent to 
desiccation than in the shaded.

It is interesting to note that there is a
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marked drop of oribatid population in these samples
when compared with the normal grassland from Pokoase#
viz, Pokoase Nungua
% Oribatidae of total Aearina 11,2 2*1population
% Oribatidae of Aearina of top 2M 11,7 0,5

Only twelve specimens were found in all 
twenty-four samples, Their vertical distribution 
was s-

Top 2H - 1
2" -  6" -  6

6" -12« - 4
12" -18” - 1,

This small population, was therefore, not in the 
surface layers. It would seem, therefore, that 
the Oribatidae which were found were not litter 
feeders and that the low population was related 
to the absence of litter feeding forms*

Salt (1952) working on two similar plots in 
East Africa, found no significant difference 
between two samples in shaded and two samples 
in unshaded conditions. The plots in East Africa 
however, were not completely stripped of vegetation, 
and the shade was supported at a height of 6ft, 
Unfortunately Salt did not have sufficient time to
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take more samples or to split them into different 
depths, and so vertical differences In density 
will not he shown by his results* The siae of 
the plots is not recorded, hut as one was covered 
by a shade, it is assumed that they were small*
As the matting shade was supported at a height 
of about 6 ft*, a large proportion of this plcfc 
would be exposed to the sun for quite long periods 
of the day* The tropical sun is not directly 
overhead all day, but can be very strong many 
hours before and after its overhead position*
It is thought, therefore, that the shade at a 
height of 3 ft#, in these experiments in West 
Africa will be having a greater effect than in 
the Bast African experiments with the shade at 
6 ft*

Effects on Nitrate level
As in the yearly fluctuation of nitrate 

level, there is a correlation between the 
arthropod population and nitrate level*
Greenland (195?) found a higher level in the 
soil of the shade plot, end tiaese samples have
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shown that there is a correspondingly higher 
arthropod population. The link between nitrate 
level and arthropod populationis not simple, 
Veldkamp (1955) reports that the breakdown of 
cuticle by bacteria and fungi (see p*E5) is a 
very slow process* Beetle elytra were buried 
in the soil and dug up six months later. Although 
they had actinomycete© growing on them, they were 
still all in one piece. Miss leiklejolm of 
lothamsted Experimental Station, points out 
(in a private communication) that, although 
nothing is known about chitIn-decomposing 
bacteria in tropical soils, they must obviously 
be there, because remains of inseets disappear 
from the soil* Also, the breakdown of cuticles 
may well be quicker in tropical heat, especially 
in the wet tropics.

The application of van t*Hoff’s mile 
will give a rough idea of the possible 
difference in speed of break-down between 
Holland and West Africa* If it is taken that 
there is approximately 20°C difference in
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average temperature, and six months Is the time 
taken to break down a cuticle in Holland, then 
break-down should occur In six weeks In the 
Sold .Coast* This would seem to be too long a 
period to fit in with the sudden flush of nitrate 
at the beginning of the rains, although breakdown 
of cuticle may account for some of the later 
nitrate release.

Another possibility of a link between the 
arthropod population and nitrate, Is through 
exereta which is a much more readily available 
nitrogenous material. This oould also explain 
the sudden flush of nitrate at the beginning of 
the rains, i,e,, excreta lying untouched by 
bacteria during the dry season and then being 
broken down rapidly as the bacterial population 
rises with the onset of the rains. The higher the' 
arthropod population, the more excreted material 
there would be in the soil, as in the shade plot*
A higher population, of course, would also produce 
more moults,

Until more precise knoT/ledge is obtained, 
it seems that although arthropods are concerned 
In some way in the nitrate fluctuations in
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tropical soils, their actual role remains obscure. 
It would appear, however;, that soil meiofaunas 
can be used as indicators of micro-biological 
activityt i.e., the greater the density of the 
arthropod fauna, the greater must be the micro­
biological population, for two reasons. Firstly, 
conditions which are beneficial to soil meiofaunas 
are almost certain to be beneficial to bacteria 
and fungi, and secondly, the food chains of most 
of the meiofaunas depend ultimately on micro­
biological populations.
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THE EFFECTS OF CULTIVATION ON SOIL FAUNA

Introduction
The effect of agricultural practices on soil 

fauna has interested many workers. Unfortunately 
much of this work 1b of little value because the 
fauna of the cultivated soil was not compared with 
that of the surrounding undisturbed soil, and 
techniques have varied enormously. As Murphy 
(1955) has pointed out, the small populations 
of arable land may be a reflection of technique, 
although there is a general impression that soil 
disturbance causes major reductions. It would be 
unwise to attach too much importance to these 
data since there is not sufficient information to 
provide a comprehensive picture of population 
densities, but they are the best available.

Buckle (1921) came to the conclusion that * 
the distribution and numbers of the soil fauna 
are more stable on grass than on arable land, 
that there is a corresponding increase in the 
fauna on both arable and grassland as vegetative 
.growth Increases and that there was no character­
istic fauna of arable, Morris (1922 and 1927) 
working mainly on the effects of manuring, came
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to the conclusion that artificial manures have 
little or no effect on the soil fauna, while the 
effect of dung in increasing numbers and the number 
of species of the fauna is considerable, Edwards 
(1929) comparing cultivated land with a pasture of 
a similar soil type in the same area came to the 
conslusion that, in the cultivated land, although 
there was an increase in Symphyla, Diplopoda and 
some Collembola (Tullbergla sp,), there was a 
reduction of other Collembola, Acarina, Coleoptera, 
Diptera and Oligochaeta. tfranz (1949 and 1953) 
working on similar lines to Morris confirms this 
View, The latest work on the effects of cultivation 
by Tisehler (1955), shows that soil populations are 
influenced by the time of ploughing and that deeper 
working ploughs (after one year’s investigation) 
were rather more favourable (to the fauna) than 
surface scraping types. The results of his experi­
ments carried out on the effects of manuring, also 
agree with those of Morris quoted above, that 
organic manure was found to increase the fauna, 
Tisehler, however, found that inorganic manure 
increased the fauna indirectly by increasing the 
vegetation cover and plant refuse.
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It is interesting to note that all the 
investigations of true soil dwellers in the 
tropics have Included attempts to discover the 
effects of cultivation on soil faunas 
(Van Zw&2uwenburg, 1926 and 1831 j Strickland 
1945 and 1947; Salt* 1952 and 1956), Agric­
ulturalists in the tropics, facing the difficulty 
of very rapid soil degeneration after cultivation 
are keenly interested in gaining any information 
which may lead to a solution of this ever-present 
problem. Van Zwaluwenburg (1926 and 1951) working 
in Hawaii found that there was a larger arthropod 
population in the soil under sugar-cane than in 
fallow ground after the cultivation of the crop, 
Strickland (1945) In the West Indies, took samples 
in untouched forest and cacao estates and found 
that both the soil and litter arthropod 
populations were much smaller under the cacao 
than the forest. He concluded that this was a 
result of regular trampling and cutting of weeds 
in the cacao estates. Comparing savannah 
grassland and cacao however, he found that 
although the population totals were very similar 
In both areas, their generic composition was
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quite different (Strickland 194V) In East Africa, 
Salt, after taking samples from savannah and crops 
of coffee and cassava, came to the conclusion that 
the arthropod population of cultivated soils was 
much less than that of adjacent pasture land,
(Salt 195S) It would seem, therefore, that the 
nature of the crop is a factor in determining the 
size and perhaps the species composition of the 
population beneath it. This agrees with the 
findings of workers in Europe, i.e., Tischler 
(1955) states that if one takes the biomass of 
a winter cereal on heavy soil as being equal to 
100%, then the biomass on potato fields on the 
same type of soil equals 50̂ .

In view of the above, it was thought that it 
would be of value to investigate the effects of 
cultivation in West Africa, and extend them by 
attempting to discover the recovery rate of the 
population after the crop was lifted. The two 
areaB compared, therefore, were undisturbed 
grassland savannah, and a plot of twelve months 
old cassava. Cassava was chosen as the 
cultivation to be studied because, firstly, 
it is the basic staple crop grown on the Accra
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Plains and secondly, the results could he compared 
with those Obtained in a different area of the 
tropics under different conditions, (Salt 1952)« 
Cassava forms very little litter, as few leaves 
are shed* The surface of the ground, therefore, 
is almost bare of any cover, which is accentuated 
by the fact that cassava, even fully grown, forms 
a very open canopy. This is because only the 
leaves at the top of the stem are left growing, 
and these, although broad, are not dense*

The soil was sand-elay complex (Simpa-Agawtaw 
Complex of the Gold Coast Soil and Land Use Survey). 
The surface layer of about 12" consists of a grey- 
brown, porous, fine to medium sandy loam, firm and 
porous in the profile, but crumbling loose when 
disturbed. Humus staining is slight and confined 
to the topmost 2W# There is a distinct break 
between this horizon and the subsoil, which 
consists of up to 18" of dark grey-brown, often 
mottled, very compact, sandy clay, cracking into 
six-sided columns on drying. This grades downwards 
to pale grey or pale brown, cloddy, sandy clay, with 
lime and often manganese concretions. The base of 
the profile, usually at 3 - 4ft., is character­
istically marked by a thin line of small ironstone
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concretions and/or quartz gravel overlying 
moderately to highly weathered gneiss or schist 
which often contains lime nodules* A profile 
diagram of this soil may he found in Figure 6*

The topsoils are capable of absorbing water 
to a certain extent, but the subsoil is highly 
impervious, and a considerable amount of rain 
water is lost by surface run-off. The topsoils 
rapidly become dried out during the dry season, 
moisture retained in lower horizons Is probably 
not easily available to plants and animals, and 
in fact, the lower part of the profile often 
appears permanently dry.

They accumulate very little organic matter* 
and are moderately leached in the upper part of 
the profile. Nitrogen and especially phosphorous 
are deficient, but the potash content is moderate 
and calcium and magnesium are plentifully supplied 
in the lower horizons#

An analysis of the grassland flora may be 
found in Table 14, and relevant meteorological 
data in Table 11*

Farther information on the effects of 
agricultural practice was also gained. Two 
small adjacent plots (5 yards by 1 yard), of
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sandy soil were kept completely free of 
vegetation toy weeding. One of the plots* 
however was turned over by spade to a depth 
of one foot every week for three weeks* 
Unfortunately, it was not possible to arrange 
this experiment on the same soil as the 
cultivation/grassland plots, and was, therefore, 
carried out at a Government Agricultural Station 
in Accra, a few miles away. It was hoped by this 
treatment to show the effects of disturbance on 
the soil meiofauna.

Methods
Buckle (1931) was probably the first to put 

forw&rd the view that in studying the effect of 
cultivation upon the soil fauna, a comparison of 
grass and arable land in similar areas will be of 
value, since it may be taken that grassland is the 
initial condition and that differences demonstrated 
on arable land are due to environmental conditions 
induced by cultural operations. This view has 
been taken by a nuariber of soil zoologists since 
that date. The ideal method, however, is probably 
to sample the area ®nd its surrounds before 
cultivation, in order to ascertain the normal
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population, and whether the surrounding population 
is comparable with that which is in the area to be 
cultivated. Regular sampling should then be 
carried out in the cultivated plot and in the 
surrounding soil* Unfortunately it is very rarely 
possible to find undisturbed soil which is about 
to be cultivated, and most workers have, therefore, 
sampled only in the cultivated and surrounding soil, 
without the initial survey* The initial survey had 
to be omitted in this survey also. Sampling was, 
however, carried on for six months after the crop 
had been lifted, and the area allowed to return to 
grass. It was hoped to continue this sampling for 
at least twelve months* This was not possible, 
however, as the original plans for the plot were 
changed, and' another crop was planted*

Two samples were taken in the cassava and 
two in the adjacent grassland at each sampling*
The cores were split and extracted as before.
Each sample in the grass was taken approximately 
12 yards from a sample in the cassava. It is 
thought that the samples of any one set taken 
on the same days are, therefore, comparable.
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Results

Comparing the total arthropods in the grass­
land and the cultivated plot, it may he seen that 
the two populations are not greatly different in 
size (Table 9a). The population of the grass, is, 
however, larger than the cultivated. On the other 
hand, after the crop had been lifted there was a much 
bigger difference in the two areas, the population 
of the grass being very much the larger. Reference 
to Graph 18 which is a representation of the total 
population of each pair of samples in the two 
areas, shows that the population in the cultivated 
plot was below that in the grassland throughout the 
observation period. The fluctuations of the total 
numbers of the two areas, in fact, were remarkably 
similar, except for one sampling (7.11,55.)

The vertical distribution of the meiofauna in 
the two areas shows a very important difference 
(Graph 19). The grassland fauna shows a very 
similar distribution both while the crop was 
growing, and after it had been lifted, the maximum 
density being in the top 2", the 2M - 6", Q" - 12" 
and 12" - 18" sections having successively lower 
densities. In the cultivated plot, however, the
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distribution while the crop was growing, was-quite 
different from that shown when the soil was reverting 
to grass after the crop was lifted* During cultivation 
the maximum density was in the 2" - 6” section, the 
6" - 13", top 3" and 12” - 18" sections having 
successively lower densities. After the crop had 
been lifted, however, the overall picture is one in 
which the maximum density is in the top 3”, and the 
2" - 6", 6" - 12" and 13" - 18" sections having 
successively lower densities as in the grassland.

It will be seen from Graph 18, that there are 
two very low populations, one in July and the other 
in November. 'T’hese are the result of the populations 
of the Collembola and Aearina decreasing, and will 
be discussed later.

Graph 1© illustrates that the results from 
individual samples mirror the general pattern of 
distribution given above with the notable exception 
of September, which showed a typical "dry season" 
distribution in both the grassland and cassava, 
i.e., the maxtuum density not in the top 2", but 
somewhere between 3" and 13". This is the expected 
distribution xvhen it is noted that practically no 
rainfall fell in August, and September up to the 
time of taking the samples.
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In general, therefore, it would seem that 
whilst actually under cultivation, the total 
fauna showed only a slight decrease in numbers, 
but a very definite difference in vertical dis­
tribution, the majority of the fauna being at a 
lower level than normal, (i.e, in the grassland.) 
After the crop had been lifted, however, there 
appeared to be a rather larger reduction of 
population, "but a more normal vertical distribution* 
Statistical evidence supporting the above con­
clusions may he found in Table 25a and b.

Differences may also be noted in the 
individual groups of arthropods.

Collembola
The numbers obtained of this order are rather 

variable. It would seem, however, that the 
population washigher in the cultivated plot than 
the grassland, whilst the crop was still growing, 
but smaller after its removal (Table 9c, Graph 30), 
There was a verjr great difference, howeger, in the 
vertical distribution of the population whilst the 
crop was growing. The maximum density in the 
grassland was in the top 2”, the 2*' - 6", 6“ - 12'* 
and 12M - 18'' sections having successively lower
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densities* On the other hand the maximum density 
in the cultivated plot was in the Sw - 6” section, 
the 6'* - 12% top S’* and 12'* « 18” sections having 
progressively lower densities* After harvesting 
the crop the vertical distribution in tooth areas 
are the seme. During cultivation, therefore, the 
population occupied & deeper position in the soil. 
Statistical evidence fos? these conclusions may 
be found in Tables SSa end b.

The grassland show® two very low populations 
in July and November, This is rather Interesting, 
ae it contradicts the general theory put forward 
earlier (pp. 1© St 20) that the population is the 
result of the rainfall of the previous month. In 
this case, however, the rainfalls of the previous 
month® of lune and October were exceptionally high. 
Examination of the soil when the July and November 
samples were taken showed them to be waterlogged 
below the top few inches which was the result of 
SI.56 inches of rain falling in June, and 5,06 inches 
falling on the 87th October* Almost all the 
specimens found in the July and November samplings 
were la the top 6M, (Graph SI), i.e.
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Percentage of Total 
Top 2rt Top 6"

Grassland July 69.2 84,6
Grassland November 51,0 87,8
It is thought, therefore, that the low 

population, mainly occupying the uppermost layers, 
is the result of waterlogging of the lower layers 
of the soil, i.e., the animals either being killed 
or forced to the drier uppermost layers to escape* 
Similar figures for the cultivated a rea show that 
the population is not nearly so concentrated in 
the upper layers, i.e.,

Percentage of Total
Top 2" Top 6”

Cassava July 18,2 45*4
Cassava November 11,7 73,4
It was observed when taking samples from the 

cultivated plot that the soil was only waterlogged 
in the bottom few inches,

Hemiptera
There is a very definite reduction of this 

order in the cultivated plot, i.e., 63 specimens 
from the grassland and only 2 from the cassava 
(Table 9f). Almost all the specimens collected 
from the grass were Geococcus coffeae Green, It
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is thought, therefore, that this species is 
associated with grass roots. Some confirmation 
of this may he found in the fact that, although 
the species is best known for its association with 
the roots of the coffee plant, it has been found 
quite frequently on monocotyledons, i*.e,, Canna Lily,

Acarina
Table 9(1) and Graph 22 illustrate that the 

population of the cultivated plot is lower than the 
grassland throughout the whole period* In fact, 
there is an almost perfect correlation of the 
fluctuations of population in the two areas. There 
is a great amount of difference, however, in the 
vertical distributions in the tiro areas while the 
crop was still growing (Graph S3), The maximum 
density in the grassland during this period was 
quite definitely in the top 2", the 2" - 6rt,
6rt - 12w and 12'* - 18H sections being successively 
smaller. In the cassava however, the maximum 
density is definitely lower in position in the 
2" - 6" section, the 6" - 12", top 2M and 12M - 18w 
sections being successively lower. After the crop 
was lifted, however, the distribution in the old 
cultivated area was the same (with lower numbers) 
as that of the grassland. Cultivation, therefore,
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resulted in a smaller and deeper positioned pop­
ulation of this order*

Statistical evidence supporting these conclusion© 
may be found In table® 2Sa and b.

.Ao to the ease of the Colleiabola, there was a 
la* population to July, In Hornber# ho»5f®vep, 
although the Collerabola sgein showed a great 
decrease «P population, the Aearina maintained 
their Septeafeer total*

gaurono&a
■ The total population of this order show© a very 

marked change after lifting of the crop (Graph 24# 
Table, Obi), ' in the first set of samples, while the 
crop wee ©till standing#'only 10 specimen® were 
obtained from all the six samples taken in the 
ce©@av% whilst ia, the corresponding period in 
the grassland 9© spaeiaens were obtained* After 
the crop had been harvested* however# there mss a 
great increase in, population until in the i;ov<aaber 
©©inpltag©, the cassava population was ©lightly 
higher than the graaislisna* to both areas at all 
times* the m e x i m m  density was below 3* (fable 9m)* .
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The effects or disturbance
The possible effects of disturbance are shown 

toy the results tabulated in Table 10, It was 
intended-to take msny more samples, but unfortunately 
the plot was required for other purposes and the. 
experiment had to be abandoned. The results, 
however, do agree with the findings of other workers, 
but are only included in this work as confirmatory 
evidence.

From Table 10a it may be seen that the totals 
from the undisturbed plot are nearly twice as 
great as in the turned-over plot, and that this 
Increase is due entirely to the larger population 
of the top 6”.

The Collembola do not show a great difference 
in sisse of population, but are rather deeper 
seated in the turned-over plot (Table 10b), The 
Acarina, Pauropoda and Symphyla on the other hand, 
show a great reduction of population in the turned- 
over plot, (Tables lOe, f and h respectively).

The general impression left by this experiment 
is, therefore, that mechanical disturbance by 
digging, is detrimental to the meiofauna of the 
soil,
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Discussion
From the effects of disturbance experiment, it 

seems possible that there may be considerable reduction 
of the population during ploughing and planting of 
the crop* When this disturbance is finished, and 
the soil allowed to settle down and adopt a more 
permanent structure, however, it appears, from the 
results of the cassava sampling, that the population 
rises until, under the well-established crop, only 
a small reduction of the total population occurs* 
After lifting of the crop, the difference in the 
two populations is rather more evident. This is 
possibly again the result of disturbance to the soil 
caused by the digging-up of the root crop. On the 
other hand, the population was still smaller than the 
grassland sixmonths later, when the soil of the plot 
was settled down and more or less covered by grass.
It is thought, therefore, that this is not the 
result of disturbancej but of the so-called "hunger 
years” starting, Tisehler (1955) has pointed out 
that a reduction in the number of animals follows 
each measure which is taken to cultivate the soijj 
the number of animals, however, can very rapidly 
become adjusted again as a result of the better
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conditions caused by cultivation and, therefore* 
this Is not always harmful# Only when one wishes 
to reconvert a tilled field to grassland dees one 
abandon the impoverished soil to itself* The low 
population six months after the lifting of the crop 
is thought, therefore, to be the result of 
impoverishment of the soil by the crop*

The large drop in population in both the 
cultivated and grassland areas in July, appars 
to result from waterlogging of the soil after the 
unusually high rainfall of June, Murphy (1955) has 
shown that water may become an active competitor 
with the meiofauna for living space. It is thought# 
therefore, that in this ease, water has filled the 
available pore space with a resultant reduction in 
soil arthropod population. In November, however, 
the high rainfall occurring a short time before 
sampling, results in reduction of population in the 
grassland, but not in the cultivated plot* This 
lends support to the above arguments, as it was 
found that the soil of the grassland was visibly 
waterlogged while that of the cultivated plot was 
merely damp. The reason for this, is that as a 
result of cultivation, the drainage is better than 
in the undisturbed grassland.
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Individual groups of arthropods although all 
following the general trend of reduced numbers in 
the cultivated plot, showed rather important 
differences in distribution*

The Collembola seemed to benefit by cultivation 
in that the population was higher in the cassava 
than in the grassland* Waterlogging however, reduced 
the population to that of the grassland (15.7,55-). 
Waterlogging also reduced the population in November 
in the grassland but in the cultivated plot, the 
numbers remained approximately the same. It may be 
stated, therefore, that in general, cultivation, 
probably as a result of improved aeration and 
drainage is apparently not harmful to Collembola*
This is supported by the results of the disturbance 
experiment, which showed practically no reduction 
in total population of this order.

The Acarina, on the other hand, were definitely 
reduced in numbers throughout the inti ole period in 
the cultivated plot* Waterlogging affected both 
areas in July, but not in November, It has been 
shown that small pore space can result in a 
scarcity of Collembola and an increase of the 
smaller species of Acarina (Murphy 1953). If
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the arguments put forward above, are correct„ then 
the ecarine population not being reduced In either 
area In November is explainable. The extremely 
waterlogged conditions of July result in a 
reduction of population of the Collembola and 
/■carina in both areas. In November* however, the 
grassland was waterlogged, but the cultivated area 
was not, end this resulted in a reduction of 
Collembola in the grassland but not in the cultivated 
area* On the other liahd, the Aearina were not 
reduced in numbers in either area, possibly because 
the soil of the grassland though not as waterlogged 
as in July, contained enough water to reduce the 
Collembola population* The smaller sized Aearina* 
however, were able to survive in the limited pore 
space*

The Pauropoda were very definitely reduced 
during cultivation, but showed an interesting 
Increase in numbers after the crop was lifted. It 
was observed, by digging where the cassava had 
been growing, that fragments of the tuber were 
left in the soil and were degenerating rapidly 
through the action of insects and fungi, which 
could be seen with the naked eye. It is thought
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therefore, that the Increase of the Pauropoda
population in the cultivated a rea after the harvest, 
is a result of increased food supply In the form of 
fungi. Prom the effects of disturbance experiment 
it would Beem that this group is considerably 
affected toy disturbance,

The vertical distributions of the Collembola 
and Acarina were quite definitely affected by 
cultivation, i.e., they were situated at a lower 
level in the soil# This is certainly the result 
of the lack of protective covering. As already 
pointed out, cassava forms a very open canopy, 
and the soil beneath is quite bare of litter 
and exposed. Physical conditions are, therefore, 
rather similar to those found in the exposed plot 
of the experiment on the effects of shade, where 
it was shown that exposure of the soil decreased 
the population and forced it to adopt a lower 
position in the soil (p. 67 ), Exposure,
therefore, with consequent drying out and high 
temperature is almost certainly the initial factor
involved in the lower level adopted by the majority 
of the Collembola and Acarina in the cultivated 
plot*
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This is, however, not in complete agreement 
with the results obtained in the experiment on 
the effect of shade* where the Acarina were fouril 
to be not affected by exposure of the soil. Some 
other factor* therefore, has been introduced in 
this case. It is feasible that this may be that 
disturbance by cultivation caused the soil to dry 
out more than in the shade experiment, and that 
this extra dryness forced the Acarina to adopt 
a lower position.

wasExposure of the soil/probably the primary 
factor in the smaller population found before 
the crop was lifted. Its influence, however, 
would become less as grass established itself 
after harvesting.

It has been shown, therefore, that 
disturbance by cultivation methods reduces the 
population* Once the soil has settled, however, 
and the crop established, the reduction is not 
so evident, but there is an adoption of a deeper 
position in the' soil by th© majority of the 
arthropods present. There is a larger reduction 
of population, however, after the crop has been
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harvested and the soil left fallow. Exposure 
of the soil is thought to he the primary factor 
involved in the deeper position, and lower numbers 
of the arthropods in the cultivated plot.
Harvesting of the plot probably reduces the 
numbers because of the disturbance caused in 
lifting the tubers. Exposure will be of decreasing 
influence as grass is established on the fallow 
ground, and in this period, impoverishment of the 
soil after the' crop is probably the main factor 
in the reduction of the population.
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It has been known for a long time that there 
is a correlation between certain/soil animals and 
soil type* Almost eighty years ago, it was noted 
that earthworms were absent for a "mor” type of 
soil and present in a "mull" type (Muller 1879 
and 1884)* More recently earthworm distribution 
has been correlated with the sandiness of the soil 
(Guild 1948), and acidity and calcium deficiency 
(Satehell 1955). Carabid species of the genus 
Harpalus have been shown to avoid coarsely 
granulated soil (Lindroth, 1949). Various authors 
have shown that certainspeeies show a preference 
for certain moisture conditions (Marchand 1953, and 
HeycLemann 1953)* Tischler (1955) comparing the 
fauna in two fields found that although the 
majority of the Chilopoda and Diplopoda were 
less prevelant in sandy soils, certain species 
actually preferred them. Blower (1955) points 
out that most ifdllipedes are influenced to a 
certain extent by calcium in the soil, but this 
may be due to the fact that calcium ions in the 
soil water may exert a beneficial effect by 
limiting the permeability of the epidermis

THE POPULATION OP CONTRASTED TYPES OF SOIL
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and thus restricting any water intake by endosmosis. 
Tisehler (1955) working on the influence of soil 
types found that most species of Collembola 
appeared to show no preference for sandy or loamy 
soils, Xenylla maritima Tullb. and Hypogastura 
viatica Tullb*, however, preferred the lighter soil* 
Among the mites, G-ajiiasids were found predominant on 
the loamy soils but on the sandy soils Trombldlids 
predominated. Mites and Collembola were found at

Igreater d epths in the sandy soils;
In discussion at the University of Nottingham 

Snd, Easter School in Agricultural Science 1955, 
Professor Ktihnelt stated that it is very difficult 
to correlate soil fauna and soil groups In general, 
as the same soils may occur in different parts of 
the world where different faunas occur (Kuhnelt 
1956a). Dr, P*W, Murphy pointed out, however, that 
there are many animal groups which have been very 
little studied and until they are, the possibility 
of particular species being confined to certain soil 
types cannot be dismissed, (Murphy 1955a.).

In previous sections, the soil has been taken 
as a wconstantH, i.e., experiments have been
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carried out on a site chosen for the homogeneity 
of its soil* and other factors such as water, shade 
and mechanical disturbance have been varied. While 
it is obviously impractical to experimentally vary 
soil types, it is comparatively easy to choose 
different types. In this section an account is given 
of the population in different types of soil, which 
are typified in fact, by the profile and other 
data provided by the Soil and Land Use Survey of 
the Gold Coast, The soil, however, cannot be con­
sidered as a single variable in the same way as 
water or shade* It is clear from the literature 
however, that the soil type might often be a result 
rather than a cause of the fauna (Kubiena 1955),
As in most ecological problems, however, cause and
effect are very difficult to distinguish.

Three main type s of soil occur on the Accra 
Plains, Latosol (commonly misnamed "laterite'1),
Black Clay and Sand, These are all found in a 
natural undisturbed state within two miles of 
each other near Utsngua where a Meteorological 
Station is established. They had all been analysed 
by the soil and Land Use Survey of the Gold Coast, 
and all supported sparse grass. An analysis of 
the different plant communities may be found
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in Tables 15, 16 and 17 and Met. Records for the 
period in Table 11#

Colour is the first difference to be seen 
between these soils, the latosol being a browny 
red, the clay, black, and the sand a light yellow* 
The large hills of Macrotermes sp# are prevalent on 
the latosol but absent from the other two areas 
(possibly another example of a particular speeies 
being associated with a particular soil type)* 
Nasutltermes sp,' which build very much smaller 
hills are on all the soils, Thicket clumps develop 
on the broken-down hills of Macrotermes on the 
latosol and it is because of the presence of this 
species that thicket is very much more prevalent 
on this soil than the other soils* Samples were
not taken from the thicket, however, but from the 
grassland between. Photographs of the three areas 
may be found in Figures 3a, b and c.

in interesting point arises from a study of 
the black clay, A certain amount of thicket is 
found on this soil, apparently on broken-down 
mounds. These mounds appear to have been quite 
large, Macrotermes however, has never been found 
on this soil except once, and that wa the piled 
soil from a ditch. This is not merely a superficial
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observation, but the result of a detailed search 
covering many scores of miles. , It appears that 
these mounds are the result of suoceesive 
Nasutitermes mounds built on each other, or 
Macrotermes has been present in the soil at some 
time. As each clump of thicket on the clay, 
however, usually contains at least six mounds 
formed by Nasutitermes* it is thought that the 
first theory is correct*

A description of the different soils from 
the Soil and Land Use Survey is as follows.

Latosol (Nyigbezxya Series)
The topsoll, about 5W thick consists of 

brown or dark reddish-brown, loose or friable 
sandy loam. Below this is about 8 ft of friable 
red, sandy, light clay containing abundant iron­
stone concretions. In some areas (but not in the 
area investigated in this work) variable amounts 
of quartz gravel occur within one foot of the 
surface. The concretionary horizon usually 
extends below 3 ft. Where rock has been encountered 
it has been thoroughly decomposed to a red, rather 
mottled and usually gritty clay* Generally the 
complex is underlain by Archaean crystalline rocks.
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The soil is well-drained and absorbs water 
freely during the heaviest rainfall. The topsoils 
dry out thoroughly during dry periods, but the clay 
subsoils appear to retain moisture more satisfactorily. 
They are poorly provided with plant nutrients, and 
these are concentrated in accumulated organic matter. 
Phosphorous seems to be particularly deficient.
Lime accumulates very locally (but not in these 
samples) in and below old termite mounds.

Soil profile description and mechanical and 
chemical analysis may be found in Figure 7 and 
Table 19. Floral analysis may be found in Table 15*

Black clay (Akuse series)
The surface 4 - 6  inches consists of black 

or dark grey clay, heavy and plastic when moist, 
but compact and nutty to small cloddy when dry, 
with wide vertical cracks. This horizon grades 
downwards into 1 - 3  feet of dark grey, heavy 
cloddy clay, cracking widely into large columnar
blocks continuous from the ground surface. Below

/.this is a mid-grey,* cloddy plastic clay containing 
abundant small, hard lime concretions. This clay
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overlies a number of different rocks*
Oli wetting, the Boils quickly absorb water, 

which causes the clay to swell rapidly and close 
up all the cracks. During rainfall, therefore, 
they are impervious, and shed Water by surface 
run-off, The surface relief generally ensures 
good external drainage, but Internal drainage is 
impeded. On drying, wide vertical cracks 
develop, but the interior of the structure units 
remains moist, although little of this moisture 
is likely to be available to living organisms.

The soil has a satisfactory lime-status but 
is rather poorly provided with nitrogen, potash 
and especially phosphorous.

Profile description, chemical and mechanical 
analysis may be found in Figure 8 and Table 30 
respectively. Floral analysis may be found in 
Table 16.

Sand (Simpa Series)
Ti|is soil is a pale coloured sand over 2 ft*,
Ki:]thick. This lies over a variable thickness of 

quartz stones and gravel in a grey or brown, 
often mottled, sandy matrix which becomes more 
clayey with depth. The underlying rock consists 
of moderately weathered clayey, acidic Archaean
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gneiss or schist containing numerous quartz veins*
This soil readily absorbs water and may "become 

waterlogged in the lower horizons following pro­
longed heavy rainfall* Moisture is probably 
retained satisfactorily at depth during the dry 
seasons» but the sandy upper layers quickly beccme 
parched* The sandy upper layer accumulates very 
little organic matter and is almost barren of 
nutrients. The clayey lower layer is moderately 
leached but apjsars to satisfactorily retain 
amounts of mineral nutrients* The whole soil however# 
is conspicuously deficient in phosphorous*

Profile description, mechanical and chemical 
analysis may be found in Figure 5 and Table 21 
respectively. Floral analysis may be found in 
Table 17.

It may be seen from the above, that the black 
clay is very different in character from the 
latosol and sand as an animal habitat. The sand 
and latosol are, however, quite similar. They 
both dry out considerably during the dry season
in the upper layers but the latosol is more clay 
than the sand and retains water at lower levels 
better than the sand. Neither the latosol nor
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the sand show a proper crumb structure, though this 
can he formed in latosol under the elephant grass, 
Parmi HA-hum ratrpureum. (Martin 1944 and 1946),

It was decided to take samples in these three 
contrasted soils, occurring in the same area under 
the same climatic conditions, and under about the 
same vegetative cover* By taking samples in the dry 
and wet seasons it was hoped that the effects of the 
different soils on the arthropod distribution could 
be demonstrated.

Methods
Four samples were taken at random in each of 

the soils in January 1936 and May 1956, i.e., during 
the dry and wet seasons respectively. The cores were 
extracted and split in the usual way and the results 
appear in Table 12 and Graphs S5» 36 and 27.
The clay samples, however, received a slightly 
different treatment, by being placed in a refrigerator 
and frozen for 24 hours toefofe extraction of the 
animals was carried out. This treatment is 
necessary in clay soils in order to break down 
their structure*

110.
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Results
It may be seen from Table 12a and Graph 26a 

that the latosol supports the highest population, 
the clay the lowest, and the sand Intermediate In 
size between the two (2944, 1S81 and 2381 from all 
eight samples respectively). All the soils have a 
greater population in the wet than in the dry 
season (Graph 25a), This agrees with the findings 
during the year's sampling at Pokoase (p.19),

Comparison of the populations at the different 
depths,however# show that the animals are not at the 
same depths in all the soils* Graph 25b illustrates 
that in the dry season in the top 2W and 2“ - 6rt 
sections, the sand supports the greatest population 
and the clay the lowest# In the lower sections, 
however, (6" - 13" and 12" - 18") 9 the greatest 
population is in the latosol and the clay and sand 
®re about equal, the‘d a y  being perhaps slightly 
greater than the sand, in the wet season on the 
other hand, the position is slightly different* In 
the top 0", the latosol and sand are about equal, 
and in the 2" - 6" section the sand probably greatest 
and the clay the lowest# In the 6" - 12" and 
12" - 18tt sections th© latosol is the greatest 
and the clay the lowest.
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in the vertical distribution in the three soils. In 
the latosol, the maximum density is in the 6” - 12" 
section, although the density is quite high in the 
top 2% In the clay, the maximum density is in the 
top 2M. In the sand, however, It appears to he
somewhere in the top 6"» i.e., three samples show 
a maximum density in the 2” - 6W section and one in 
the top 2*V, hut the totals of all four cores show the 
maximum density in the top 2tt, because of the high 
number in that section in the first sample* In the 
wet season on the other hand, the maximum is quite 
definitely in the top 2n in all the soils. In the 
latosol and sand, therefore, there Is a move upwards 
of the maximum density in the wet season, which again 
is in keeping with the results obtained in the yearly 
sampling at Pokoase, The maximum density in the clay 
although in the top 2W in both sets of samples, shows 
a much larger maximum in the wet season compared to 
the other three sections, i.e., the ratios of the 
density of the top 2" and 2" - 6” are 1.2: 1 .in 
the dry season and 2.5 : 1 in the wet season.
It appears, therefore, that although there is no 
movement of the position of maximum density in
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the clay, there is a change in the density of animals 
.found, in the top 2W.

Statistical evidence supporting the above 
conclusions may he found in Table 26.

There are differences, therefore, between the 
numbers of arthropods in the three soils and in their 
vertical distribution during the dry season. Com­
parison of the different groups illustrate these 
differences still further.

Protura
This order was found in all three soils hut 

in very low numbers (latosol 2j clay 5; sand 1), 
and all were found in the wet season. (Table 12b ). 
It appears, therefore that protura cannot exist in 
dry conditions in any of the soils and that clay is 
possibly preferrable to sand, as the numbers, though 
low, do show a positive correlation to the clay 
content of soils*

Diplura
Again, very few specimens were collected., but 

in this, some were found during the dry season.
(Table 12c). It.is interesting to note that the 
numbers found correspond exactly to the Protura, 
i.e., latosol 2: clay 5: and sand 1. It is
possible, therefore, that the same arguments may
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be applied to this group as to the Protura. It 
must be emphasised, however, that because of the 
very low numbers found In both these orders, any 
suggestion about their distribution must be very 
tentative indeed*

Oollembola
The sand is the richest in Collembola, the 

clay poorest, i.e., sand 699; latosol 375 and 
clay 831 (Table ISd. Graph 26a) Rathar surprisingly 
there appears to be a reduction of population in 
the wet season in the latosol, though there is an 
increase in the other two soils as expected. 
Comparison of the densities at the different 
levels is Interesting, (Graph 26b). In the dry 
season the densities are roughly similar in all 
the soils in the top SM, but in the 2tf - 6” section 
the sand is by far the greatest, and the clay the 
lowest* In the 6” - 12M and 12w - 18'* section 
however, the latosol is greatest* In the 6" - 12" 
section, the clay and sand are roughly equal* but 
in the 32'* - 18w section the clay is greater than 
the sand. In the wet season, on the other hand, the 
sand shows the highest density in all sections of
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the core, and except for the bottom two sections 
where the latosol and Olay are roughly equal, the 
latosol le the lowest in density#

The vertical distribution of Collembola in the 
three aoils is not absolutely clear. In the latosol 
of the dry season, the maximum density is, apparently, 
somewhere between 6 and 18 inches, probably in the 
12" - 18M section, (Graph 86c), but in the wet 
season it is in the top 8W (although in one sample 
it is in the 2tt - 6* section). In the clay (Graph 26d) 
the maximum density is in the 6" - 12” section in the
dry season, whilst in the wet season it is in the
top 2n (although in one sample it is in the 2” - 6" 
section), The sand (Graph 26e) has a very clear 
distribution in the dry season, only one specimen 
being found in the top 8” of all the samples, and
the maximum density in the 2tt - 6rt section# In the
wet season there is a definite move upwards of the 
Gollembolan population to the top 2 %  but the 
maximum density is still in the 2W - 6W section.
The actual position is not absolutely clear, 
however, as two samples havs a maximum in the top 2H 
and two in the 2" - 6tt section.
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It appears, therefore, that there are differences 
in both the distribution and numbers of this order in 
the different soils. The richest population is in 
thesand and the poorest in the clay and the greatest 
density in both seasons at all depths is in the 
sand 2M - 6,r section* There is, however, an important 
high density at the lower levels in the latosol of 
the dry season* All the soils show the same upward 
movement of maximum density in the wet season*

Statistical evidence in support of the above 
conclusions may be found in Table 26.

Hemlptera
The numbers captured of this order are low,

(Table 12g), It seems certain, however, that the 
greatest numbers are in the latosol and the lowest 
in the sand (latosol 69j clay 36 and sand 17). 
this difference in numbers, however, is only 
during the dry season* In the wet season the 
total numbers are about equal from all soils*
The sand has roughly the same population in both 
seasons, but the latosol and clay have a very 
great drop in numbers in the wet season. Nothing 
can be concluded about their vertical distribution 
during the wet season as the numbers are too low
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In the dry season, however, It would seem that the 
maximum density is in the top 2W in the latosol 
and somewhere between 2 and 18 inches in the clay. 
The sand numbers were too low for analysis.

Chelonethi
Rather unexpectedly, no specimens were found 

of this order in either the latosol or the sand 
(Table 12m). They were found; however, in the 
clay in two out of the four samples in both the 
dry and wet seasons*

Palpigradl
No specimens were found in the clay and sand. 

Only one was found in the latosol and this was at 
its usual depth of 12” - 18" (Table 12n).

Aearina
By far the greatest number of mites were 

found in the latosol, i.e., latosol 2237; clay 986 
and sand 1507, (Graph 27a, Table 12o)» The totals 
in all soils rose in the wet season.

In the top 6M in the dry season the greatest 
density was in the sand, the latosol being only 
slightly greater than the clay (Graph 27b)•
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Below the top 6" the latosol had a greater density 
than the other two soils. In the wet season on the 
other hand, the greatest density at all depths was 
in the latosol. In the top 2" the clay had the 
lowest density* but in all other sections, it was 
higher, or equal to the sand.

Regarding the soils individually, It may he seen 
that in the latosol during the dry season, the 
maximum density was in the 6*' - 12H section, though 
there was a high density in the top 2'* (Graph 27c),
In the wet season, however, the maximum is quiteI
elearly In the top 2"* In the clay the maximum 
density is in the top 2M in both the wet and dry 
season, hut as in the case of the totals, there is 
a proportionately a much higher maximum density in 
the wet than the dry season (Graph 27d). This type 
of distribution is also found in the sand (Graph 27e).

Too few Orihatidae were collected to make any 
definite observations, It is interesting, however, 
to note that their distribution in the various soils 
was as follows, latosol Ij clay 22j sand 10,
Only five of all these specimens were found in 
the top 2W and it is thought, therefore, that the 
rest of the specimens were not litter feeding forms. 
This would agree with the observations that in this
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very dry area* litter Is practically non-existent.
If these Oribatidae are not litter forms, it would 
perhaps account for the low numbers collected as 
compared with the rather wetter area sampled at 
Pokoase which, although having a very small amount 
of litter, does have a little more than Bungua, 
i.e., the reduction in numbers is mainly because 
of the absence of litter-eating Oribatidae*

It may be concluded from the foregoing, 
therefore, that the greatest population of Acarina 
is to be found in the latosol, the smallest in the 
clay# There Is a movement upwards of the population 
in the wet season in all the soils. There are 
also differences in vertical distribution, the 
sand having the greatest density in the upper 
layers and the latosol being greatest in the lower 
layers during the dry season. The latosol, 
however, has the greatest density at all depths 
in the wet season*

Statistical evidence supporting these 
conclusions may be found in table 86*

Pauropoda
The numbers of this order collected are 

rather small for definite analysis, (Table 12p).
It would seem, however, that the population is 
possibly largest in the latosol, i*e., latosol 128;
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elay 74; sand 69* The population in all the , 
soils shows a decrease In the rainy season.

In the dry season, hone of the areashave the 
maximum density in the top 6”, the latosol toeing in 
the 6" - 12*' section, the clay in the 3" - 12" 
section and in the sand the 6" - 18" section*
The Pauropoda# therefore# seem possibly to toe at 
a rather higher level in the clay than in the 
other two soils. The position in the wet season# 
however, is slightly different. The maximum in 
the latosol is in the 12° - 18" section, in the 
clay# in the 0" - 6" sections, and in the sand 
in the top 2tt. There has, therefore, been a 
movement of population maximum upwards in the 
sand and clay# tout apparently downwards in the 
latosol*

As already pointed out, the figures are 
rather low to give definite conclusions, but it 
seems certain that the numbers are greater in 
the dry than the wet season, and that the maximum 
density is in the lower layers in the dry season 
in all soils but (with the exception of the 
latosol) moves to the upper layers in the wet 
season^
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gymphyla
It would seem that the latosol supports the 

highest population of this group, latosol 111; 
clay SI; sand 80, (Table 126). In the latosol 
and sand the population rises in the wet season.
The clay on the other hand does not appear to alter*

The position of the maximum density is roughly 
the same in all soils during the dry season, i.e., 
latosol 12" —  18'V day 6" - 12" and sand 2« - 18". 
No specimens were found in the top 2tt in any of 
the soils. In the wet season, however, quite a 
number of the specimens appeared in the top 6 %  * 
hut the majority of the population remained in
the lower layers in all the soils, i.e., latosol
maximum density 6” - 12% clay maximum density 
2" - 18'* and sand maximum density 2° - 12'*.

Unfortunately, the small numbers obtained do
not permit a more exact analysis. It seems
certain, however, that the population is 
definitely greater and moves to a higher level 
in the wet season in the latosol and sand.

Because of the small numbers captured little 
can be concluded about the following groups, 
Psocoptera (Table 12e), Thysanoptera (Table 12f)
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Lepldoptera (Table 12h)» Coleoptera (Table 121)# 
Mymaridae (Table-123)t Diptera (Table 12k), 
Araneida (Table 12 1)* Chllopoda (Table 12g.), 
and Diplopoda (Table 12r),
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Discussion
It can toe assumed that the vegetation is almost 

certainly not a factor influencing the arthropod 
population in these soils# as, although the species 
composition of the flora was different In the three 
soils# the percentage cover was practically the same* 
Also# to all intents and purposes, no litter was 
formed toy the vegetation. Dead fe aves in this area 
dry very quickly on the surface# break up and are 
bloom away by the strong prevailing W.S.W. winds 
(Beaufort Force average 2 - 3), The soils# there­
fore# are all sparsely covered toy grass# tinder which 
the soil is in an almost exposed condition. Unless 
the different species of grass (possible by their 
root systems) affect the arthropods, then it is 
thought that in this particular set of samples# 
any differences between the populations are the 
result of different properties of the soils.

It has been shown that quite definite 
differences occur both in the sizes of the 
populations and their vertical distributions.
There are# however, many similarities. In 
general there was an increase in numbers in the 
wet season in all groups in all soils. As already 
pointed this could be for many reasons, such as
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eggs which have been lying in the eoil during the 
dry season hatching out at the beginning of the 
rains, less mortality from desiccation, and in­
creased food supply at the microbiological level, 
Another general trend in all soils is the moving 
upwards of the position of the maximum density in 
the wet season, Again the reasons for this have 
been discussed (pp, 35, 36), i,e*, the food con­
centration of the upper layers not being available 
to the majority of animals during the dry season 
because of the danger of desiccation, but becoming 
available when this danger is not present during 
the rainy season. These two general trends agree 
with the results obtained from the yearly fluctuation 
samples already taken,

There are differences of these general trends, 
however, between the soils, and it is thought that 
these are the results of the different qualities 
found in the soils.

The clay supports by far the lowest population. 
Pore space is thought to be an Important factor.
It may be seen from tables 19, 20 and 21, that 
the clay soil has the highest silt/clay and, 
therefore, the pore space is the lowest of the
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three spile* Less 'living1* space is, therefore, 
available# A further result of the small pore 
space is that the soil will be poorly aerated. 
Haarl/rfv (1955) has shown from his studies of the 
humus layer, that very little of the pore space 
available is actually used by the meiofauna.
Elton (1933) however, has pointed out that the 
optimum density of animals in a habitat is not 
necessarily the maximum density* It is possible, 
therefore, that it is merely a matter of the 
space available whleh restricts the size of the 
population in the clay* Other factors, however, 
must be taken into consideration* A great deal 
of mechanical disturbance takes place in this 
soil during its contraction in the dry season 
and expansion during the wet season. Disturbance 
of the soil is generally held to be harmful to 
soil fauna and the reason for the small populations 
found in cultivated soil#

It may be pointed out, however, that the 
animals survive the severe buffetting in the 
Ladell’s apparatus with remarkably little damage, 
except to hairs and fragile protruberances. Many 
survive the treatment alive, and moreover, remain 
alive for a number of days after extraction* It
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would seem* therefore, that loss of fauna through 
cultivation is for two reasons* Firstly that drying 
out of the soil after disturbance would cause des­
iccation conditions* and secondly, that animals 
would be directly exposed to the open atmosphere 
by having the soil structure broken and, therefore, 
probably die from desiccation. In the case of the 
clay, however, it seems possible that animals may 
be damaged more severely by the grinding action, 
of the very find particles moving during expansion 
and contraction in very small pore spaceSi

If this is so, then the disturbance caused by 
the contraction and expansion in the clay could be 
a very important reason for the low population found. 
The water relations in the clay are, on the whole, 
rather favourable for animals#- During the dry 
season, the clay does not dry out in the upper 
layers as much as the other two soils# (Moisture 
content air-dry soils, Tables 19, 20 and 21).
During the wet season, most of the rain runs off 
the surface when once it is fully expanded and 
so the clay does not become waterlogged except 
during heavy and prolonged rain. Its colour, 
on the other hand, is a slight disadvantage, as, 
being black, reflection will not be as great and
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the surface soil temperatures, therefore, a little 
higher than, for instance, the sand# This difference 
will he so small, however, that it need not he taken 
into account* A further point of great significance, 
is that the organic content of the clay is higher 
than the latosol or the sand, and it may he assumed, 
therefore, that there is a higher food content*

As it does not appear to he food or water 
content of the soil which causes the low population 
in the clay, it is thought that small pore space, 
lack of aeration, end mechanical disturbance are 
the important factors influencing their arthropod 
distribution*

In the latosol and sand however,(because of 
the lower silt/clay content), pore space is very 
much higher and mechanical disturbance very much 
less* The latosol supports a higher population 
than the sand and it is, therefore, possible that 
food supply and water must be taken into account in 
explaining this difference. It is significant that 
during the dry season, the latosol maintains the 
majority of its population below 6°, whereas the 
sand supports most of its population above 6n* In 
both soils there is a huge increase in sise of 
population during the wet season in the top 2”.
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It is thought, therefore, that during the dry 
season, water ie available in the lower layers 
of the latosol, and because of this a high pop­
ulation can be maintained at the lower levels#TO
This view is supported by the fact that the latosol 
retains a much greater amount of water in the lower 
layers when air dried (Tables 19, 20 and 21)* The 
sand on the other hand, has no water at these lower 
levels and the soil arthropods are tinder water 
deficient conditions at all depths, Organic 
material in the sand is very localised in the upper 
layers* (Percentage Organic matter, Table SI). The 
animals are, therefore, concentrated in the top 2" 
as there is probably insufficient food in the lower 
layers. It seems possible, therefore, that the 
species existing in the sand are desiccation resistant 
and are able to live in this food bearing, but dry, 
layer. In the latosol on the other hand, more food 
is available in the lower levels, (Percentage 
Organic matter Table 19). The soil arthropods, 
therefore, need not heeessarily be species which are 
resistant to desiccation as there is also water at 
the lower levels. For these reasons the latosol 
is able to support a larger population at lower 
levels than the sand. This "reservoir" of animals
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in the lower levels of the latosol possibly forms 
a foundation for the higlier populations of the wet 
season in the upper layers*

Sand appears to be the most favourable soil for 
the Collembola. In fact the numbers show a positive 
correlation with the sand content of the three soils. 
Pore space, therefore, is possibly a factor influenfltag 
their distribution. In none of the soils are 
CcSlembola found in great numbers in the top 2*' 
during the dry season and it is thought, therefore, 
that the dryness of this upper layer is the operative 
factor, especially when it is noted that there is a 
great increase of population in all the soils in the 
top 2*' during the rainy season. It is perhaps 
significant that in the wet season, although there 
is an increase in population in the top 2" the 
maximum density remains in the 2rt - 6H section of 
the sand, whilst in the clay and latosol, the 
maximum is in the top 2", It would seem, therefore, 
that even in the wet season, because of the greater 
drainage and drying out of the larger pore space,
(see p*71), the amount of water is still insufficient 
in the top 2" of the sand for the majority of the 
Collembola.

During the dry season, the maximum density is
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at a lower level in the latosol than in the sand. It 
is possible, therefore, that the same remarks may be 
applied to this group aB to the totals* In the latosol, 
more organic material and water are found at the lower 
layers than in the sand* Species living in the latosol 
are, therefore, able to avoid the dryness of the tipper 
layers* In the sand, however, where the organic 
material is more concentrated in the upper layers, and 
dry conditions exist at all depths, the population 
tends to concentrate in a higher position, possibly 
through the presence of desiccation-resistant species.
It is significant that the population is higher in 
the latosol than in the sand during the dry season,- 
No explanation can be put forward for the decrease of 
population in the latosol during the wet season, as.it 
is contrary to all the results obtained*

It appears, therefore, that the primary factors 
in the distribution of this order are water, pore 
space and food, each of which assumes primary imp­
ortance in different circumstances.

It is perhaps worthy of note, that Chelonethi 
are absent from the sand and latosol. It is rather 
unexpected in the case of the latosol, as a moderately 
high population was found in the similar soil of 
pokoase, (Distribution throughout the year).

University of Ghana                              http://ugspace.ug.edu.gh



Vegetation should not be a factor In the 
distribution of this carnivorous animal. Low 
water content of the soil is possibly the cause 
of their absence, as they were present in the clay 
(which does not dry out so much), and also the 
rainfall is lower at Hungua than at Pokoase,
Pood supply is not significant^ as the clay in 
which these carnivorous arthropods are present 
has the lowest population of the other arthropods. 
Only one Palpigradl was found in the latosol 
and none in the other two soils. Many reasons 
cotild be put forward to explain, firstly, their 
paucity of numbers, and secondly, their apparent 
absence from the clay and the sand, but it is felt 
that the presence of just one specimen does not 
warrant speculation.*

The latosol has by far the richest population 
of Aearina. Following the general trend, there is 
an increase of population in all the soils during 
the wet season.

As in the case of the Collembola, there is a 
very much lower population in the top 6“ of the 
latosol than in the sand during the dry season.
On the other hand, the population in the sand is
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very much smaller than in the latosol below 6%
The Acarina In the latosol are, therefore, greater 
in numbers, "but at a lower level than in the sand 
during the dry season. In the wet season, on the 
other hand, the latosol pojmlation was higher at all 
levels, the sand and clay being about the same below 
6", as in the dry season.

Possibly, therefore, the arguments put forward 
to explain the distribution of the Collembola, also 
apply to this group of arthropods. The only difference 
between the two groups is that the Acarina of the latosd. 
increased in numbers in the wet season* whereas the 
Collembola unaccountably reduced during the same 
period.

The latosol appears to be the best soil for the 
Pauropoda. Sand and clay, though showing
slightly different vertical distributions, seem, 
to support about the same size of population. It 
would be expected that the Pauropoda, if fungus 
eating (Starling 1944), mould increase in numbers 
during the wet season as more fungus should be 
growing under wet conditions than dry. It appe ars, 
however, that there is almost certainly a reduction 
of numbers in wetter conditions in all sdls. It is
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that the Symphyla are seeking the mods ter and cooler 
lower regions during the dry season hut able to move 
higher in the wet season. This may be in response to 
the purely physical conditions of water content or 
temperature, but could also be in response to their 
main food supply of fungi and bacteria, which would 
also be more prevalent in moist conditions.

In general it would seem that the latosol is, 
on the whole, a better soil for meiofauna than the 
two extreme soils, sand and clay. This is because 
of many factors. The latosol is well-drained, but 
retains water in the lower layers during the dry 
season. This second factor is thought to be of 
great importance, as it allows a high population to 
remain in the soil during the long dry period en­
countered in this area. There is also a reasonable 
distribution of organic material at lower levels.
The sand, on the other hand, although free-draining, 
does not retain water at the lower depths as much as 
the latosol, and so arthropods living in this soil 
cannot retain as high a population during the dry 
season, Another disadvantage of the sand is its 
low organic content concentrated in the upper layers. 
The clay, however, seems to be the least suitable 
soil as an arthropod habitat, and it is thought that
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this is mainly because of it© low pore space, bad 
aeration and the great amount of mechanical dis­
turbance taking place.

It has been Shown, therefore, that these three 
contrasting soils display different distributions of 
arthropod population, in response to their pedological 
characters. Whether species differences will be found 
is not yet known, but from the results of the general 
distribution of the various groups, it would seem that 
this is almost certain.
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GENERAL DISCUSSION

Although this work falls naturally into 
separate sections each dealing with the meiofaunal 
distribution in different habitats, certain common 
factors appear throughout.

Water is of great importance in all habitats, 
but in a dry region it constitutes .a significant 
limiting factor. The Accra Plains are no exception 
in this respect, as water has been shown in this 
study to be a constantly recurring factor limiting 
not only the size of the soil population, but 
influencing its vertical distribution.

Results reveal that the size of the population 
can be Correlated directly with rainfall,- This is 
particularly evident in the data assembled from the 
seasonal distribution samples, where a direct 
correlation with the rainfall of the previous month 
is apparent. The results of the artificial rainfall 
experiment indicate that the vertical distribution 
of the fauna could probably be related to the rainfall 
of the same month. Although two inches of rain was 
not sufficient to effect a difference in vertical 
distribution, seven inches caused a marked change.
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Direct correlation between size of population 
and rainfall was also observed in different kinds 
of soil* It would seem, therefore, that the 
quantity of water in the soil is a factor limiting 
the size of the population in at least three of the 
different soils of the Aecra Plains,

Too much water on the other hand, caused a 
reduction in the population. It is feasible to 
assume that the reason for this is that the water 
occupies almost all the available pore space in 
the soil leaving very little living space for 
soil animals* -

Shade has an important effect on the meiofauna. 
it must be appreciated, however, that two physical 
factors are affected by shade, temperature and 
water content of the soil. Both these factors are 
known to excercise an effect on the distribution 
of soil arthropods* It has been shown in the 
present investigation, that whichever is the 
operative factor, exposure of the soil reduces 
the arthropod population. Vertical distribution 
was also altered, with the exception of Acarina 
the animals in general, being found at a higher 
le\«L in the shaded soil than in the exposed soil.
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It is possible that shade may fee a significant 
factor in the experiments involving artificial 
rainfall* and the effects of cultivation experiment* 
In the ease of the former experiment, the vegefetion 
of the watered plot was thicker and the soil below, 
therefore, more shaded, and the animals generally 
occurred at a higher level in the soil* In the 
latter experiment, the population was smaller in 
the rather exposed cultivated plots, than in the 
adjacent undisturbed grassland* Further, the fauna 
In general was situated at a lower level in the 
exposed ground.

Disturbance of the soil causes a reduction in 
its population of meiofauna. Again two physical 
factors are involved, being in this case water 
content and mechanical movement of the soil, Soils 
dry out to a marked degree when disturbed and the 
lower populations following disturbance could well 
be due to lowering the amount of available water. 
Animals actually exposed on the surface of the 
soil during cultivation would undoubtedly die under 
tropical conditions from desiccation and too high 
temperatures. It is thought unlikely that an 
appreciable proportion of the meiofauna would be
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killed by direct mechanical damage to the body in 
view of the fact that although hairs and small 
protruberances may be knocked off the body* animals 
survive, apart from an occasional individual# the 
extreme buffetting during extraction by Ladell’s 
method with remarkably little damage.

Cultivation of the land also leads to an 
impoverishment of the soil and this remains 
apparent after removal of the crop. In the present 
studies, the arthropod population stayed small 
after harvest, even when the whole of the cultivated 
area was completely covered by grass.

Contrasted types of soil have been shown to 
have not only different vertical distributions, but 
different sai2es of meiofaunal population# It is 
believed that this is attributable to differences 
in both the physical and chemical conditions of 
the soils. Water, clay, sand and organic content 
are all important factors. It has already been 
shown that water content is important, but when 
comparing the fauna of different soils, the water 
holding ability of the soil, was seen to be a 
considerable factor influencing the size and 
distribution of the population, especially during 
the dry season. Clay content, besides affecting
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the pore space of the soil# m y toe Important on 
account of its expansion and contraction in wet end 
dry season®, possibly resulting in purely mechanical 
damage to the fauns, sand content is important, in 
that the higher it® proportion in relation to other 
soil constituents, the larger the pore space end the 
quicker the soil dries out* A high ©end content also 
result® in quicker drainage m &  less retention of water# 

Organic content is an operative fector, providing 
that other conditions are satisfactorily fulfilled* as 
although clay had the highest organic content, it had 
the smallest population, !•©., drainage, pore space, 
and mechanical disturbance were thought to toe the 
operative factors in this soil.

Individual groups of animals show characteristic 
distributions, Aearina and Collembola, as in 
other parts of the world, were toy far the greatest 
in numbers. Biomass figures were not calculated.
These, however, could be estimated since the range 
and slse was stellar to that found by Salt,
Rollick, Baw and Brian (1948), In the resent 
work, the ssme type of population, that is, small 
arthropods, has been compared under different
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conditions. Biomass figures would not, therefore, 
affect conclusions drawn.

The greatest density of Aearina and Collembola 
occurred generally in the top 2" of soil, and the 
lowest density in the 12" - 18M section. This 
normal type of distribution of these two groups, 
altered when the top 3W was dry and exposed, tinder 
such conditions the density in the top 2" became 
greatly reduced, sometimes even below the density 
occurring in the 2" - 6" or even the 6" - 12" 
layers. This latter type of distribution was 
encountered in the dry season, for example, in 
the seasonal distribution experiment, the dry 
area In the watering experiment, the unshaded 
area in the shade experiment and in the dry season 
in the contrasted soils experiment. In all these 
cases, however, the Aearina were not nearly so 
greatly affected as the Collembola, It would 
seem from these results that the Aearina are more 
able to maintain populations under dry conditions 
than the Collembola, Aearina populaticms were 
also less affected by waterlogging than Collembola, 
as shown In the cultivation experiment. This may 
be due to the fact that Aearina are generally 
smaller in size than Collembola and that they
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are* in consequence, able to live in more restricted 
spaces when water becomes an active competitor for 
pore space.

It would appear that there is a direct 
correlation between size of Collembola populations 
and sandiness of the soil. This may be due to a 
variety of reasons, such as, larger pore space, 
better aeration, and better drainage.

Symphyla frequently occurred in all the 
habitats included in this investigation. They 
followed the general pattern of distribution 
observed by other workers on meiofauna, in having 
their maximum density below the surface layers.
It was also found in the present studies that the 
maximum density of this group occurred at a greater 
depth when the upper layers were hot and dry, as 
exemplified for instance, in the case of the seasonal 
distribution experiment* Soil differences also 
had an effect on the Synrphyla population. Latosol 
was the most beneficial, and clay the least, while 
sand proved intermediate. This phenomenon again agrees 
with that found by workers elsewhere, that is,
Symphyla prefer a soil with a good open structure 
and a high organic content.
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Many other interesting features come to light 
in the present studies. Populations of the meiofauna 
are generally smaller* at least on the Accra plains* 
than in Europe. It must be appreciated, however, 
that the soil samples in this present investigation 
were taken in a semi-arid area and on land in a rather 
poor state of fertility and with a poor vegetative 
cover. As a habitat for any animal it could never be 
considered good. It is not surprising, in the 
circumstances, that the soil fauna was represented 
by small populations*

An interesting aspect was revealed in the course 
of carrying out the shade experiment. There seems to 
be little doubt that there is a correlation between the 
soil fauna and nitrate level but it is felt, at this 
stage, that it requires further Investigation for two 
reasons. First, nitrogenous excretion forms a readily 
available source of nitrate. Cuticles, though not so 
readily available, are also a source of nitrate. 
Secondly, populations of soil meiofauna may be used as 
an indication of bacterial population, on the basis that 
conditions which are good for one living organism are 
also good for others. Bacteria are concerned in some 
manner or another in practically all the food chains 
of soil animals.

Most of the conclusions reached in this work are
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rather general and tentative as only the main groups 
of animals have been investigated. More specific work 
will he carried out later when all the various animals 
collected, and no# deposited in the appropriate sections 
of the British Museum of Natural History, London, have 
been identified* Although much has been discovered in 
this relatively unknown field the results hitherto 
obtained must be regarded as a basis for further 
research on more specific lines with a view to 
solving the multitudinous problems still awaiting 
elucidation*
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