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A review of literature has been made. Five oribatide, namely Q.bitilts, 
.gjbba, Q.calçarata, P,piger and Otia app. and five mesostigmatids namely 
. neaiorensi a, Q.inirnus,. ostrinus, J.obustue and i. calpaz'att4s were 

selected for Bush study, Investigations on their distribution; and micro -
climatic measurements in the soil profile (3 ems) as well as in the air 
profile (3 levels) every 3 hours for 24 hours, were carried out weekly for 
a whole year. Statistical analysis was done by the Sirius computer. There 
was a significant difference in the gradient of soil Lioisture and tempera.-
ture. Times of maximum soil and air temperature, relative humidity of the 
air and wind speed were estimated. Populations of mites were shown to be 
aggregated and therefore all data were transformed into log (x + 1). There 
was a vertical migration of mites In winter due to very low temperature and 
frost; and summer drought forced the mesostigmatida only to migrate down.- 
wards. Differences in mean depth of mites were noticed. The gradient of 
mites was highest in Autumn and lowest in Summer; and peaks and troughs in 
this gradient followed roughly the soil moisture gradient. There was an 
autumnal peak in the znesostigrntid curves, their numbers declined in winter, 
and they were lowest In suatner, The peak of oribatid population, occurred 
in spring. There was a close agreement between the effects of soil, factors, 
on the mean depth of mites. All species were influenced by the average dry 
weight, seeking the surface only In compact samples and penetrating deeper 
In samples with loose structure. All species except Vigata nemorensle 
and iiolopapasj.tu calparatus agreed in the significant negative partial 
regression coefficient of mean depth on average dry weight. This was also 
the case with average soil teiiperatiire but it was only significant in 
Oribatellagal2arata and Clodiscus 4tus. The possibility of the activity 
of mites in the soil profile during the winter wncu vertical migration takes 
place, was discussed In relation to the low soil temperature probably 
Inducing the migration of the mites to the lower layers whore they tend to 
rest. Diurnal variation In microolimate did not influence the vertical 
distribution of mites. Further studies were based on samples collected 
from the rich Rannoch Black 'dood forest to give more adequate numbers, than 
Bush samples. A considerable improvement In numbers of mites was noticed 
after developing the extractor. A set of sixti.en samples at three depths 
was taken weekly for seven weeks from Rannoch and treated in the Improved 
extractor. This revealed that variation in mean depth of mites can be 
attributed to compactness of the core and distribution of pore space (to 
some extent). In order to observe separately the effects of the components 
of evaporation on vertical movement of mites, a sall windtunnel was con-
structed with a 3" square working section. Diurnal rhythms of vertical 
movement were Ignored since they were not evident in Bush 'ork. The samples 
(6.3 ama diameter and 11,3 ems in length) were collected weekly and treated 
in the wlndtunnel at 25°C, 200C, 15°C, 100C under dry and nearly saturated 
conditions for 4 and 8 hours under constant wind velocity of 18 miles per 
hour. Small cores were out from them and mites extracted. $Ix Oribatide; 
i.e. .eltIfer, .biilis, .velatue, 2.ornatp, Q.neerlandic and .Ier; 
and six iesostiwnatide; i.e. .lapQnIcua, V.nqmgrcnsip, ,.zelaw1ensis, 
.radIatue, I.minutus and ,ç.inImus were tested. Results of tne analysts 

of variance between the effects of the different components of evaporation 

Use other side if necessary. 



on vertical movement of mites, showed that both temperature and saturation 
deficit had a very marked effect especially saturation deficit. Diffe-
rences between the effects of periods of treatments were significant only 
at the 5 and lo level for the ..ajority of species. The effects of tempe-
rature and saturation deficit were not entirely independent; I.e. dry air 
together with high temperature forced the mites to migrate to the lower 
layers, Iowever, in the case of Poradintust  the interaction effect of 
temperature and saturation deficit was not significant which could be due 
to the independent effect of each factor. It was concluded that the depth 
of free water could be a limiting factor in the vertical movement of mites. 
In most cases of te 200C treatment and the 250C treatment under dry 
conditions, the depth of free water could have forced the mites to migrate 
deeper before any drop in relative humidity occurred. In the 2000  and 2500 
treatments under near saturation, the top layer still had an adequate 
supply of free water and the mites were not forced to migrate to the lower 
layers. It was assumed that the mites have an instinct to move downWards 
under the stress of .oistue loss and that gravity not the temper3ture Is 
the effective stimulus and perhaps the mites do not perceive the tempera-
ture gradient until they move about actively and that they are first stIu-
lated to activity by the drying. 
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This thesis has been prepared in accordance with 

regulations prescribed for the degree of Ph.D. by the 

University of Edinburgh and constitutes a report of 

research undertaken within the Department of Forestry 

and Natural Resources of the University between October 

1961 and July 1964 into the effects of raicroclirnatic 

conditions on species of mites occurring in pine litter. 

Part Ono nonsiste of a review of our present know-

ledge of the seasonal effects on .soil iaicroarthropodc; 

the influence of ee physical characteristics of envi-

ronment on them; and the mobility and periodicity in soil 

microarthropod activity. 

Part Two deals with the aim of the study. Methods 

of experimental work undertaken are described; and in 

Part Three an interpretation of the results is discussed. 

In presenting this thesis, acknowledgement is due to all 

those who have contributed towards its completion:- 

Professor J. N. Black, Professor of Forestry and 

Natural Resources and both my supervisors: Dr. C. Taylor 

for continuous encouragement and Dr. D. R. Gifford for 
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Howell, Issistant statistician of the research branch of 

the Forestry Coision for his appreciated help and 

valuable advice in statisLicl analysis; members of the 

staff of the Forestry and Natural Resources Department an 

Dr. . Guild of the choo1 of agriculture for useful 

discussions;/ 



discussions; Dr. . Macdonald and the technical staff of 

the Chemistry Department at BIh Estate for providing 

facilities required throughout the work; Mr. Co Crawford 

Mr. ji. G. Grandison and far, A. Harrower of the technical 

staff of the Department of Forestry and Natural Resource 

for advice on technical matters and for undertaking the 

photography. 

I should like to thank the Forestry Cnission for 

using the Alice Ltolt Computer and for contributing 

towards the expenses needed for this investigation; the 

Ministry of Agriculture of Egypt for offering me the 

chance to do tiile work; the Meteorological Office and 

the D,U.LR. for loan of instruments. 

Finally, the writer wishes to express his apprecia-

tion of the constant help, interest and encouragement he 

has had from his wife. 

E. Atalla. 

Edinburgh, 

July, 1964. 
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Chapter  

Jork on seasonal effepta an 

A study of the early literature on soil animals 

showed that xntcroarttiropoda were not considered at all 

in early work on the soil fauna, and it was not until 

experimental methods improved considerably, using 

er1ese's (1905) and Tuligren's (1917) techniques for 

faunistlo and ecological studies, that the importance of 
these animals was generally realised. 

Seasonal effects on soil microartbropods have been 

of interest to many coil biologists, and information on 

seasonal variation in numbers is widespread in the 1ito 
rature, 

Thompson (1924) studied the soil fauna of grassland 

and arable land at Aberystwyth, and found that the quali 

tative and quantitative variations at different seasons 

were correlated with the general environmal conditions 

She found that the Aoarjna and Coljermbola were the domi-

nant groups and that the maximum population occurred 

during the winter months and it was suggested that this 

was due to the relative abeenee of drought conditions. 

Ford (1935, 1937, 1938) during his Study on the soil 

auna in a meadow near Oxford, described the Seasonal 

hangea in population and tried umuccessfully to relate 

them to the physical factors. He observed that the winter 

rontbd/ 
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nonths showed a rising poju1ation to Jeceaber and a fa1l 

ing one from January to May, and that this was due In 

the main to large changes in the numbers of Collembola. 

Frenzel (1936) pointed out that a peak period in 

the number of his animals occurred during October and 

another In early spring, while minimal populations were 

In mid-winter and mid-summer. 

The Investigation of Glasgow (1939) was concentrated 

on four species of Collembola in grassland at slough. 

His results showed that the population of Onrahiurue 

azznatus and Q,  aibulana had distinct maxima In winter, 

and  all species were at a minimum in April of one year. 

This minimum was related by Glasgow to exceptionally cold 

climatic conditions. Vertical distribution was shown to 

be subject to seasonal changes In Glasgow's (1989) obserH 

vations; Q. aabulans was plentiful near the surface in 

spring and autu, whilst In 8unaier and winter, it was 

more abundant deeper down. The work of Glasgow Is the 

most accurate of the pre-war Studies, both in intensive-

ness sampling and efficiency of extraction. 

Franz (1941) found a large decrease of the total Soil 

fauna of grassland soils of the Styrian Enne valley durIn 
the severe winter 1939-1940, and a continuous increase 

during the following sunimer and autumn, which was also not 

noticeably Interrupted by the mild winter of 1940-1. At 

be beginning of the year 19419  however, a marked decreasej 
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was shown. 

A Comparative survey of the fauna of awedish forest 

soils were made by Forselund (194). This was a large 

and very thorough enumeration of total arthropods for 

forest sites, and provided not only information on their 

vertical distribution, but also faunistic variations 

between one forest and another. Detailed observations 

of climate, soil, and vegetation for each of the sample 

sites were made. Each sample was divided into litter, 

fermentation and bwmis layers, and each sub-sample was 

extracted separately. He differentiated between Yacqinlum 

sites and those of Ivotteris, characterizing the fauna 

of the first a$ nhez'manni nana 18002M 'i'ic - _____ 
neer]ardjca Union, and that of Dz'irotter'is as an Ieoto 

___ - Opia ricer'),andia - Ceratozetea tbjenenannia Union. 

Riha (1951) working on a Calcareous Brown Earth and 

a Rendzina of some forest soils in Austria, found that 

the Calcareous Brown Loam was considerably poorer in 

individuals than the Rendzina, the total figures were in 

:tages 

he ratio of 1:2.6. The Oribatldae and their juvenile 

were generally more numerous than all other Aoarjn 

together. The "F" layer' of the Calcareous Brown Loam and 

the "HII  layer' of the Rendzina were the most densely popu-

.ated. Both in the Rendzina and in the Calcareous Brown 

the number of oribatida xeahed two peaks in the 

ourse of the year; i.eo spring and autumn with two low 

oints/ 
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ointo in :inter and su..er. 	he Ii layer in the 1endzin1 

and the F layer In the Calcareous Brown Loam, formed the 

refuge from ewnmer drought and winter cold. 

Maotadyen (1952) conducted a quantitative co.partson 

of the 6011 xnicroarthropode of a Berkshire fen in which 

he Investigated the influence of flowering plants on the 

distribution, besides studying aggregation in vertical 

and horizontal planes In each of the three vegetation 

types present 'these were charaotrized by Mounts 

aeru1a, Deach2wDsia ga-vap1topq and Juncue eubnodulosua, 

showed that the macroscopic vegetation had a great 

influence on the density of the fauna, but little effect 

on its species composition. The majority of his species 

showed no greater variation between adjacent samples, 

than between Samples from distant parts of the fen, 

Indicating a very uniform distribution within each plant 

type. He also noticed that the fauna was largely confine 

to the upper 5 era, of the soil, but In winter some specie 

penetrated farther into the soil. Marked but regular 

seasonal differences in population size were shown by moo 

of his species; these involved an August minim=and a 

February maximum; there were also lesser maxima for some 

species In December or kay. There was relatively little 
variation in the species Composition through the year. 

Birch and Clark (195) found that the relative 

amounts of plant litter vary with depth and less decompose 

.itter tends to be near the surface. They also noticed 

hat/ 
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that some secies of the fauna were abundant in saiior, 

while others reached their maximum in winter. 

They attributed the tremendous diversity of species 

of the soil fauna to the diversity of the different sort4 

of spaces In the soil, some of which are air spaces and 

others water films of different sizes; to the heteroge- 

nity of the solid constituents of the soil and to the 	I 

diurnal and seasonal changes in temperature and moisture 

in the soil. 

The quantitative composition of the Acarina and 

Collembolan community of some uncultivated land near 

Glasgow was described by Sheals (157), and the nature of 

the vertical, horizontal and seasonal distribution of t 

major groups and species were examined statistically. 

He found that, in most oases, the population density In 

the 03 inch layer, was significantly greater than that 

in the 3-9 inch stratum. He also noticed that the 

animals were not distributed horizontally at random, for 

significant differences were noted between the populatIon 

of four plots within the area. The highest populations 

of Collembola were recorded in October and December, thei' 

'numbers were much less in April and a lower population 

was noticed in June. Large numbers of Orate1 occurred 

In October and February, while the lowest population was 

observed in December, Sheals (1957) also revealed unex-

pected populations of Acarina, Including some meaostIgmat 



In the all - 9" level of his soils. 

Poole (19570  1959) carried out an ecological study 

i of the Collembola in a coniferous forest soil in a 

Douglas fir plantation in North Jales. Samples of the 

collembolan population were taken at fortnightly intervals 

over a period of twelve months. i'heae showed that the 

common species had a •8uinner maximum and that the Species 

composition differed at the end of sampling from that at 

the same ti-me of the previous year. 

Wa11worjc(1gg) investigated the distribution and 

Population dynamics of oribatj.d mites and Collembola in 

. itter, humus and mineral layers of a hemlock, yellow 

birch moz'. He found the greeter part of the fauna in the 

op 7-10 cm of the profile, a region which was made up of 11  

wo distinct layers; litter and humus. During the summer, 

he number of mites was approximately four times as great 

s that of Collembola and at this time, slightly more 

than 5Q of the mite population occurred in the litter. 

A decrease in mite numbers in the litter occurred in 
Inter, but the humus population was more than double 

hat In the summer* He also observed that, in litter, the 

3argest population of adults occurred in Summer, while the 

ieak for juveniles was In winter. In humus, the popula—

tkon of adults continued to rice Slowly through sunmer 

late winter, when there was a sharp decrease. In til

tiIs layer, there was a marked increase both In juvenile 

m.tes/ 
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mites and in Collembola In the winter. 

Two peaks in the curve of abundance of oribatid 

mites were noticed by Gasdort (1960), one occurred In the 

spring and the other In the autumn. 

Haarl4v (1960) made an ecological review of micro-

'arthropods from some soils near Copenhagen. He also 

studied the phenology of a number of species of Qrtbat gj 

in which the early stages were free living; e.g. 1atynp. 

tflru pe1tjf, Aghiptgrja oolepttrata, ghga2batee jsisu 

two species of Tectopeheus and Fasa1ozeee perfopat,is, 

He considered that the fauna reproduced whenever condItI 

one were suitable, and, not on a time basis, although 

winter conditions appeared to provide the best opportunity. 

Malls (1961) presented seasonal changes In numbers 

of his mites in which he observed an autumnal peak. 

Hayes' (1962) counts of his Phtbiraoarid mites showe 

that the numbers remained at a fairly constant level 

throughout the year. 

Milne (1962) studied the phenology of a natural 

population of soil Collembola In moorland near Mllngavie, 

Dunbartonshire. He took a series of samples from the 

humus and true soil layers under cover of bracken over a 

period of two years. He noticed that maximum populations 

of Collembola occurred in winter and early Bummer, al-

though the growth of populations varied from species to 

Species. 

'11/ 
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in 	e i v€s 	tie of Gifford (lc62) on te effect 

of tree planting on some nesofauna of a moorland soil in 

cotland, disturbance of the relationship between season-

change and the fluctuations of population level of 

I&T—OLrious mite Species was observed. His observations uriade 

three closely related species of Vei.gaia, were of con-

iderable interest in this context. The effect of clima-

tic conditions on their distribution and abundance, al-

though uniformly significant, was very differently affec-

ted by the development of interaction between climate and 

the tree crop. lie suggested that no straightforward 

relationship could be discerned between the optimum depth 

kind the likelihood of disturbance  by this interaction. 

was most significant intlie species (V. 	penejc) 

vhioh had the least optimum depth, but it was more signl- 

icant in the species (tranciaalae) with the greatest 

bptimum depth than in cervus, which was not affected. 

ifford (1962) also suggested that the lack of observed 

ertica1 migration of his mites related to seasonal change 

bservod by other workers elsewhere, could be due to two 

factors: In the Lolinietum, the fauna tended to be hemi-

edaphic. Combined with the fine, greasy structure of the 

taw humus, such a situation would tend to make vertical 

movement important only in the litter, while his analysis 

Of vertical movement was confined to the raw humus, In 

he spruce plantation, conditions might have been suffici- 

f
ntlY/ 
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1iapte 2. 

Some 	 pbaraterj.t,jo of envjronwen 	d 

their influence on soil microarthxsogds. 

a) QUmatjc effects:- 

he Terrestrial Aflnals and Mtprop1iaat.. 

The microclimate is an effective habitat factor for 

stationary plants. 

For animals also, the microclimate is very importan. 

Although they have in general, the ability to change 

their habitat, which plants lack, they are nevertheless 

subject to the influences of the 1ioroclixnate to a large 

I extent. 

Among recent work on terrestrial animals, that of 

Todd (1949) and rgaard (1934,4e,51,152) is outstanding. 

In both cases, laboratory work on preferenda and toloranoc 

ranges is combined with field work in which the habits i 

and distribution of the speoles are related to features 

of the physical eiwironment, Todd found that, among the 

six common species 6f harvestmen living in and around 

Vlytham woods (l3erkshire), there is a close correspondence 

between the humidity preferenda as measured in the labora 

tory, and the relative humidity measured In their corres-

ponding habitats in the field. The different species are 

active at different heights above ground, and the measure 

ments were made in these places at night when the animals 

were out. These results are BurnrrrIzed In the following 

table:/ 



table: 

Relative humidity as meesured 

In Fielc preferendum in LghLo  

50-60 	46.8-54.8 

51.5 61.3 

Plant layr 

Oligolophue Branches 
hanseni 

011 gol ophus 
agrestis 

Leioburrnm. Tree trunk 
	

60 - 75 	60.7 - 68.9 
rotundum 

Let obunum 
blackwalU 

Oligolophus Field layer 
tn dens 

1emaatcma Ground " 
lugubre 

64.9 - 75.1 

70 - 80 	63.5 - 72.1 

85 - 100 	69.4 - 78.8 

Nrgaard has studied the relationship between micro-

climates of the normal habitats of spiders, their tempera-

ture and humidity preferenda as measured in the labora-

tory, and their tolerance ranges. One of his most con-

vincing papers applies to the two Lycosid spiders which 

commonly occur in Sphagnum bogs in Jutland. The Spbagnum 

emerges from the water with long narrow stalks which bear 

bushy heads some 10 cm above the water surface. This 

produces two horizontal surfaces, that of the water and 

that of the Sphagnum beads, rather like a miniature 

forest swamp. Although the two species of Lycosid usually 

occur together in a single bog, they can rarely meet 

because the one, L.vcopa pullata, lives on the upper sur- 

face/ 
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surface of the Sphagnum heads, the other, I-"ira&a Pirati-

, on the water among the Sphagnum sterna. In the 

latter zone, conditions are much darn'per and colder, and 

. r4z'aticue has a temperature preferendum around 20 - 

220C and prefers high humidities near saturation. L. 

rul1ata, on the other hand, prefers temperatures around 

30°C and considerably drier conditions. Correspondingly, 

heat stupor occurs at 35°C and 4300 in the two species 

respectively. 

Furthermore, when the female of 	aticus is 

carrying the egg cocoon, which apparently cannot develop 

at the low temperatures near the water surface, she under-

goes a change of behaviour, climbs the Sphagnum ete;s and 

thrusts her abdomen through into the warmer region above. 

One result of this is that, when one approaches such a 

bog cautiously, one notices many white cocoons at the 

surface in numbers Sufficient to have a very noticeable 

effect. If, however, one stumbles or stamps a foot, the 

entire appearance of the bog changes as thousands of 

white egg cocoons of P. 12irati-2us are withdrawn into the 

safety of the animal's normal habitat. During this In-

cubation period, the temperature preferendum changes from 11 
20-22°0 to 26-30CC, 

A Study of Schaller (1951) on Collembola, Involves 

a similar combination of microclimate, preferendum and 

field work; it describes the effects of vegetation thick-

ness,' 
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thickness on the microclinate of the surface soil and 

relates this to the laboratory behaviour of the different 

Collembolan species. 

A rather more zoogeographical slant, is provided b 

the work of Tlschler (1952), who related the fauna of 

bed sites in Kiel to the microclinste, and was able 

to show that the constituent species belonged to Southern: 

German faunae, corresponding with the much milder micro-

climate in the bombed sites. 

Review of sane microclimate work of biological tntercst 

1* 4ffot of windbreaks: 

Results of microclimatic investigations on the mete-

orological scale are fairly well known. On a smaller 

scale, however, a considerable amount of work of bio1ogii 

cal interest has been done in connection with 'windbreaks 

in the United States, Russia and Northern Europe (hslyng, 

1958, Cadman, 1963, Geiger, 1951, Van der Linde, 1951, 

Marquardt, 1950, Windt, 1931). This work has practical 

implications for the yields of agricultural crops in 

'particular. 

A very detailed study of the microclimate, including 

both air and soil measurements in different directions 

and distances from a wind-break, has been made by Aelyng 

(1958). He showed that a slightly Increased risk of late 

frosts in the sheltered region Is usually balanced by the 

higher/ 
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higher humidity which reduces the actual damage to plants. 

No differences in soil moisture were detected but poten-

tial evpotraxispiration was reduced, 

2. Soil and air teieratur'ee: 

The climate of the air near the ground, depends on 

two sets of factors; those which result from the mere 

presence of the ground, and those which result from the 

nature of the ground surface and covering. ii soat useful 

concept, formulated by Geiger (1957), is that of the 

"oer active surfape", which is the surface at which 

absorption of the sun's radiant energy mainly occurs and 

from which it is mainly radiated. :.hethcr this is the 

true surface of the ground itself or, as in most vegetate 

regions, the zone of maximum leaf development, it is the 

level at which the highest day-time and the lowest night-

time temperatures are found. In other words, it is here 

that the most extreme climate occurs, and just how great 

the variation can be will be seen from a few examples, 

The temperature at the surface among the Finnish 

sand dunes (Krogerus, 1932) on a sunny day reaches a 

maximum of 470C. At the same time, the air 30 cm above 

the ground was only 2900 and that of the sand at 10 cm 

depth was 17°C. At a depth of 40 cm. the temperature was 

constant all day at about 21 C. Even more extreme rigure4 

(Geiger, 1951) have been obtained for an asphalt pavement ol 

while/ 
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while the reverse effect oeci.ro  at nitht \ihen the surface 

was 300 colder than the air above. This is due to out-

ward radiation from the errth, but the temperature gradi-

ent is not nearly so marked as in the day-time, owing to 

the much lower penetrating power of the longer wave radi-

ations from the earth and their susceptibility to reflec-

tion back towards the earth. 

It has recently been shown (Lake, 1956) that the 

lowest temperatures at night occur two or three inches 

above the surface. Although the physical reason for this 

is obscure, the importance from the point of view of frost 

damage is great, 

The nature of the soil surface has a great influence 

on the amount of best required to bring about a given 

change in temperature; colour, texture and water content 

are of outstanding Importance, the first two governing 

the ratio of absorbed to reflected energy, the last, 

owing to the high latent heat of vaporization and high 

specific heat of water, governing the rate of rise of 

temperature. 

An extrLd!e cxaL1)1e o t he e fect of soil tcxt- tre in 

ded by Cloudsley-Thornpson'c (1956) study of micro-

Dilmatee under stones, Even within a wood, the range of 

temperature beneath a 3-in, thick stone was halved corn-

pared with that of the air, while on the upper surface, 

he range was three times as great. 

The/ 
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The effect of plants is normally to reduce the 

steepness of the temperature gradients above bare earth 

and to change the height at which the outer active sur-

face occurs. The effects result from the distribution of 

the outer active "surface" in depth, the damping effect 

of the water produced by and contained in the plants, and 

a number of other factors. The formation of dew at night 

with the resultant liberation of latent heat, is one of 

the factors w1ich reduces the iagnitude of the cooling 

effect. 

Geiger(1957) made a series of temperature measure-

ments in beds of different types of vegetation througuout 

the year and thi results illustrated some of tiie princi-

ples just enumerated. The coincidence of the daily maxi-

mum with the outer active surface - the upper leaf surface 

in the case of antirrhinums, and distributed down the 

Stems in the case of the rye - was particularly clear. 

The Inversion occurred at night In the former, but was 

prevented altogether in the latter, because of the close- 

ness of the stems which Impede the free flow of air. 

Similar results 'ave been obtained from mixed meadows 

(vJaterhouae, 1950). When a definite layer of matted grass 

stems occurs, such effects are exagger.atd, Thterhouse 

(1955) measured summer midday temperature differences of 

about 8°C per 10 cm depth in the grass mat, compared with 

1 
0 
 C in the grass stems above. The blanketing effect at 

night! 
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night was correspondingly great, causing the soil surface 

to remain at least 300  above the air temperatures. 

Measurements made by Nrgaard (1934) of daily tempe-

rature range in different habitats, showed the influence 

of different soil types. A field soil was warmer and 

showed a greater range of temperature than that of a 

forest, while the soil of a bog was cooler. The effect 

of the forest in reducing daily fluctuations was very 

marked. He also showed the much greater daily range of 

temperature at the surface of a Sphagnum bog than 10 cm 

below the surface of the moss. 

Haar1v and Peterson (1952), made 9,000 temperature 

readings taken in or on Sitka spruce and mountain pine 

trees, and were able to relate the temperatures, which 

are important, for wood-boring insects, for instance, to 

such factors as the distance within the tree, it's dia-

meter, presence of bark scales on the surface, the extent 

to which the forest has been thinned and the compass 

direo1on of the particular part of the tree. South-west 

facing parts are the warmest as the cumulative effect of 

the day's sun and the lower altitude of the afternoon sun k  

make the sun's rays more nearly perpendicular to the sur-

face. A further set of readings by Haarlv (1960) showed 

very marked differences In temperature in the north and 

south- facing slopes of ant-hills in grassland. 

Maofadyen (1963) referred to some readings taken 

near/ 
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near Oxford by means of the continuous recorder. Measure-

ments taken were : the temperatures of the air, bark 

surfaces, beneath the bark and within the wood for two 

logs, one exposed within the wood and the other In an 

open clearing. His figures illustrated, in particular, 

the marked influence of shade on both the maximum and the 

night minimum, the high temperatures reached in the sun at 

the surface, the considerable delay of the daily ojole of 

temperature as the loge were penetrated and the higher 

mean temperature of the log in the open. The great varia-

tion in both the normal distribution and the chances of 

survival of insect larvae according to the actual posi-

tion in a log, have been related to the extreme tempera-

ture beneath the bark when fully exposed to the sun 

(Schmltschek, 1931). 

In deep media such as soil, the extent to which 

temperature fluctuations are smoothed out and also delayed 

is often surprising. In general, soil is warcr than the 

air throughout the winter and colder in summer, an inver-

sion of the temperature profile occurs In early spring 

and autumn, In a forest in Aberdeenshire in 1952, Coutta 

(1955, 1958)9  measured annual excursions of weekly means 

at screen height, 3. Inch depth, 6 in. depth, and 18th. 

depth of 380C, 220C, 150C, and 1300 respectively. By 6in4 

depth, the weekly mean does not fall below freezing poinnt, 

and by 12th. the diurnal fluctuations are hardly detect-

able./ 



detectable. A comparable study inade near Oxford under 

aphypodjum grassland (Macfadyen, 1956) with a consider-

able mat of poetrate stems shows similar r.sults, and 

even at 5 cm the annual cycle of temperature delayed 

about a month compared with that of the air. 

Attempts to generalize from information of this kind 

have been made by several authors. Krieteneen (1959) 

estimated that, in Denmark, a temperature change at the 

surface, travels at a rate of 18 days per metre depth and 

that about 5 of the solar radiation incident on the soil 

in summer,, is stored in the soil as heat and liberated 

during the winter. A more rigorous treatment, allowing 

for variations in thermal properties with depth, has been 

publ1sied (McCulloch and Penman, 1956) and Ooutts (1958) 

considers the practical problem of predicting soil tempe-

ratures fr.xn minimum and maxirmim screen 
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fbJ Influence of soil moisture:- 

It is well known that certain animals, such as slugs 

and snails, favour damp soil, and the importance of 

moisture for the soil fauna must be emphasized. 

Tragardh (1928) compared the numbers of Oribatidae, 

Prostjcrnata and M2sos&igxnata in populations from the 

Sarek mountains in Sweden, )?rench and Spanish caves and 

the deserts of Ept and the Sudan, drawing attention to 

the dominance of irosttgrnata in dry conditions, 

Hammer (1934) pointed out the essential nature of 

soil moisture for the development of Acarina. In her 

1937 study, she described a wet and a dry faunal cmnunit 

respectively characterized by jatrnothrus pe1titer and 

Qr1btu1a oxi1i. Haar1v (1942) confirmed this during 

his faunietic - ecological survey in Greenland, lamer 

(1944) in her studies on the oribatid and Collembola of 

Greenland, found that humidity and nutrition played a 

great role in determining the presence of the species in 

the habitats. 

Frenzel (1938) concluded that soil moisture, which 

in turn is related to soil structure, was most inportant 

in influencing the population during his investigation on 

the fauna of meadow soil, which Involved ner1y all the 

animal groups. 

Glasgow (1939) obtained strong correlation betwcen 

the numbers of Onychrus armatue and humidity. He also 

reported/ 
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reported a positive correlation with moisture for the 

population of Q. armatu.s in the wet season and Q. 

ambulana in the dry season. 

In 1941s  Agrell demonstrated the importance of the 

humidity of the 8011 for the ecological distribution of 

the Collembola, both on the basis of field 1nvest1gations 

and on experimental investigations on the humidity opti-

xmzm and the resistance to drought of different species. 

The latter had been already appreciated by i. Maldwyn 

Davies in 1926. 

Tuxen (1943) In a short article gave an account of 

the composition of the oribatid fauna in 8 localities In 

northern Iceland, and the distinct differences found were 

related to the differences in humidity conditions. 

In Trinidad, Strickland (1947) demonstrated vertical 

migration of his animals, which he attributed to dealca-

tion during the dry season. 

Mites vary very considerably in their degree of 

moisture dependence. Rhagidia, for instance, is a arnalI, 

delicate, unpigmented genus whose members die rapidly if 

removed from a saturated atmosphere (Icevan, 1962) 9  wberea 

most oribatids, with their thick integuments and heavy 

pigmentation, are much more resistant. It should be note 

that, although the absence of moisture-loving species froth 

soils may act as a guide to the water situation, the 

presence of drought-resisting species will not do so. 

The/ 
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The humidity requirements of individual species, 

have been studied by several workers.Weis-Fogh (1948) 

found that in field conditions, 111atn2thrs Deltifer, 

was restricted to constantly moist localities, an obser-

vation borne out by those of hammer (1937) and Haar1v 

(1942)9 but contradicted by Van der Drift (1951) who 

found the contrary in his beech mor. ieia-Fogh carried 

out experiments on Z. De.ltifer adults and found that they 

withstood very dry conditions; lSj R.H. at 180C Converse-
ly, be found that Polsomia guadriooulata, classed as 

being restricted to his dry localities, had little resis- 

tance to desiccation. 	ois-Fogb's results also indicated ! 

the strength of Tz'ombidjfon or Prostigutjd mites in his 

dry sites, which agrees with other workers' views; e.g. 

Tragardh (1920). 

Rtha (1951) placed 44 species of Oribatej in a table 
~of four groups, depending on their resistance to drought 

In laboratory conditions. Species such as Pelops spp., 

Øeeus app.,, and Carabpdee app., widely known to be 

drought resistant, endured forfar more than three days, 

While On1a and Suctobelba were unable to withstand 12 

hours of this treatment, as might be expected of species 

of humid borigons of the profile. iiha placed in her 

best drought resistant class, the small oribatid, 

aohvchthonius brlep1, which contrasts strongly with 

*uhnelt'e account of its role in the colonisation of 

olcmite/ 
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dolomite rooks (194 0  1961), but the variability of humiw- 

dity and structure in his sites, may have allowed local 

colonisation of such animals. Riba also noticed that th 

resistance to drought was dependent upon temperature, and 

was at its greatest between 700 and 120C. 

Attention may be drawn to Edney's (1954) review on 

woodlice and his recent booi( (195?) covering the whole 

field of water-relations in terrestrial artbropode. 

Micz'oarthropode are scarce in waterlogged soils, 

since their oxygen requirements are obtained from free 

air. Strenzke (1949, 1952) investigated some nioroarth-

ropode of very wet soils and Tiachler (1955) reports on 

the adverse effects of excess rainfall on the mtoroartb-. 

ropoda of cultivated fields, but he considered the mites 

to be worse affected than the Collembola, Some mites are 

characteristic of such places; examples of these are 

ergamaeus nuncate11, the oribatid HdrpzeteB tereetr1 

and the Colleinbola Igotontu1us palustris and Anurida 

11lberg1i, these being predominantly In the top layers 

(Kuhnelt, 1961). 

Poole (19572  1959) has shown that the nubers of 

three of the five commonest species of his Collembola, art  

related to the moisture content of the organic laser 

hii soil core. 

Marke]. (1958) considered the water of the F and 

layers- but not that of the mineral soil- to be of great 

Importance/ 
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importance in determining,  the numbers and composition of 

the fauna of some Spruce forest soils. 

Atafla (1961) subjected adults of eight oribatid 

mites and two uropodids in a choice chamber to thirteen 

series of humidites where the two humidities differed 

over a range of 684 R.E. Seven species, namely . 

aesid, 9. mints, P. peltifer, Z. semr4nulu, .2. 
gracilipes, Q. biiilis. and . gibba, always preferred th 

wetter half at all humidities, while three species namely  

P. a2r4ue, 0. dentatus and 0. glongatul t  differed from 

the previous group in that when offered the choice of lO 

and 94 R.H., they showed a preference for the drier half', 

but at all other óoinbthattona of humidities used, the 

preference was for the wetter half. He concluded that 

it is reasonable to assume that the latter three species 

prefer habitats which are not as wet as those preferred 

by the other seven species. He also succeeded in cultu- 

ring g, gassIdea, H. 	9. gracUiDes, E. serninulum, 

.acius, Q. b1-4l&s and . peltifer and their imma-

ture stages were thus made available for humidity survival 

experiments. All mobile stages of the previous seven 

mites and adults of the remaining three, were exposed to 

a series of constant humidities from 14o R.H. for period 

Of 1 hour, 24 hours and 3 days. All species survived 

exposure at 1 hour, but differences were noted over the 

longer periods with the adults the most resistant stage 

and/ 
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and larvae the least resistant. iiadge ('Personal comxini-

cation) states that, in his Investigations, r1neus 

olongatuc was most, and N&nheriannIa nna least, resist-

ant to desiccation. 

Hayes (1962) in his humidity survival experiments, 

exposed three adult Phthlracai'id& to a number of diff-

erent relative humiditic, for periods of 12 and 72 

hours. In Hoploderia iugnuI, there were only slight In-

creases in mortality until the 55 relative humidity 

point was reached, but thereafter survival decreased 

rapidly. The length of tim3e of exposure seemed to have 

little effect on mortality. In both ltircarus niger 

and Oribotritia loricata the longer tLue of exposure was 

shown to have a definitely adverse effect on survival. 

Both species were iriuch less reoletant to lowered relat-

ive humidity. 21aere was a decrease In munbers of mites 

active with time even at saturation. He suggested that 

Phthirgcarus can only exist In environments with humid-

ities lower than 90,Q for very short times only, since 

It did show greatly Increased mortality below this burn-

Idity, lie also concluded that the larger, darker 

J. magnum was markedly more resistant to lowered relat-

ive hu;ridity than the smaller, more lightly armoured 

species, P. niger and 0. lorlcata. 

(c) Influence of soil teurperature:- 

It is difficult to dissociate the effects of tempera- 

ture from those of other factors. 	xcept near the eurfae, 

soul 
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soil temperatures are more even tan those above the 

ground. In Britain, fluctuations are very gradual and 

seldom extreme below nine inches (0. 23 cm). At shallowr 

depths, however, temperature variations may be more Im-

portant. 

Since the extent of variations decreases quickly 

with increasing depth, soil animals can easily withdraw 

themselves to high or low temperatures by vertical mig-

rations. Many small arthropods descend to the cooler, 

lower layers of the soil, during the heat of the day, 

ascending only after sundown. It is, however, quite 

probable, that in many cases, the animals may descend to 

escape desicoaion rather than heat, except when tempera-i 

ture are very high (or, the operation of the laarlv-

Tuligren funnel). In high alpine soils exposed to sun-

shine, a daily vertical migration of soil animals occurs, 

as Hoidhaus (1912) was the first to demonstrate. 

Soil animals are generally less sensitive to low 

temperatures. Many of them remain mobile at only a few 

degrees above freezing point, and many mites and 

Collembola are active beneath a blanket of snow, provid-

ing the ground is not previously frozen* hoiever, active 

Collembola, have recently been found in frozen soil in 

eastern Canada (unpublished), but the exact circumstances 

require reinvestigation. Animals caught near the surface 

by frost, may be inactivated by cold rigor, but they 

usually/ 
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usually recover after the thaw. 

When the snow melts, some ground litter inhabitants, 

are compelled, by the water that seeps in, to appear on 

the surface of the snow, where they move around, take in 

food, copulate and, as soon as frost sets in again, they 

disappear from the surface. 

Pew studies of the effect of temperature on the 

Acarina, have been made in the laboratory. Uolmon (1937) 

investigated the behaviour or Ralotydeus destructor, 

scarcely a true member of the edaphic fauna, in which he 

demonstrated increased activity with the rise in tempera 

ture, but high humidity was also necessai7 for this spec 

lee. 

Haarlv (1060), studying Danish microarebropods, 

measured soil temperature at 2 cm depth on a level pas-

ture, and on the north and south Sides of ant mounds on 

the plain, comparing them with air temperature. He found 

that the soil temperatures reached higher maxizw than aiz 

temperatures, and that they were highest on the south 

sides of the mounds, lowest on the flat except in mid 

winter, when there was short reversal of the order. 

Maax'1v considered that Pasa1ozetes Rerforat3as might be 

encouraged by low humidity on the south sides of the 

mounds, but he correlated the appearance of larvae and 

nymphs of this species with high temperature, concluding 

that on the south of the rnotind, this would provide a 

longer! 
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longer breeding season. On level pasture, the whole 

population was juvenile in July and August, while on the 

south face of mounds, juveniles appeared from June to 

September. 

(d) lnluenoe of soil structure;- 

The basic relationships of soil animals to their 

habitat, are extraordinarily varied, in that some are 

limited to tiny, water-filled pores, others move about in 

air-containing pores and cracks, and still others are 

limited to the top litter layers. 

A number of vital factors for soil organisms depends 

on the mechanical properties of their environment. One 

needs only mention air capacity, water capacity and 

thermal behaviour. 

In the ease of non burrowing soil animals, there is 

a clear connection between the average size of the soil 

pore spaces and the animals inhabiting them. Attention 

here will be drawn to the difference between the mite 

population of compact, clayey pasture soils and of looser 

alluvial soils, h1lst the former harbour mainly Small, 

light coloured Oribatids and iasit 	species; in the 

latter, large, usually strongly pigmented Aggropylinap 

as well as Pezamasus 	 and tJrotpda Krameri are 

to be found. 

iith regard to the stability of the soil, pore spaces, 

it should be said that a large part of the microbial life 

certainly/ 
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certainly taios Lace on their walls, which frequently a 

are thickly overlaid with fungal filaments, A pore 

system, in which water and air can circulate is thereby 

created, and that serves as a habitat for the smaller 

soil animals. 

Weis-Fogh (1948) pointed out a relationship between 

size and depth of occurrence of some of his mtoroarthro 

pods. He considered that the small speCies, 100-200 ti, 

were able to move about in microcav-eras, ignoring the 

passages constructed by microfauna. In ouch a case, it 

is evident that particle size and crumb structure are of 

importance in determining distribution, The smaller 

species have the advantage of being able to retreat into 

greater contact with the rexnainl.ngground water at times 

of drought, and are able to live without attention from 

larger predacious mites, beetles and other ax'thropods, 

iaari,óv and Weis.-Fogh (1953) described a technique for 

examining undisturbed soil by embedding in agar and 

sectioning. By this method, IIaarlóv (1955) was able to 

study the relationships between mites and Collenibola and 

the soil structure; he confirmed WeisusPogh's observations 

on the relationship between size and habitat structure, 

and also concluded that in the organic horizons, the 

fauna played a fundamental role in determining structure. 

But he pointed out, that some small species do not neces-

sarily penetrate into areas of email pore structure, 

citing/ 
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citing 2 -pia app. and uctobelba spp. also the 0o11embola 

Xeotornjella irgnpr. In contrast he reported the presence 

of yigaja aerrata, a large (aoo u) predacious species, 

from mineral soil. Sheals' (1957) observations of 

Rhodacarus app* illustrate a similar phenomenon. 

Haarl6v (1955) showed that the distribution of Collem+ 

bola and mites in the soil, correspond with the develop-

ment of the microcaverna, but the average density of 

animals per unit area of cavity-wall, Seemed unduly low 

compared with what the latter could acooaiodatc; distribu-

tion is thus not entirely a matter of ore-aize,but must 

The correlated with a nunber of other factors such as 

humidity and food supply (see also Iiaar]4v, 1958; 1960). 

Murphy (1955), while drawing attention to pore-space 

as an influential factor In determining distribution, 

does not necessarily agree that, per as, It Is a limiting 

jfactor in raw humus. He notes, however, that where 

_ 	occur in raw humus in which cavities are small, 

they are represented by their smallest speci.s,, lie also 

uggests that, in a particular heatland habitat, Collein-

cia (Which are never as szna1l as the Acarina) were 

.arge1y excluded from the litter-layer because of their 

ize, although many overcome this by their elongate, 

t'lattened fora. 
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ChaDter. 

90i1tt and Deriodiotty in s211  

mjcroaz'thropod actiyitr. 

Theories of rhrtbzntc aottvttr: 

Three theories as to the origin of the 24-hour 

rhythms have been proposed (Cloudaley-Thompson, 1961):-

I-That the organism responds entirely to periodic 

factors In the envjj'onrnent, This type of response Is 

described as exogenous rbthm (Park, 1949a; Harker, 1958) 

2-That animals and plants are arhythmic when they 

first develop from the zygote, but they soon learn a 24-

hour rhythm from the environment or from, their parents 

and this Imprinted rhythm is reinforced as development 

proceeds. Plttendrl.gh  (1958) used the term Impressed 

rht to describe this theory. 

5-The third theory assumes the presence of an InhereH 

ted 24-hour clock. Park (1949a) & Harker (1958a) used 

the term endoieoue rhytbm to describe this theory which 

the majority of workers now subscribe. 

Differences In periodicjty: 

The terms rhythm, cycle, and periodicity are regarded 

as synonymous when applied to biological phenomena. 

Rhythms having a period or frequency of approximately 24 

hours, are cal1é 24-hour circadian or diurnal rhythms, 

while by diurnal activity Is meant activity taking place 

during the hours of daylight (day-active) as opposed to 

nocturn1/ 
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nocturial (night-active). Physiol2gjcal rhythms such as 

those of the heart, contractile vacoule, or mitotic cyci 

are contrasted with exogenous or environment dependent, 

and persistent or endogenous rhythms. 

Seasonal-rhythms: 
Seasonal rhythms are apparent In the lives of al- 

most all animals. 	The timing of the rhythm may vary- in 

different species of invertebrates. For example, in his 

paper on intrageneric isolation among spiders, Tretzel 

(1955) shows that different species may be isolated In 

time as well as in space. This temporal separation is 

manifest in their daily rhythms of activity. Bodenhelme 

and Klein (1930) for example, observed that the activity 

pattern of the ant, M  gaso BOMIM-fus t  is modified by the 

season environmental complex and especially by temperature 

changes. 

- 

Seasonal changea are apparent in the behavioural 

responses of many species, Thus, Perttunen (1983) has 

shown that a marked seasonal change occurs in the humiditk 

responses of the millipede hIzpDhvjlum 4buloum In 

Finland, The dry summer reaction Is gradually reversed 

to moist In the autumn when the animals hibernate, This 

seaaor1zl change corresponds well with the ecology of the 

species whereas in suner it Is often to be found In dry-

places, it always hibernates in moist surroundings. A 

reversal of the normal humidity response also occurs in 

females,,' 
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teiales about to lay eggs. These show a positive reac- 

tion to moisture which takes them to the damp localities 

in which oviposition takes place (Perttunen, 1955). 

Seasonal changes have also been observed In the 

humidity reaction of the oorirnon earwig, Forfigula 

lane. In Summer, the animals show a clear and strong 

'preference' for the drier side of choice-chamber appara-

tus, but In the winter they respond posItive1r to moist 

air which causes them to burrow into the soil for hiber-

nation (Perttunen, 1952). 

Seasonal movement of soil microarthropods In the 

different layers of the organic layer have been shown by 

a number of authors. Ford (1035, 1937, 1938) found the 

greatest penetration of nchiuru mbulans Into the aol] 

In February and May. Strenzke (1952) states that in 

north Germany, the enibatids inhabit mainly the surface 

layers from k4ay to September and move to deeper layers 

from November to March. Macfadyen's results (1952) agree 

with the previous two authors. Glasgow (1939) found tha 

0. ambulan has greatest numbereth the deeper layers In 

February and March. Strenzke (1949) cites Isa specie 

as being surface-dwelling forms and 0. 	tus and 

sullbergia Xrausbauerj as Inhabiting the deeper layers. 

These species, with P21sonig auadrioculata, are shown to 

move to deeper layers (below 2.5 cm) In the winter months 

while Isotoma notab.Us among others does not do this. 

In/ 
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In this and in findingLliat in daip conditions the fauna 

becomes confined to the upper layers, he agrees with 

Agrel]. (1941). 

Ribs (1951) observed that the "H" layer in her 

Rendzina, and the "F" layer in the Calcareous Brown Loam, 

formed the refuge from summer drought and winter cold. 

Van der Drift (1951) found that in times of drought 

many of the litter forms migrated downwards and certain 

the greater part of the znicroarthropods were found in t 

lower layers. 

Karpinnen (1955) investigated Caxntettdae (Oribatei) 

from 1595 samples of wet raw bunnis profiles all over 

Finland in which he showed that changes in temperature 

and humidity, particularly in winter, produced vertical 

migration of his species. 

Card (1958) during his investigations on the dietri 

button of the Acarina of a Hemlock/Yellow Birch forest 

floor in Michigan, found that vertical distribution of 

the mites was influenced by soil moisture, temperature 

and food habits. Most species showed a low tolerance to 

dry conditions, but moisture acted as a limiting factor 

only in the upper portions of the litter. Temperature 

changes were more effective in winter, when some movemont 

of individuals from litter to humus, occurred as a res-

ponse to unfavourable temperature conditions in the 1ittz'. 

al1work'e work (1959) on the distribution and 

population/ 
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population dynamics of oribatid nites and Coleabola in 

litter, humus and mineral layers of a hemlock, yellow 

birch mor, showed that a decrease in mite numbers in the 

litter occurred in winter, and the humus population was 

more than double that in the suner. Population changes, 

particularly those occurring at the onset of winter, of 

several common oribatid mites were discussed in relation 

to movements through the profile, death and emergence of 

new forms. Adults of some species apparently moved down 

Into buania as the litter became frozen. 

Diurnal rtwthns: 

Diurnal periodicities of the physical environment 

affect organisms in a number of ways. For exainle, there 

is a variation depending on latitude, so that in equato-

rial regions, the hours of daylight and darkness are re-

latively constant throughout the year, while nearer the 

poles, the hours of daylight increase during the eumer 

months and decrease in winter. Length of daylight is 

associated with light intensity, temperature, relative 

humidity, rate of evaporation and so on. There are also 

marked variations in timing and extent of the changes 

according to locality and habitat. In a continental 

desert, for example, the difference between day and night 

temperature, may vary considerably, but in the wetter 

parts of the tropics, it is no more than a few degrees. 

Diurnal rhythms of activity in terrestrial animals 

may/ 
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may be associated with changes In light and darkness, 

temperature, moisture, and food supply. 

In his review of insects and climate, Uvarov (1931) 

concluded that the daily activities of insects are InfluH 

enced by combinations of several meteorological factors. 

Lees and Mime (1951) have described a diurnal 

pattern of behaviour In active sheep ticks, Ixodes rtoIn. 

A higher proportion end a phase of activity on the tips 

of blades of grass during the evening than at any other 

time of day. 

Noz'gaard (1951) has shown that the behaviour of the 

spider, F.111slata, Insidiatrix, In southern Europe,, is 

related to environmental factors, particularly tempera-

ture. The spider stays in its heat-Insulated tube during 

the hottest hours of the day and thus avoids the high 

temperatures outside. It comes out at night when woodlicé, 

its chief prey, are most numerous. Thus temperature and 

the the periodic food-supply probably reinforce each othe' 

In adding to the ecological significance of the observed 

rhythm. 

Very little work has been done on the diurnal move-

ment of soil microarthropods In the soil profile. 

The Qribatej of a central Swedish bog and their 

environment were investigated by Nile Tarrasah1berg 

(1961). He demonstrated the dependence of Npthrus iwaten 

BIB  on the physical envi ron;ient, causing It to move down-

wards during / 
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wards durig hot suor days. ?bis was also observsd to 

a certain extent in Teotocevbgag velatus. Von Roel.na 

Leuthold (1961) made a comparative research on the fauna 

of various meadow soils in the upper Bavarian region, 

with special reference to the Collembola. She recorded-

that three species of Colleinbola had shown temperature 

conditioned vertical migrations in the course of the day. 

Among the environmental factors, porosity, dampness and 

temperature were found to be particularly important. A 

dependence on pore formation was detected in mites and 

Collembola. 

DjsusstoI :- 

Diurnal and seasonal changes in the weather are 

reflected in changes in the temperature and moistness of 

soil. Fluctuations are greatest at the surface but 

decrease with depth. 

Soil microarthropode, during their search for food 

are influenced by microcumatic conditions in the soil 

profile. Due to their life in the air spaces of the soil 

their mobility while searching for food depends on the 

volume of the pore spaces and the influence of micro—

climate. The pore spaces between particles of soil, soil 

aggregates, or leaf litter, are filled with air in soils 

which are not water—logged* Usually, they are lined with 

a thin continuous film of water which provides another 

habitat for the soil mioroarthropods. 
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Soil ctnkms 	are active only in the soil 

water. They are restricted in their movements by the 

thickness and shape of the water film in which they live. 

The majority of soil microarthropods are probably 

able to enter a dormant state when the film of water in 

which they live dries out. They soon revive when free 

water again becomes available. A fallen leaf soon ac-

quires a population of these animals when it becomes wet. 

/ 
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Chapter 4. 

Object of the studv 

The experimental work to be described was designed 

to determine the influence of climatic effects on the 

vertical movement of some soil mites, and to separate 

observed movement from diurnal rhythms of vertical move-

ment if the latter were prceent. 

Two experiments were carried out, a field Investiga-

tion in a SCRO pine plantation at Bsuh, idlothian; and 

a laboratory experiment using artificially induced and 

controlled climatic regimes on samples collected from th 

rich Rannoch Black Wood forest. 

Five Oribatid mites; i.e. Ceratoppj.a bipfljs 

(Hermann), liermannia itbba (C.L.Kooh), Oribatell 

calcarata (C.L.Cooh), Phthlracarus ptger (3cop.) and 

Oppiasp., and five Mesostignatidae; i.e. 

nemorens1 (C.L.K.), Qlodiscits minimus (Kramer), EviphIs 

petrinus (O.L.K.), Fe.rgaLnasus robustus (Evans) and 

UQ1oparettue oalcaratus(Berlese) were selected for the 

Bush Study, 

Six Oribatids; i.e. Piatynothrus peltifer (C.L.Y.), 

Ceratoppia bipilis (Herm.), Tectocej2heus, velatus (Michael), 

Oppia ornata (Oudras), Oppia neerlandlea (Ouc3ms.) and 

Phthiracarus piger (cop.); and six Mesostigmatids; i.e. 

Pergamasus lapponicus (Tragardh), Y_gjZ_aia neznorensis 

(o.L.Ic.), Zercon zelawiensie (Sounlok), Parazercon 

radiatus] 
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radlatus (Berlese), Ii)hidozercon iTAIflUtUS (liabbert) and 

O1od1sos rnlniznus (Kramer) were selected for the Rannoch 

work. 
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Chapter _15. 

Methods: 

Section 1. Climatic measurements, 

Geiger (1957) used mercury thermometers in his 

classic researches described earlier in this section, on 

the relationships between temperature and height above 

ground in flower beds. Mercury thermometers have also be 

used for measuring long-term soil temperature changes at 

a considerable depth, where diurnal fluctuations are 

eliminated (Cutt, 1955, Searle, 153). 

The thermocouple, is Simply a pair of wires of die-

similar metals joined at both ends. Cooper and constantar 

are usually chosen, and the copper wire is interrupted to 

include a galvanometer. The current flowing in the 

galvanometer depends on the difference in temperature of 

the two junctions and also on the resistance of the 

circuit, the junctions acting as a source of about 50 

orovolts per degree Centigrade difference in teiuperaturej. 

If it is desired to make the maximum use of the potential 

difference, the galvanwieter can be replaced by a poten- 
t 

tiometer, but since accuracies of about TD°d can be 

ctiieved with a good galvanometer, such as the Cambridge 

Unipivot" type, the more elaborate apparatus is not 

ily employed in the field. 
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A type of thermocouple e:ploying the very soft alloys 

antimony and bismuth has recently been introduced; 

hese produce a much greater potential difference, but 

Iiave to be supported in glass capillaries and are very 

ragile, so they would appear to be of rather limited 

pplication. New techniques have been developed for the 

manufacture of very small thermocouples (e.g. In hyPodermij 

eedles) ;(Digby, 1955, Speinbley Ltd. 19600 Sterrett, 1961 

and for their use In recording rapid temperature changes 

Leaton, 1949). 

A fairly simple, battery-operated amplifier for 

ontinuous recording, Is described by Denton (1951). Pla_ ~i 

inum resistance thermometers, however, can be made to 

te a continuous recorder without an amplifier. These 

re simply lengths of platinum wire whose resistance 

changes with temperature. They are of moderately high 

resistance, usually about 100 ohms, and therefore can be 

used with fairly long leads; they are widely used for 

industrial purposes. 

A gret1y improved type of resistance thermometer 

produced in Britain by Standard Telephones and Cables 

'td,) is the t$Ttlermlstorft. This Is a "semi-conductor" 

device related to the transistor and the gernanuIm diode 

and takes the form of a small bead lees than a cubic 

millimeterlin vo1ucie. The resistance of this varies 

greatly with temperature and In the opposite sense from 

that/ 
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that of a aetal; thus, an increase of 15"L is sufCicien 

to halve the resistance. The bead is mounted at the end 

of an evacuated tube, containing connecting leads which 

are joined to the bead by extremely fine platinum wires, 

with the result that there is little heat transfer from 

the bead to the connecting leads. 

Thermistors have been used in a simple bridge circuti 

(Mortimer and oore, 1953). Measironente among potato 

crops provided useful inforaation about the environent 

of harmful aphids (Braodbent, 1950, 1953), (Pennan and 

Long, 1949). The possibility of using long leads and the 

absence of any kind of amplifier (resulting in very low 

power demands, which can easily be satisfied by dry 

batteries) makes the construction of a battery-operated, 

continuous recorder possible (Macfadyen and Kempeon, 1954 

This apparatus records the temperature of twelve ther- 

store once an hour for a week (2,304 readings) on a 

little over a metre of film. The ratio of accuracy to 

maximum range is about l;o, so that readings can be relied 

on to half a degree when a range of 4000 is used. 

Besides being used in uany simple thermometers,the 

bimetallic strip (consisting of strips of two dissimilar 

etale joined so that they bend when heated or cooled) is 

the usual tempersture-.sensitive element in the clockwork 

hermograpb, in which a pen moves over a revolving drum 

nd writes a continuous temperature record. This apparatu 
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is limited in it 	Orlia:;;j 	to iicrooljae icrk on 

account of the large bimetal used, but a miniature ersio 

(Krogh, 1940) has been extensively used in Denmark, for 

example, by Nrgaard (1934) and in studies of the effecta 

of clothing and air conditioning on the climate next to 

the human skin. This instrument is a combined thermo 

h 
 
ffgEograph recording humidity as well as temperature, it 

is constructed from a good quality Swiss watch whose hour 

band is replaced by a light turntable. On this are 

mounted two levers actuated respectively by the bineta11j 

spiral and a humidity-sensitive hair. The tips of the 

levers bear fine points which project upwards to touch 

the flat watch gisea, which is smoked, and which can be 

easily changed. As the turntable rotates, a circular 1 

line is traced by each point and the distance from the 

centre of the watch is proportioned to the factor being 

measured. The glasses are read In a special holder under 

a microscope and accuracies of 100  and 52 R.H. within the 

range 3Qj to 90,o R,H, are possible. The provision of 

aontInuoua records was a great advance on anything in-

lurented previously, but the apparatus is much larger than 

he thermocouple or the thermistor. 

12) um1dity measurements 

Although the hair hygraaeter, as used In Xrogh's 

.nstrument, Is capabi, of considerable accuracy when care-

'ully calibrated, it Is not consistent under very wet 

ondltlons/ 
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condi i ns— 	 of z'atet inert in ecologi- 

cal work - and is useless below 3O, R.Ji. Its 1ongterrn 

accuracy is poor since the hair gradually becnes etretchf.. 
ed, especially in cheaper ins trunentp here strozger 

springs are used, There has, therefore, been a constant 

search for greater accuracy, smaller size and for a 

device adaptable to continuous recording. Although all 

of these have been achieved aeperately, they have not so 

far been cnb1ned in a single instrument, 

The most practical and widely used method (So1non, 

1945, 1957) for very snail spaces, makes use of email 

pieces of special thin paper soaked in solution of a 

cobalt salt, whose colour char.Tes with the relative 

bumidity of the surround jn air, This property is well 

known to apply to cobalt chloride whose crystals change 

red to blue when 	from damp to dry Conditio'fran ns. 
The change in this salt is most marked in the region of 

50,o RH, and for ecological purpQss, cobalt thiecanate, 

hich has its greatest colour change in the region of 75, 

a more useful, The paper is dipped in a standard manner, 

dried and then exposed to air held at a series of known 

humidities by means or sulphuric acid or potassium hy—

drozje solutions, (olaon, 1951). After about ihour 

he papers are quickly mounted in liquid between a piece 

Of colourless glass and a white background. Papers 

exposed in an environment whose humidity is to be deep— 
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detriac1 , ar c. 	:i3 .1 Ln 	ic standr32- , 	rc1:. u1ve 

humidity can be estimated to about 2j4 accuracy. Since 

there is almost no practical lower limit of size for the 

papers, they can be used in very small spaces. The only 

disadvantage of this method, is the length of time 

required for an exposure, and the impossibility of adapt 

l ing the method for continuous recording, but the accuracy 

is sufficient for most practical purposes. 

A different method(Nlelaon, Tetens and Thamdrup, 

1939) which is very accurate at high humidities and 

secures quicker readings, depends on the balance between 

evaporation and absorption of water vapour from sulphuric 

acid solutions of different strengths. 	series of 

capillary tubes is made, partly filled with acid of diffe-

rent strengths, then sealed at both ends. To determine 

the humidity of a given air sample, the contents of the 

are exposed by breaking one end, and by trial and error 

is found that strength of acid which tends neither to 

increase nor decrease in volume, as indicated by the 

isous of the acid, "bulging outward' or !caving inward.I 

In fact, the method Setme to have been largely replaced 

the cobalt—paper method especially,  whore many readings 

re to be taken. 

The "Dunmore" element of the American radiosonde 

tus (Dunmore, 1040) has long attracted those 

nterested in microclimate work and has been developed 

urt her/ 
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(flJ 1 	L/Jkz 

principle of this nethod Is that the electrical oonduct1. 

vity of a coating, containing usually a polyvinyl plastic 

and a-  hygroscoplo salt, will vary with the humidity of 

the surrounding air. 

A double, interwound spiral of platinum wire on an 

insulating rod is dipped in such a mixture and dried; the 

sistance between the two spirals will then vary with 

lative hwnidity. 

Another variant of the Dunmore principle involves 

he passage of a fairly heavj current through the plastic 

cating until its rcistance is increased and canes into 

uilibr1u wit'-pa surroundin' air. The humidity is calcu—

lated frar ten1perature - rneapements of a rsitance 

tiernometer built Into the probe. 

The effects of vapour presure on the capacity and 

leakage resistance of a miniature electrolytic capacitor, 

may provide the basis of a very compact and reliable 

loctrioa1 humidity element (Anabacher et a?. 1953; 

uttIng et a?, 1956), An anodized aluminium wire (the 

Oxide layer acting as an insulator) is coated with a 

econd conducting layer and the capacity and leakage 

*eslstanoe between the inner and outer electrodes as 

formed are found to vary with the vapour pressure of the 

Øurroundjrig air. The capacity, which is high owing to 

the very small distance between the electrodes, varies 

wfith/ 
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with vapour pressure {ani hence absolute hu...iditr) in a 

iMnner almost independent of temperature up to about 5Q 13  

R,i.; after that it becomes more dependent on temperature. 

The main advantage of the methods discussed so far, 

Is that they can be used in very confined spaces without 

appreciably altering the huidIty of the air. ,here this 

demand Is less stringent, the "wet and dry bulb" hygro—

meter can be adapted or a dew-point method can be used 

(Banett, 1951, K$ie, 1948). In the latter case the 

appearance of condensation is indicated electrically, 

thus permitting the apparatus to be hidden from the ope-

rator. The need for a cooling mechanism and the consIder 

able effect on the environment, normally preclude the use 

~of this method,  but If a hygroscopio coating is used (s 

in the Dunmore element just described) the effective dew-

point Is raised. This principle is adopted In a hygro-

meter made by the Foxboro Co. (U.S.A.) and used for 

climate work by .Aalyng (1958). The need for a beating 

coil once more limits this method to climatic rather than 

nIorooiimatic work, 

et and dry bulb ".yhrxatera" have been :isde usin 

small bimetal elements (Tanner, 1957), thermistors 

and Long, 1949), and also thermocouples (Belaire, and 

ndereon, 1951; Powell, 196; John, 1949). The first two 

,have been used with recorders In the field. A major 

rob1em with psychroLnetere is the provision of a reliable 

t er/ 
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Water supply; it is often necessary to feed a wick fran 

a large reservoir above the probe. Alternatives are to 

dip 'the wet bulb into water mechanically before each 

reading (John, 1949) or to cause condensation on the June 

tion by passing a current through it prior to reading. 

This can only by done at very high humidit1s. 

Two reviews on huidity measurements should be most 

useful to biologists (Nattenal Physical Laboratory, 1953; 

Penman, '1955). 

When it is necessary to measere the humidity of dense 

media, such as soil and litter, measurements of the rela-

tive humidity of the air in the interstices, in a climate 

such as that of Britain, is not very informative, because 

this air is usuallj saturated (Mau.a, 1931; Hayes 1962). 

The norujal method of determining the water content 

oil, is to compare the weight of the fresh soil with tha 

of the same sample after drying at 10500 and to express 

the result as a percentage of the dry weight. 	uch figure 

re suitable for seasonal comparisons of the same soil 

type, but they are not simply related to the availability 

~of water to plants or animals because, for example, sand 

s saturated with water at a much lower percentage than 

loam. A biologically more informative measure of soil 

oisture is the "suction" in height of water or mercury 

'equired to withdraw the water frarl the soil. This is 

usually/ 
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USuel1r expressed on a 1ogaitiiaic scale as 	(i.e. 

pF = log10  height in millimeters). Two values on this 

scale are especially important biologically, the wilting 

point at which plants can withdraw no further water 

against the capillary forces in the soil (about pF 4.) 

and the "field capacity" at which the soil is virtually 

saturated (about pP, 3.2). 

Measurements can be carried out in the laboratory by 

measuring the column of water which can be supported from 

is porous plate in contact with the soil or better, in the 

field with a "tenslometer" consisting of a porous pot and 

a manometer filled with water. The theory and construc-

tion of simple tensianetera have been discussed recently 

(Goode and Hyryez, 1960; Sedgley and Millington, 1957). 

However, tensianetera are large in size, not suitable for 

recording and fail in soil drier than a tension of 0.6 

atmospheres, These deficiencies are rectified in the 

Z
electrical method developed by Boyouos (1949, 1954); 

youcoe and Mick (1940); Fairbrother, 1957, which uses 

blocks of inert material (plaster of Paris, Fibreglass 

or nylon) containing electrodes. The "Boyouooa blocks" 

are inexpensive and large nuibers may be buried perma- 

ently in the Boil with only their leads projeotin. !n 

alternating current Wheatstone bridge (Boyouooe, 1954; 

iarrisson, 1957) is used to tneasure the resistance between ll  
he leads. The calibration is very stable and a resist-

nee/ 
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resistance of about iO oLis corre o3s UL o field cp4. - 

city, 106 Ohms to wilting point. All the equipent is 

now available commercially. 

(4) \Vtnd-eieed measuremenj 

The normal wind, vane an-cl out anemometer are hardly 

applicable to microclimate work, although the exponential 

decrease in wind speed in the air close to the ground, 

has been demonstrated by their use. A fan type anemo- 

meter is rather more sensitive but is still too large for 

small spaces and low air speeds. Recording mechanical 

anemometers for raicrocllmatj.c work, have also been des-

cribed (Lewis and $iddorn, 1959; Schmidt and Marshall, 

1960). A thermistor anemometer (Penman and Long, 1949) 
is useful for measuring very low wind speeds. This uses 

type of thermistor in which a heating element surrounds 

naked sensitive bead. Over a range of speeds up to 

about 5 m.p.h., the extent to which the element is heated 

bove the ambient air temperature, is found to vary 

nversely with the air speed in a linear manner. Thus, 

y measuring the ambient temperature with a separate 

element, wind speed can be claculated. This device has 

the advantage of allowing simultaneous reading of tempera-

ture, humidity and wind speed by a single measuring or 

recording apparatus. Thermocouple anemometers have also 

~een described in the literature (rlukill, 1941), but the 

ieed/ 
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need for sensitive a1-c1i:'ier nor!ai11 rec1udes t:eir 

use in the field. This hever would appear to be a parti 

suitable application of transistor amplifiers since the 

thermocouple, the transistor, and the recorder can all 

have relatively low Impedances. 

Some simple iuethods of measuring low wind speeds 

have been described by Wilson (1959). He uses ammonium 

chloride smoke and soap bubbles, and times their rates 

of movement with a stop W5tC1j.(McFAdyen,3). 

In the work undertaken, continuous records of tem-

perature, humidity and wind speed, were taken at three 

levels above the ground using the following instruments 

carried by a tower located In the middle of the experi-

mental area (Plate I 

(1) Three thermographs and three hygrographa set In 

boxes at 2211 , 44' and 68" levels In the air 

profile under the Söots pine canopy. 

2) 

	

	Ind speed was also measured at the same levels 

every three hours during the sLupl1ng day using 

the 3 cup anemometers. 

Periodic measurement of temperature at three levels 

(l,2.,3ne) in the soil were made with a simple thermistor. 

Measurement of soil atmospheric humidity was origi-

ally carried out with an Edney hygrometer, but this was 

bandoned since the air was always at saturation. 

Calculation of soil moisture was done by comparison 

Of iee and cI,-y 	iht. 



P.1ate 4: The tower oarzring the meteorological instruments. 
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21 	 1iavid  extraction eaods 

(1) Sajñe se1epiori:- 

The sampling prograune consisted of the collection 

of two samples simultaneously, each of three units; eight 

times each mondar on $0 occasions between 16/4/1962 and 

31/3/1963. By the ocmpletioz, of the study, the total 

number of samples eunmed up to 2400 samples (2 x 3 z 8 x 

50 = 2400). This prograrime was based on the availability 
of extraction equipment. 	The selection of actual sites 

for the units was accomplished by using the table of 

randos nuabet's, 2he site was chosen on the basis of 

avoldinri the scattered Sitka spruce trees, in the experi-

mental wood (Pig. i) and the ground flora was scarce. It 

was cleared frca the twigs and branches of trees which 

Covered the site after thinning of Scots pine (Plate 2) 

and was divided into two plots, in the middle of which waS 

built the pole carrying the anemometers and the boxes oon 

taming the other meteorological instruments (P1a 	4). 

Each plot was then divided into 16 sampling cites 1 squar 

eter each (Fig. 2). This was achieved by 6 white pointed 

begs, driven Into the ground and giving an area of 1 square 

kzieter. The sampling sites were then labelled by fixing 

ooden labels in front of each. The labels were painted 

,White and carried black letters in alphabetical order from 

A to P. The other 16 labels were distinguished by red 

circles around the letters. 

was/ 

Access to the sampling sites 
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was 110.?3 tc U:r lvin 	ef,,,-- ages between tiiea. Tae 

experimental site was surrounded by ropes and labelled 

Ito avoid unauthorised Interference. 

(2) 34mDle size:- 
Sample size should be related to the frequency, abun1 

danco and size of the animals to be collected; Haarlv 

(160) discussed minimal area, and described the hand-

sorting of ten 1 cm2  samples. fie then plotted numbers of. 

species against numbers of samples and obtained a curve 

showing thst at 7 cm2  almost all of his species were al-

ways present, while those of high frequency were present 

in 2.5 cm2. Overgaard Nielson (1955a) attempted to cal-

:oulate an 1deal sample size, b7 comparing standard devia-

tion and mean numbers per sample unit. His figures showe 

that 100/unit, the standard error was 15, while Increase 

to 470/unit only reduced it to 12. He concluded that an 

Ideal sample would be one witb an average of 100 mdlvi-

duals, but that this would be impracticable due to the 

effect of seasonal variation in numbers, which would have 

entailed dispensing with uniform sampling procedure. 

Sample size was selected after some preliminLrT ex- 

tractions to provide an adequate catch. A perspex tube 

with Internal diameter 3J8 cm. was cut up into lengths of 

1 cm, givinf.l. a sample unit area of 7.45 m2and a sample 

volume of 7.95 cm3. 

it/ 
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It will :e S1 	 t red-otnen.t of Lhc extractor, 

for later experimental work considerably improved the 

level of extraction in these ea.nple sizes. 

(3Lopllectlonot eampes:- 

Collection of samples was made on the sites selected 

after numbering them by means of a table of random nuzn.. 

bepa, Those numbers which were drawn for a second time 

were rejected, A sampling frame was used to deter4ne the 

position of sampling (Fig. 3). The frame was made of woo? 

with an inside area of 1 square meter. It was divided 

into twenty five 20 ena x 20 ems sampling equarea, by 

stretching tensioned wire from each side of the frame; 

thus giving the squares needed. The points of inter-

section of the wires were soldered to eliminate any tend-

enoy of the wires to lose their position and so alter the 

aCcurac:T of the sampling squares. The frame is located 

in position by the 6 pegs driven into the ground in the 

poit1ons of sampling (Plate 3). The positioning of these 

pegs is such that the frame can accurately be placed in 

the exact position each time of sampling. The pegs and 

frame were painted white to preserve the wood from the 

elements and to facilitate the sampling during the night. 

tearing in mind that the samples themselves were smaller 

than the squares, it was necessary to determine the exact 

position of sampling as being at the exact right corner 

the square, since it is essential that there must be no 

H' 



FIG..SAMPLI$G FRAME IN POSITION A. 

Pig  
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Plate 3: Thø sampling procethire and soil miorooThuatio 
measurements, 
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room for personal choice in determining the sampling 

point. 

Two cores were out simultaneously every 3 hours with 

two core cutters illustrated in Plate 4; each out a core 

of 348 ois diameter and 3 cma in height. 

The cutter consists of a brass tube split into two 

halves through the centre of its diameter. At the end of 

one half is braised a steel cuting edge into which is 

located the other half. The cutting edge was sharpened 

regularly to facilitate the sampling. The internal bore 

of the tube, is turned out to allow the insertion of the 

perapex rings as far as a step just above the outter, and 

space is allowed for vertical plaaeuent of three rings 

held in place by two small pads soldered to the inside 

Mall of the corer. Two handles pass through two slots 

in the upper tube and are locked down onto the rings by a 

quick release ring at the top secured with one bayonet 

fitting catching the right handle on one side; and with 

the left locking screw handle on the other. (Plate 4). 
The two halves of the corer are thus held together. 

The corer, with rings inserted, is placed on the 

sampling site and forced down into the profile with 180  

turning motion fran aide to side (Plate 3). The core so 

cut, is very slightly smaller than the rings, and passes 

up through the cutter into them (Plate 4). It Is then 

necessary to release the loose half of the corer, and to 

out/ 



Plate4: The core cutter (Outside and inside views), 





57 

out off tiie core at its foot with a scalpel. It is then I  

slid out of the corer by sandwiching it between two 

aluminium discs (Plate 5). A very thin saw edged steel 

knife is used by inserting it between the perspex rings 

for cutting the core into three samples, 1 cm each. It 

was sharpened regularly to avoid disturbing the samples. 

Macfadyen (1953) has outlined the important points of 

possible error; Poole (1957) described a device for avoi&-

ing any compression of his samples. The method descr1bed 

above, appears to fulfil the basic requirements for the 

process. The three samples are thus divided into their 

rings and separated by another two aluriinium discs. 

(Plate 9). Each sample is inverted and placed on a piece 

of wire gauze with small apertures giving an aperture of 

0.05 inch and rested on an inside rim 0.5 from the base 

of the perspex sample holder (Plates 6. 7) which is then 

numbered and weighed. This arrangement allows the anima1 

to escape through the gauze which still retains much of 

the sample material. The perspex sample holders are then 

conveyed quickly to the extractor in their positions in 

the samples holder shelf carrying their numbers. Under 

the samples holders in the recesses in the bottom of the 

extractor are set the beakers carrying their numbers and 

containing 0.1 Agrimycin solution (Macfadyen, 1961) reads 

for collecting the catch. The second series of extractions 

was made into 20 solution of picric ucid, which was more 

effective,' 



Iiate 5: Dividing the core into three atapiee; 1 an each. 





P.ate : The three snpies divided into their prspax rings 
before inserting them into their samples holders. 



PlaI2 !1: Left The sample i.rtacl on the wire gauze before 
and after inserting it into the sample holder. 

Right - The beaker for oolleoting the øatch. 
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effective than tie gririycin in supnrcssjnc nou1ds. acb 

beaker is covered by a rubber ring holding the sample 

bolder in its centre and kept in position by a rubber 

band (Plate 8). 

Dimensions in inches of:outer 4. Diaraeter- 	inner Length 

 Top Ring 210 1.6 07 

 Brass Tube 1,7 1.4 4.7 

 Cutting edge 1.2 0.8 

 Perspex sample 
holder 1.7 1.5 2.4 

Perspex sap1e 
ring 	 1.5 	 1.3 	0.4 

~6# Rubber ring 	4.5 	 1.5 	0.4 



The extractor "nod to show the source of beat and 
tlie. irrane tmt of the scmplea on the tqp of the 
beakers for collecting the catch. 





I4)-Extract I n of  L4tec :— 

The extract or used In this Study was a modification 

Of a multiple funnel apparatus based on Macfadyen's 

(1961) latest device. It was constructed as a portable I 

wooden box designed to take 48 of the cores described 

(Plate 8). It had two separate chambers, one over the 

other; the up:er hot, the lower relatively cold, ther-

mally insulated from each other. The tinner Was hatøii 

with 2 "2owt candle" stripe of fluorescent - in front of 

which was fitted a sheet of glass to protect them and to 

spread the heat evenly providing a heat of 40 watt 

power above the chamber, and the temperature in the upper 

chamber fluctuated at 75F + 5. Ventilation was RIL 

lower and upper levels, at the ends. The lower chamber 

was completely separated from the upper by theru 

tion (expanded polystyrene lightweight insulation) except 

for the 48 holes through which the perspex samples holder 

passed. It was cooled during these experiments by the 

8 beakers filled with distilled water and 0.1 agrirmcin 

for collecting the catch. The Sample was suspended in 

this lower chamber in the perapex sample holder, with all 

its surface - other than that presented to the upper 

Chamber - In the cool air of the lower chamber, de1IverIng 

be catch to a beaker of distilled water and 0.10 agrizzcIn. 
The box was closed during the extraction (Plate 9.). It 

is worth recalling here that the sample was inserted 

ndieturbed/ 



plat 9: The oxtraitor o1oetL 
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unditurUeQ and inverted without taking it fro. its ring 

(Plate g). 3aturation at the base of the sample through-

out the extraction was provided by the distilled water in 

the beakers wriich were covered with rubber rings secured 

with rubber bands. it was found that the free water 

froin the aple did not condense on the percpe: samr'le 

holder, or on the base of the canpie. 'he drying of the 

sample was strongly progressive and ws achieved in One 

week. 

The aLi of the modification was to provide the Cam-

pies with temperature and humidity gradients. This was 

acheived by adding a tray of running water containing the 

beakers; thus providing the bottom of the samples with 

saturated conditions. The tenperature control wa ach• 

elved by adding a thermostat to the extractor in order 

to raise the temperature gradually. There was a gradient 

of about 8°C between the top and the bottom of the cam- 

pie. 	late 10 (a) shows the internal view of the 

extractor after nodifioat1on. 

The extracted mites and killing colution wrc 

tnen transferred into tubes labelled and corked. !or 

counting and identification, the tube contents ore tranaf 

ferred to a petri dish and examined under a binocular 

nioroecope (125 x agnif±cation). Care was taken to see 

that/ 



Elate 10: Internal view of the extractor after 

modification. 
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that all material was washed out of te tube aid to 

examine the corners and edges of the counting dish. Any 

movement of this dish was done very slowly in order to 

avoid the possibility of the animals being displaced 

After counting, After extraction, the perspex sample 

bolder together with the dried sample were again weighed. 

Thus, the dry weight and moisture content of the samples 

were obtained. 



1(2 

Section 3 : Laboratory inicrocljiaatip experiment. 

In the laboratory experiment to observe separately 

I  the effects of the components of evaporation on vertical 

movement in the rnicroarthropod8, a small windtunnel was 

constructed with a 3" square working section. 

The apparatus consisted of a sealed circuit made 

principally of plywood, with a 6" x 6" section. The 

working section and restrictions were made of zinc sheet. 

The heating and cooling section was made of cement 

asbestos sheet. The whole apparatus was insulated with 

2" of expanded polystyrene. Fig. (4) shows the general 

layout while fig. ( 5  ) shows a section of the working 

section and sample holder. (s,- also pCS I3I) 

Air circulation and trgtment: 

Air was circulated by means of a fan driven by an 

electric motor (A) through a universal joint from the 

exterior of the tunnel. Motor speed was controlled by 

rheostat (B) on the control panel (C), giving windapeeds 

at the working section of 0-4000 feet/minute. Perfor-

mance figures are shown In fig. ( ). 
The circulating air was heated by a crossed element 

(D) in the asbestos section. Cooling was achieved by a 

double helical coil (E) of j" annealled copper tube In 

the asbestos section, which was cooled by pumping refri-

gerated industrial alcohol through It with a standard 12 

volt/ 



NS 350 VOLTS 

F 16 .4- :GENERAL LAYOUT OF LA6OlTORy MKROCLIMATIC EXPERIMENT. 
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FIG-4b LABO1ATORYMICROCLIMATIC EXPERIMENT. 



FIG. 5 LABORATORY MICROCLIrIATIC EXPERIMENT: SECTION OF WORKING SECTION AND SAMPLE HOLDER. 
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volt A.C. fuel pump (i) as used in motor vehicles. The 

refrigeration was carried out in an annealled copper coil 

immersed in a bath of undiluted ethylene glycol stored 

in the evaporator (G) of a 6 ouft. refrigerator unit, the 

latter being boxed in 2' expanded polystyrene. 

Air was dried by passing it over beds of calcium 

chloride suspended in trays in the flow (H)(gI,n experi-

ments without drying, the trays were removed, and a cur-

tain of muslin with capillary feed from a water tray was 

suspended in its place. 

To provide adequate mixing of the air after tempera-

ture control, a propellor (I) was introduced; eddy was 

reduced by vanes (j) at the bends, and by a perforated 

screen (Ic) at the start of the constriction to the work-

ing section. 

Control ot atmosDherio condittong: 

Temperature was measured with a Jumo-Shandon contact 

thermometer type J. 121 (L), connected through a normally 

open relay type GKT 10(M) and a transformer-rectifier (N) 

to the A.C. fuel pump. (F). On closing the circuit at 

the selected temperature, cooling was Initiated by pump-

ing refrigerated alcohol through the cooling coil. The 

refrigerated coil was continuously cooled, and control 

was limited to pump operation. In addition, a normally 

closed relay of the same capacity (0) was wired from the 

oontaot/ 



Plate 11: Beds of Calcium chloride suspended in trays 

in the flow We 





contact thermometer to the heating element (D) controll-

ing a mains supply to the latter. These two systems 

worked in alternation; heat being applied as soon as 

Cooling was switched off, and vice versa. Variation in 

temperature was not measurable on the contact .thermometer 

once a reading was set and equilibrium attained. 

Humidity control was not attempted on a continuous 

basis, since the experiment called only for a comparison 

of widely different conditions. Using either the CaCl2  

in trays, or wet muslin in the humidification section 

(P), two markedly dissimilar conditions were produced. 

Measurement of atmospheric humidity was made with a wet 

and dry bulb hygrometer (Q) in the air stream, the wet 

bulb being fed by wick from an external water reservoir. 

Measurement of windspeod was by hot wire anemometer-

the Hastings Portable Air meter (R). Caborn (1957) des—

cribed this instrument and its working as follows: (the 

meter) is designed for measurement of air velocity and 

static pressure by means of a sensitive thermopile and is 

particularly free of errors due to temperature variations 

(-200to 250°I'); radiation, lead resistance and bwaidity 

effects are negligible. The noble metal thermopile con-

tains six thermo-couples on coin-silver mountings fitted 

in a directional probe. The hot junctions of the thermo-

pile are heated by passing alternating current through 

them. The cold junctions are prevented from becoming 

heated/ 
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heated by lowering their rsiatwce ne1 by increasing the 

heat conductivity away from these junctions. A D.C. 

current is therefore generated between the hot and cold 

junctions of the thermopile. The A.C. beating power is 

separated from the D.C. voltage generated by the theo-

pile by the use of a half-bridge circuit. The D.C. volt-

age is generated across points of equal A.C. potential, 

thus eliminating effects of the A.C. heating current on II  

the D.C. voltage output. The flow of air by the thermo-

pile tends to bring the hot and cold junctions to the 

same temperature, thus reducing the output of the thermo-

pile. The voltage output is therefore a measure of the 

speed of the air flowing by the termopile. An indicator 

is operated from the thermal difference voltage generated 

by the thermopile. This instrument has two velocity 

ranges, 10780 ft/mm. and 750-5600 ft/mm. respectively 

and is equipped with three lvolt batteries." 

The probe (s) was inserted on a two way slide to 

allow infinite variation of placing for wind speed mea-

surement at the exit of the working section. Wind speed 

was controlled by rheostat in series with the motor, as 

outlined above. Pig. ( ) shows the straightilne rela-

tionship between wind speed and motor speed. The diamete 

of the probe made it impossible to get sufficiently near 

the wall of the working section to measure variation In 

wind speed due to drag at the surface; at speeds below 

500 P.p.rn.,/ 
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500 F.p.m., the variation 'in viind srac1 due o vriatie•n 

In motor speed was greater (up to 20 t.p.ni) than varia—

tion due to turbulence at any point in the working eeo 

tion, as well as variation due to different positions of 

measurement. At higher speeds, detectable turbulence wa8 

ruled out and wind speed varied very little, 

Detailed measurement of wind speeds were not made 

throughout the experiment, only checks being made to en-

sure stability in this respect. 

Co-Ilectina and inserting the panple: 

12 samples were collected weekly from the site selec 

ted in the experimental area at Rannoch by means of a 

corecutter (5 cm 	nd 15.5 CMS  jjj  length) which outs a core 

of 6.3 ems diameter and 11.3 ems in length. 

The corer, with an aluminium ring inserted in it was 

placed on the sampling site and forced down into the 

profile with 1600  turning motion from Bide to side. The 

core so cut, was very slightly smaller than the ring, and 

passed up through the cutter into it. The ring contain-

ing the core was then slid out of the corer, secured witl 

a polythene cover and taken to the lab. 

The sample core of litter and hums to be treated was 

In its aluminium ring of 6.3 ems diameter and 11.3 ems 

length. It was held In a cooled compartment at as nearl 

10°C as possible, by circulation of refrigerated alcohol 

through the double walled container, see fIg(4,5). The 

cooling/ 
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cooling coil and l volt fi.iel puip used, beiJAof t I. o 

same type as used for air cooling. Control was manual by1 

switch. The sample was inserted by raising the container 

On a 8crew.(fte tx) 

Samples were differently treated and then small oore 

were out from them for introduction into the extractor ir 

the manner used for field experiment. 



Plate 12: The eaxnple In Its aluminium ring held in 

the cooled canpartrnent. 





Elate 13:  Internal view of the windtunnel designed 

for the laboratory mIcroclimate experiment. 





I14: The wcrking section, the compartment for 

drying and humidification and the asbestos 

section before covering with polystyrene. 





Plate 15: Pxternal view of windtunnel (front). 



/ 



Plate 16: 	xternal view of windtu.nnel (beck). 
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P1ate1: The experimental area (Outside view). 
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human traffic through the wood was small and possible 

interference with equipment and conditions was minimised. 

(2) Flora:- 

There was a sparse ground flora Which changed rnarkedl3r 

with season and the thickness of the tree canopy. Table 

1 lists the plants recorded throughout the experimental 

period, according to the nomenclature of Clapham, Tutin 
	31 

and Warburg (1952), and Bryophytes from Dixon (1955) and 

Watson (igss). 

Table -I - j?lora of the exieriaientai area. 

(i) Flowering 11ants:- 

Urtica djoioa. L. Stinging Nettle. 

Qxalia aoetosella L. Wood-sorrel. 

Ribue ieus L. Raspberry. 

Viola canjna L. Heath violet. 

Iyosotj arvensls(L) Hill. Conmon :i'orget-me-not, 

Scorpion Grass. 

Veronica eharnaedrys L. Germander Speedwell. 

Ranuaculus  ret'ens L. Creeping Buttercup. 

Holcus lanatus L. Yorkshire Fog, 

liolcus nigfls L. Creeping Soft-grass, 

Dactyliegomeita L. Cok's-foot, 

Jgrosts canina L. Brown Bent-grass. 

Ohamaenerjon anguetifollum (L) Scop. Rosebay 4110w- 

herb, Ftrewee. 
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2i :tezidop ,- 11ljoales(J?errs):- 

Drjopter1s austriaca (Jaeq.) rJoynar. Broad Buckler. 

fern. 

_(3) Bzvropbvta (a) Mueci (Mosses) :- 

pnium hornum. Hedw. 

Eurynehtuui Drae]ongu (Hedw). Ftobk. 

Pplytrjhum fgrxrosum Hedw. 
P—laslothecium 	(Hedw) B & S. 

1agiotheiuzu denticulatuni (Iedw) B & S, 

3b) !etat1pae (Liverworts) :- 

Lthoco1ea gusp.data (Ness) L 

The above flora was net with in the experimental 

plots. In addition to the previous list, the following 

flora was found in the wood outside the plots since the 

latter was under lose shade resulting from lees ocaiplete 

canopy which allowed for more ground flora (plate12) ;- 

)_Fgwerjm Plants:- 

Di.gitalis-purDurea L. Foxglove. 

Gaijurn arine L. 	Goosegrass, Cleavers. 

Rhododendron ontipwn L. 

Luzula-Sylvatica (Huds.) Gaud. Greater Vloodrueh. 

cia 	gra agg. F & 5, Lady's Mantle. 

jxagaria vesea L. F & 5. 	Wild Strawberry. 

SanbUQUU1q L. F & S. 	Danewort, 

umex apetoaa L. 	 Sorrel. 

Lgnicerajerjplvrinenwn L. 	Honeysuckle. 

?ru.nejla vtzlgarjs L. 	 Self-heal. 



Platel2: The experimental area, (Inside view to show 
the thick vegetation avoided in selecting the 
experimental site). 
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Luzula Diloca (L) Jilltl. B & . Hairy ooc1rush 

(2) 

 

Tvloeses:- 

!,'Inivai undulatum Hedw. 

3 - boil Profile:- 

The soil of the experLental area is a brown forest 

soil of low base status. It can be described more 

critically as a crypto podsol. (Robinson, 1949). 'oil 

profiles were dug under the Soots pine trees in different 

situations and these showed the following: 

(i) A layer of litter from' :. to 	thick depending 

upon tie situation (Aoo). 

A layer of raw huirius from -- to 1" thick (Ao). 

A layer of dark grey brown silty loam showing 

traces of leaching (A) becoming slightly greyer with 

depth about 1" thick. 

A layer about 15" thick of light yellow brown 

silty loam, with stones and rocks Increasing in number 

with depth (B/C). 

Bedrock - a non-calcareous Ordovician shale, 

There was thus a distinct litter layer, variable 

in thickness, but little or no feruientatlon layer. 

4 - Geology:- 

The plantation lies on a carboniferous strata of 

various kinds with occasional, outcrops of andesite 

and basalt. 



Phvsioa].. conditions:- 

The Meteorological Station at Boghall Farm, which had 

been in operation since 1928, was closed down on July 1e. 

19549  and the same day a new station opened at Bush House, 

about 1 miles due south of Boghafl. The appended 28 

years suanary is thus derived partly from the i3oghal3. 

Station and partly from the Bush House Station:- 

28 - 

tation:-.

28- Year .Average, 1928-1955(IøIjv- 

B2ghall an.d Bush Stations, 

Sunshine:- 131.48 hours 
Rain:- 	31.1 inches 
Mean Air 	 o 
Temperature:- 46.2 F. 

iax. Air 
Temperature:- 52.1 F. 

Mm. Air 
Teaperature:- 4.0 F. 

.Prevailing:- 

_0I 

Depth Temperature 
411  444 p 

45.2 
0
P. 

it 46.1°F. 

2' 46.9 
0 

 F. 
47.7°F. 



MeteQrQ1ogical summary (1960) 

1960 	Jan. Feb. Mar. April May June July Aug. Sept. Oct. Nov. Dec. 

Pan Temp. 
F at 

9 a. m. 
(G.1.T.) 36.2 34.3 39.3 47.0 51.7 58.4 58.1 56.4 53.4 47.9 39.7 34.6 
Mean of 
Daily 
Maxima 40.9 41.3 50.4 54.0 61.5 65.2 62.9 58.0 59.1 52.2 46.1 40.5 
Highest 
Maximum 52.0 57.0 57.0 60.0 69.5 76.0 79.0 68.0 67.0 62.0 54.0 50.0 
Lowest 
Maximum 33.0 29.0 35.0 44.0 49.0 54.0 55.0 55.0 53.0 47.0 40.0 32.0 
Mean of 
Daily 
Minima 32.0 29.2 40.0 39.0 42.2 48.3 48.5 47.5 45.7 43.4 34.6 31.0 
Lowest 
Minimum 25.0 16.0 23.0 31.0 29.0 42.0 39.0 34.0 35.0 31.0 25.0 21.0 
Highest 
Minimum 46.0 42.0 46.0 46.0 50.0 59.0 55.0 55.0 54.0 51.0 43.0 42.0 
Days with 
Ground 
Frost 20 24 11 5 1 0 0 0 0 0 17 22 
Lowest 
Grass 
Temp. 20.0 15.0 23.0 26.0 24.0 38.0 37.0 36.0 30.0 26.0 19.0 17.0 



1960 	Jan. Feb. Mar. April gay June July Aug. Sept. Oct. Nov. Dec. 

Mean Boll Temp. 
at 9.a.rn. 	(a.M.T.) 

4 in. 3.2 34.2 35.7 44.7 52.4 59.2 .57.9 56.2 52.7 48.0 39.1 34.4 
8 in. 36.0 34.6 69.2 44.9 51.7 57.3 57.3 56.6 54.1 49.0 40.6 35.5 
1 ft. 37.0 - 30.3 45.0 51.8 57.9 57.3 56.6 54.0 49.1 41.2 36.2 
2 ft. 38.1 36.7 69.4 44.5 50.6 56.1 57.1 56.6 55.1 50.4 43.7 38.3 
4 ft. 40.2 38.4 39.4 43.1 48.3. 51.5 55.3 55.8 55.2 53.3 46.8 41.3 

Total Rainfall 
(inches) 3.22 2.71 1.58 1.17 1.17 1.25 3.17 	4.25 1.60 2.98 3.29 4.13 

Heaviest Fall In 
24 hours 0.58 0.51 0.45 0.38 0.48 0.38 0.60 	1.04 0.61 0.39 0.55 1.07 

Bright Sunshine 
(hours) 42.0 97.5 U0.3 112.9 134.1 179.4 104.0 17.5 113.4 38•3 53.4 31.6 

No. of days ground 
covered with 
SnOW 8 15 2 0 0 0 0 	0 0 	0 	0 	0 

Total Annual Rainfall 	 Total Annual 6unchine 
30.52 Inches. 	 1102.4 hours 
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Cli.xiate of period of study (1962 — 1963):-

(a) Temperature: 

(1) i\ii 	Temperatures of the air at 2211 , 44" and 88" 

levels and soil at depths of 1,2,3 ems were recorded 

weekly- throughout the experimental period. These records 

,'have been compared with the nearest permanent meteorology  

Station i.e. Bush He Station ( (GRID REF., NT (36) 

p49639) 0  Altitude 612 feet above sea level). 

If data for experimental area is now compared with 

that of the permanent station (Fig 7), it appears that, 

ocord1ng to the usual findings relating to air tempera-

ture inside woods (Touzney & Ioretian, 1947), the weekly 

iaxirnuxn temperature in the experimental wood, appears to 

be lower than in the open. On the other hand, tk-ie oleva- 

ion of the weekly minimum air teiperaturc, as noted by 

everal workers (Li, 1926; Pearson, 1914) did also occur. 

L2) -.,,Soil.  An examination of the graphs of mean weekly 

soil temperature records at Bush House (2" under bare soil 

(Fig 8) compared with the soil temperature records (ave-

rage of top 3 cLns) for experimental wood (Fig q), showed 

that in the experimental wood, there is a buffering of 

lhe fluctuations in temperature (c/p Tourney & Korstian, 

1947). These records taken from the soil for the experi-

mental area show the reverse gradient in soil temperature 

In winter and that the temperature only falls below fx'eez-

ing point on rare occasions compared with the open. 

The/ 
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FIG 4 MEASUREMEMENTS OF SOIL TEMPERATURE 

AVERAGES OF 48 WEEKLY READINGS (So WEEKS) 
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The ieciece of Pr , st, G -eere to be hicrh in v.rinter, 

partly because of the drainage of cold air from tris open 

canopy, and partly because the tree canopy is not suffici-

ently dense to act as a blanketing layer between the 

forest floor and the open sky. 

(b) Wind: 

The experimental area is generally well-sheltered 

agaInst north west and west-south-west winds, but exposure 

to south-west and south-south-west winds can be especially,  

severe, due to the dfleoting and concentrating effect of 

the high mass of the Pentlands. •trong winds can also 

emerge from the north-west throurh the Glencorse gap, and 

the area is very open to north-easterly and easterly wind 

frn the sea. The average wind speed recorded in the 

experimental wood differed from 0 to 6.5ft/Sc. and it is 

regretted that comparable measurements were not available 

in the open (P1gb). However, there is a suggestion that 

~he crowns of the trees may out down wind speed. Pig 10 

lso shows the effect of high wind on reducing the rela-

tive humidity of the air. 

o) Rainfail: 

The Bush Estate has a coastal climate, and In spite 

f Its close proximity to the mountains, the mean annual 

'a1nfall is only moderate. 

The annual rainfall for the year 1960, together with 

the value of the 	Year Average, 1928 - 1955 (Inclusive 

re/ 
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are as follows.,- 

1960 Total. 	 1928-95 Ayerage. 

30.52 inches. 	 33.1 inches. 

These observations and weekly totals (Fig $, provide 

a reasonably accurate picture of the rainfall in the 

experimental wood. June appears to be the driest month, 

while July, August, September and November are the wet-

test. 

The major parts of the precipitation usually fall in 

two periods; late summer (July - September); and late 

autumn (October - December), 

Then considering rainfall, the effect of the forest 

canopy must be taken into account. Much of the rain fa114 

ing is caught by the leaves and branches of the canopy, 

and may be re-evaporated dirct1y without r:aching the 

forest floor. A further proposition of the rainfall is 

caught by the canopy and runs down the trunks of the tree 

(trickle water), As much as 73,,o'of the total iaay be 

[intercepted by Scots pine (Tourney and Korstain, 1947). 

rfhe  duration of the precipitation is also important; for 

a greater proportion of a short sharp shower will penet- 

rate the canopy than a gentler shower of the same duration. 

However, once the precipitation has penetrated the canopy, 

subsequent evaporation from the forest floor occurs at a 

iuch slower rate, than from a coil surface outside the 

orest. However, Wind passing below the canopy through 

the/ 
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the forest instead of aove tieorst, 	j eus.e con- 

siderable evaporation from the soil. 

Droughts have a tendency to occur both in the late 

spring and in early eumer, when the forest floor may 

dry out to a considerable extent. .he magnitude of this 

effect in any particular year, will depend In the main, 

upon rainfall and wind intenaIt. 

(d) Relative humidity of the air: 

The relative humidity of the air at Bush L 

Station and experimental wood remains high throughout the 

year, usually in the range of 70 - 	R.H. There are 

some occasions in which It drops or rises than this range 

(Pig 7). 

From the evidence produced by Touuiey and i(orstian 

(1947), it appears that the relative huIdity Insider 

woods, is always greater by anything from 3 - 12 as 

compared with humidity outside the wood. There Is a 

suggestion that the crowns of the tree may out down wind 

speed and so minimise any decrease in humidity. A com-

parison was made between the relative humidity inside the 

experimental wood and that in the open (Pig 7) which gave 

the same information. The relative humidity inside the 

wood depends, of course, upon the proportion and Intensity 

of wind passing through the wood (eig1o). 

(-e) dater content and Relative humidity of the soil. 

Samples taken at weekly Intervals were weighed befor 

and/ 
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and after extracting the mites to detexine total mois 

ture content as .o of the dry weight. The graphs showing 

the changes of soil moisture content during the year 

(Fig 11) also show a good general correlation with rain-

fall (Fig 3). The exaggerated peaks of the late winter 

Of 1963 is due to the thawing of frost covering the 

samples at that time (Fig 8). 

In general, a high total moisture content, is onl yi 

maintained if there is a ltrig period of continuous preol.., 

pitation, for as soon as there is any marked decrease in 

the amount of rainfall, the moisture content of the 

samples is rapidly reduced. This may be also due to the 

effect of evaporation from the forest floor as the wood 

tends to be open below the canopy. In general, the 

gradient of moisture content is due to the fact that the 

fresh litter appears rather more resistant to the loss of 

water than the older and more fragmented litter, while th 

moisture content of the humus layer, is generally appreci.. 

lower than the litter layers, although Bone increase 

ido occur in summer when the top layer dries considerably, 11 

It is interesting to relate these field observations 

with the results obtained by the writer (1961) while 

Studying in the laboratory the relationship between mois-

ture content and the relative humidity of the pore spaces, 

~nd it was Shown that the relative humidity of the pores 

does not drop below lOOp R.B. until the water content 

ecreases/ 
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decreases to 2.0 - 50ij of 0/1) vie1git. 

Records of 'noisturo content in samples taken at 

weekly intervals throughout the study, suggest that 

humidity in the pore spaces rarely drops below lOO in 

the experimental area and this was Indeed confirmed by 

the actual measurements using the Edney Hygrometer (page 

fr) Sunshine: 

The average weekly sunshine In the Bush House Station  

recorded a maximum of 64 hours of total sunshine In the 

second week of June 1962 and a :iinirmini of 2 hours In the 

first week of January 1963, during the period of investi 

gatlori. It can be noticed that the peaks In air and Soil 

temperatures, and the troughs of the relative humidity of 

air, agree with the peaks of sunshine records. (Fig 3). 
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Description of the 2nd experimental area at 

The Black Wood of Rannoch, Perthshire  

Gifford (1963) described the experimental area 'The 

Black wood Is a primeval forest of Soots pine and Birch, 

of open structure. It is located on Sheet 48 (Loch ay) 

of the One Inch Ordnance Survey of Great Britain, 7th 

series (1956), the sampling area having nap reference 

561552, and lying at an altitude of 9501. The forest 

clothes the southern shores of Loch Rannoch, and has a 

northerly aspect. 

Geology: The Black wood lies on Banded peannitIo flagg 

gneisses of Molne type (Geological Survey for Scotland, 

Sheet 54, 1923), but the soils are dominated by deep 

glacial and fluvioglacial drift, which extends throughout 

the southern shore of the Loch except where secondary 

exposure has occurred. The soil is of variably developed 

glacial or fluvioglacial material, the zJcots pine forest 

commonly on Knolls of sandy material of considerable 

depth and free drainage. The sampling site vas in such a 

place. 

Vegetation: The site chosen for sampling had a closed 

canopy of pure natural Scots pine, and no vegetation was 

present other than this. But this is uncommon In the 

Black Vood, where tho open structure of the canopy has led 

to development of dense ground vegetation over the bulk 

of the forest.. This Is very variable, largely due to the 

interaction/ 
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interaction of local topograjy, drainage and the vege-

tation present, and the series has been described by 

Malcolm (1957) in a study of site degradation following 

disturbance of the forest. The Black wood lies in 

ClimaticSub-province B2e (Rannoch and Strathearn) of 

Anderson and Fairbairn's (1955) divisions. 

'Soil: The profile described was on the sampling site, 

with a northerly aspect, slope 40  and Is an Iron podeol. 

L OU.2"  Scots pine litter, closely matted. 

F 2"-3" Dusky red decomposing litter. 

H 3"-11 Black greasy humus, a few surface roots. 

A1  11"-16" greyish sandy loam, weak crumb structure, 

heavy organic staining, moist. 

A2 16"-19" Pale grey sandy loam, weak structure, 

many live roots, occasional rotting 

granite pebbles, moist. 

B 1911 -30" orange brown coarse sandy loam, very weak 

crumb structure, live roots present, 

rather stony, moist. 

o' on Light brown gravelly sandy Loam, without 

structure, very Stony, moist." 
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Chapter 6, 

Bush Work 

Seotioni. Iethode of statistical analysis. 

Statistical analysis was done at Alice Holt and N 

Heriot Watt College using the Ferranti Sirius Computer ii 

both places. 

During the sampling, it became clear that most of the 

measured mioroclirnatic characters, both below and above 

the litter surface, varied according to the depth (and 

height of meteorological instruments) of the sample and 

the time of sampling. In particular, the relative bumi.-I 

dity of the atmosphere and the temperature in the litter 

and air, showed a strong diurnal variation. 

The var1ationwith depth, for example, soil moisture 

content, could be described by its gradient" and its 

"stratification*" These terms were defined for any 

sample as:- 

gradient, g x 
2 

stratification, a = 	+ x1 -xm  
2 

where xu, Xm and x1  are the observed values in the upper, 

middle and lower samples respectively. Together with th 

meaLl value; i.e. 	+xm + x1); these terms provide a 

complete characterization of observed values. 

The diurnal variation In each of these three charac- 

teristics,/ 
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cLiaraeteristico, as 	to be adequately reresented 

by a sinusoidal wave, with a period of 24 hours. 

That is to say, a regression equation of the form:- 

T = a cos 211 (t + p.) 
24 

where t is the time in hours, was fitted through the 

values of the sample means, gradients and atratificatione 

respectively. The constants a and p in this equation, 

are the 'least squares' estimates of the amplitude and 

phase of the wave; the amplitude being half the diffe-

rence between the estimated values of the peak and tro 

of the wave; and the phase being the estimated time of 

the peak of the wave. 

The presence of these vertical and temporal variati 

was also suspected in the counts of the active mites 

found. 

To study the significance of these possible sources 

of variation; analysis of variance for soil mioroclirnati 

characters and counts of mites of various species, were 

computed in the following form:- 

Degrees gf freedom 

Sinusoidal variation of mean. 	 2 

Irregular 	0 

Average gradient. 	 I 

Average stratification. 	 I 

Sinusoidal variation of gradient. 	 2 

" stratification, 	2 
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legrees of frcedon 

Irregular variation of gradient. 	8 

'I 

 

stratification. 	8 

Between duplicate observations. 	24 

Total 	 47 

The relative magnitudes of the mean squares associa-

ted with these sources of variation reflect their Import-
l ance., and the mean square for differences between dupli-

Oats observations, is a valid estimate of the random 

sampling error. 

Because of the relationship between the standard 

deviation and the iaean of observed frequencies of mite 

species (Pigs. 16, 17) the counts were transformed by the 

equation # xl = log (x + 1) before application of the 

above analysis. This transformation has the effect of 

making the standard deviation less dependent upon the 

mean. 

A Similar form of analysis, was applied to the data 

on air temperature, relative humidity and wind speed, 

except that as duplicate readings were not made, an esti-

mate of error Is not available. 

The effect of the dry weight of the samples on the 

abundance of the various species, was studied by oomparIn 

the coefficients of variation between counts In duplicate 

samples before and after a proportionate adjustment to 

the/ 
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tie avrge dry weti. 	is vs doi-  ftr t 	ore 

abundant eight species (except X. nemoreneia and . 

caloaratue) and every fourth week. In 16 instances only 

there was an improvement, 33 made no difference and 55 

were even worse after the adjustment to the average dry 

weight. These unexpected results could be related to 

differences in the structure of the duplicate samples. 

For instance, one of the samples could be merely pure 

litter resulting in a light dry weight with perhaps large  

number of mites; while the duplicate could contain stone 

and broken twigs affecting the dry weight of the sample 

but with few individuals of mites. 

The effect of soil moisture content on the mite popugo 

lations, was studied by means of the regression equation 

Yl - Y 2 = a(m1  m) + b(m1 - z) iff + c(m1e) V + 

d(mi m,) . where Yl. Y2  are the counts in duplicate 

samples after the logarithmic transformation mentioned 

above, 

m1, m2  are the moisture percentages in duplicate 

samples and , E and ry are the average moisture percen-

tages, temperatures and dry weights in duplicate samples 

respectively, 

Such equations were calculated by combining data 

two consecutive weeks, but considering the data from 

different levels separately. Two further terms were in-

troduced into the equation, to allow for effects of othe 

differences/ 
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diererencs in soil i4orooiiin.ato botw•on wks. 

For all weeks, a calculation was made of the mean 

depth of each species of mites. To take into oonsidera 

tion the aggregation of the population (page q3 ) this 

was done by using the logarithmic transformation of the 

counts* Thus, for any species, the mean depth in a given 

week, was calculated from the tormula:. 

dQ.5xu+l.5xrn,+2,5xl 
xu + xtn + xl 

Where x1  = log (nj + 3), 1 = u, xa, 1. 

and nu#  nmo  nj are the counts in the upper, middle 

and lower samples respectively. 

This measure of mean depth is, therefore, roughly equtva 

lent to the geometric mean depth. 
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eetiozi 2. &tcroolimattc 	uciee. 

Results of the analysis of variance of soil data, 

revealed that there was a significant difference in the 

gradient of son moisture (Fig. ii) and soil temperature 

(Fig. 9). The gradient was always positive except for 

few weeks in summer for the moisture and except for most 

of the winter for the temperature. 

An analysis of variance was also carried out on the 

air records i.e. Air temperature, relative humidity of 

the air and wind speed, and the results were also signi-

ficant between times of measurements but not between the 

levels of measurements i.e. 22", 44", 88" (Fig. 12). 

Considering the time of maximum records of mtcrocliiltate 

(Fig. 11), it can be divided into twp groups: — 

I - The first group had its maximum between midday an 

5 o'clock in the afternoon; this includes: 

8ijL  temperature, air temDerature and wind speed, 

2 The second group had its maximum between midnight 

and 5 o'clock in the morning; and this includes 

retive humjdj1tj pf the air only. 

The fluctuations of amplitude in soil temperature (]i. 

9) revealed that day and night fluctuations in soil tIij 

perature were more significantly observed in the summer 

when the average soil temperature during the day was 

remarkably higher than during the night. This high ampli. 

tude in soil temperature during the simmer could be re-

lated/ 
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related to the high wflplitude of air temperature at this 

time of the year (Fig. 13). In the autumn, there was a 

considerable decline in the amplitude of air temperature 

which coincided with a decline in the amplitude of soil 

temperature. During most of the winter, the amplitude in 
soil temperature, could hardly be noticed. This could b 

related to the isolation of the soil from air temperature  

fluctuations due to the occurrence of frost, and to the 

lower amplitude of the air temperature in days clear of 

frost. 

In general, the fluctuations in the amplitude of the 

relative humidity of the air and wind speed, followed th 

same general trend of air temperature (Fig. ]3). 

DIcuesion 

In the present study, results of air temperature 

under the Soots pine canopy in the experimental area, 

agreed with the usual findings relating to air tempera-

ture inside woods (Tourney & Koratian, 1947). A compari-

son was made between data forxperimental area and that 

of the permanent station at Bush (Fig. 7). The weekly 

maximum temperature in the experimental wood, was lower 

than In the open and the elevation of the weekly minimum 

air temperature was also observed (Li, 1926; Pearson, 

1941). 

Another comparison was made between the soil !eLnpera 

ture measurements in the experimental wood (average of 

top/ 
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top 3 ems) (Fig 9) and the Lilean weekly soil temperature 

records, at Bush (2" under bare soil) (Fig 8). An examt-' 

nation of Pigs 3,4 shows the buffering effect of the SootB 

pine canopy on the fluctuations in soil temperature (C/f. 

Tourney & Korstian, 1947). 

H 	The Scots pine canopy was not sufficiently dense to 

prevent the occurrence of frost in winter In the experi-

mental area. 

The effect of the forest canopy must be taken Into 

account when considering soil moisture. Much of the ra 

falling Is caught by the leaves and branches of the 

canopy, and may be re-evaporated directly without reach-

ing the forest floor. Tourney and Korstian (1947) 0  esti-

mated the interception by Soots pine canopy to be about 

7á of the total. June appears to be the driest month, 

while the wettest period occurs in July, August, Septen 

and November (Fig. 8). 

The evaporation rate from the forest floor is assumedl 

to be much less than that from a soil surface In the open. 

The average wind speed in the experimental wood did 

not exceed 6.5 ft/Sc. However, wind passing below the 

canopy through the forest may cause considerable evapo 

tion from the soil. 

There is a suggestion that the crowns of the trees 

may out down wind speed and so minimise any decrease in 

relative humidity of the air. Tourney and Korstian (1947) 

discussed! 
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discussed this point and cae to the conclusion that the 

relative humidity inside woods is always about 31 

high-5r than that in the open. 

Results of the present study confirmed the conclu-

sions of Tourney and Korstian (1947) (Pig. 7). 

It could also be seen that, the wind passing through 

the wood affected the relative humidity inside it (FigjO). 

There was a general good correlation between rainfall 

(Fig. 8) and changes in soil moisture content (Pig. it). 

The latter was not only affected by rainfall, but the 

evaporation rate could have had some effect, as the wood 

was open below the canopy. 

The fresh litter appeared to be more resistant to the 

loss of water than the fragmented litter, The moisture 

Content of the humus was lower than the litter except 

sometimes in aumer when the litter dried considerably an 

coincided with a change in the moisture gradient. 



depti.on 	14ites popu1atonstudie; 

(1) Aggregated distribution and transformation of raw dat: 

Early workers have made the assumption that the 

populations of organisms being dealt with, had a random 

distribution. However, many ecologists more recently 

have shown that counts of samples do not confirm to a 

normal distribution but they usually haveakewed distri-

bution suggesting a non-random or aggregated population. 

This has been demonstrated in the case of many plants and 

animals particularly soil dwelling animals. 

Reference to this problem may be found in Salt and 

Rollick (1946) working onwire-wortna, Nielsen (1949) 

working with the Nematoda, Nielsen (1954) and O'Connor 

(1957) on the Enchytraeidae, Satohell (1955) on the 

Lumbricidae, Edwards (iss) on Symphylids, Glasgow (1939) 

Maofadyen (1952), Poole (1957) and Hughes (1962) on the 

Co11enbola. 

Although the Acari are one of the most common groups 

of terrestrial arthropods, little information exists on 

their pattern of distribution. Nef ' (1962) has shown 

that sample counts are distributed asyrwnetrioally about a 

mean suggesting that these animals are distributed in a 

non-random fashion. A similar situation was described b 

Atalla (1961), Hartensteln (1961) 0  Hayes (1962, Debauche 

(1962), and Hobart (Unpublished). 

In order to confirm the findings of the above authors 

the 
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the distribution of the counts of all species in the top 

layer (1 cm), was estimated and Ithe distribution of the 

counts of two species (Q. b1T41t6 and H. gibba) are given 

as an example and are plotted in figs 149  15. It will be 

seen that their distribution Is a skewed one and that 

there is an excess of low values or blanks and also an 

excess of very high values as coaipared with random expec-

: tatIOfl. This clearly suggest that the populations of 

these mites are aggregated or contagious (Greig Smith, 

195?). 

The variance: mean ratio or relative variance has 

been used as a measure of this aggregation. Clapham 

(1936) showed that in a randomly distributed population 

the relative variance is equal to unity and that values 

greater than one indicate an aggregated population. Table 

(2) shows these values worked for the 2 species of mites, 

An 20 occasions before the transformation of raw data. 

The significance has been assessed by the "t" test where 

t = Relative-variance 
Standard error of difference 

It will be seen that In all the cases the figures 

were significantly greater than unity. Further, It was 

Shown by Quenouille (1950) that the logarithmic trans-

formation is appropriate where the standard deviation 

Increases with the mean (see figs 169  17). This was 

tried for all species with the same results and hence-

forth! 
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henceforth all data for further statistical work were 

changed Into log (x + 1). 

Discussion 

A complete understanding and Interpretation of popu-

lation census data is Impossible without a knowledge of 

the density pattern of the organisms in the soil. A 

check should be made on the pattern of distribution and 

if a skew distribution is to be found, the data should 

Table (2): Values of relative variance for the two 
species of mites. 

C. bipilis 	 U. gibba 

Ratio t Significance 
of 

Aggregation 
- 

I Ratio 
M 

t Significance 
of 

Aggregation 

2.23 3.41 

-- 

xx 5.35 12.08 xxx 
2.02 2.83 x 5.45 12.36 xxx 
1.80 2.22 x 4.69 10.25 xxx 
2.00 2.77 x 2.92 5.33 xxx 
1.88 2.44 x 5,45 12.36 xxx 
3.16 6.00 xxx 4.03 8,42 xxx 
2.15 6.19 xx 2.16 3.22 xx 
2.61 4.47 xxx 2.32 3.67 xx 
2,87 5.19 xxx 3.13 5.92 xxx 
2.32 3.63 xx 4.57 9.22 xxx 
1.80 2.22 x 3.93 8.14 xxx 
2.17 3.25 xx 3.75 7.64 xxx 
2.75 4.86 xxx 2.59 4.42 xxx 
7.24 17.33 xxx 2.24 3.44 xx 
7.17 17.13 xxx 3.26 3.50 xx 
6.25 14.50 xxx 310 5.83 xxx 
2.67 4.63 xxx 2.37 3.81 xx 
9.09 22.77 xxx 3.92 8.11 xxx 
2,57 4.36 xxx 2.79 4.97 xxx 
4.62 10.55 xxx 2.23 3.42 xx 

lin the top layer (16 aarnplesj 

15 111.05 t =2.13 S.E, of difference =V=V'1-I=0.36 
.01 t =2.94 	 15 

P.001 t =4.07 
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transformed t.o give a ne:r-nor,a1 distribution as, unless 

this is done, the results of the statistical tests 

carried out are of negligible value. In this work the 

skew distribution of the sale data imply an aggregated 

distribution of individuals in the populationand the 

relative variance figures for the 2 species of mites 

samples show that they are highly aggregated (Table 2). 

Glasgow (1939) 0  Maofadyen (1952) and Poole (1957) 

have shown that the populations of soil Collembola are 

aggregated. Glasgow suggested that the aggregations are 

of the region of a root in diameter; Maofadyen obtained 

a significant relative variance for several mites and 

Collembolea. 

Edwards (1955) observed that the distribution of 

armphylida through the soil was aggregated and he auggea 

ted that these aggregations may be due to combinations of1 

a variety of factors such as aoll structure, soil moisture 

capacity, organic status and breeding groups. 

Satehell (1955) in his work on the ecology of earth- 

worms in an exprimenta1 grass field at Rotharnated found 

that several species, particularly the very active sur-

face-living . castaneus, (Savigny) were commonly found 

concentrated around old dung-pats or similar food sources 

A highly aggregated distribution of soil Enchytraetda 

have been shown by Nielsen (is) and O'Connor (1957). 

Allee at al (1949) show that the aggregations confer 

advantages/ 



advantages on the individual and that ti.iere are optimum 

sizes for aggregations. It appears therefore that most 

of the animals may be aggregated. 

Poole (1957) suggested that tLiis patchneee in the 

distribution of soil animals could be explained by 

various factors, such as the grouping of the eggs, the 

selection of the sites that are particularly favourable 

because of local conditions such as microclimate, food, 

etc; and the direct attraction between individuals. He 

suggested that a combined effect of several environmental 

factors is probably responsible for aggregations. 

It is reasonable to suppose that the positions of the  

soil mite aggregations are probably determined by a 

combination of favourable environmental factors. 

(2) Vertical di 	utpn Of mitegs 

A 	Djual vaatipn: 

The counts of the nine more abundant species observed 

each week were subjected to analysis of variance of the 

form given in page 84 • 

Any regular diurnal variation would be indicated by 

large 'mean squares' for the sinusoidal components of 

variation, relative to the 'mean squares' corresponding 

to the irregular terms. When no regular migration 

occurred, the sinusoidal and the irregular terms sLiould 

have 'mean squares' of roughly the sane magnitude. On 

the! 
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the basis of the whole year's aesulte for 

each species, it was clear that for no species was there 

a strong regular diurnal variation. For each species, 

the sinusoidal term exceeded the irregular term as fre-

quently as it fell short. 'flits demonstrated that if 

there was any daily migration of mites, it could only be 

an Irregular one. Regular  diurnal mtoro'.olImatio changes 

did not therefore appear to have any effect on the 

vertical distribution of species of mites. 

A comparison of the 'mean squares' corresponding to 

the irregular terms with the 'mean squares' for duplicate 

observations, tests the significance of any Irregular 

variation with time there may be. :hen no such migration 

occurred, thece mean squares should all be of roughly the 

same magnitude. Again, on the basis of the whole year's 

results, there was little evidence that irregular daily 

migration occurred, for again the 'mean squares' for 

irregular variation fell short of that between duplicates 

about as often as they exceeded It. This seems to suggesi 

that the irregular changes In nioro.olimate occurring 

during a day, have no effect on the vertical distribution 

of species of nites. (Appendix) 

'B Seasonal changes:- 

B (1) Seasonal variation In the mean depth of mites:-

As mentioned before, the mean depth for any species 

In a given week was calculated from the formula., 



q$ 

dO.5Xu+l.5Xm+2.5l 
Xm + Xl 

where xi = log (nj + 1)0 1 = u,m,].. 

and m, rim, ni are the counts in the upper, middle and 

lower samples respectively. 

The mean depth Is a reflection of the vertical dis—

tribution of mites. Fig 18 shows the fluctuations In 

depth of mites during the year of sampling. 

The vertical migration of all species of mites was 

marked in winter. It also occurred in suer in some of 

the MesostigmatI4, but it was not noticeable in the 

Oibatjds. The vertical migration to the lower layers in 

winter could be related to the very low temperatures 

forcing the mites to migrate from the upper layer and to 

the blockage of the pre spaces by frost in the upper 

layer preventing the mites from returning to this layer 

las long as It Is frozen, whereas In swnmer , it could be 

due to the drought conditions prevailing in the upper 

layers at this time of the year. 

Vertical migration of some Mesoetigmatld mites was 

more or less correlated with the moisture gradient of the 

soil in swnsner. Fig II shows that whenever there Is a low 

or negative soil moisture gradient, It generally oolnoide$ 

with a deeper mean depth of the Meeoetlgmatl.d mites which 

means more vertical migration and more penetrating of 

~mites into the lower layers. 

The/ 
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The peak of soil moisture gradient in the first week 

of March shown in fig II, is actually a false peak which 

was due to the thawing of frost, covering the upper 

layer, in the extractor. 

Mesostigmauds:- 

A V. nemprensis - This species has the predatory habit 

appearing in the upper strata Quite abundantly. It had 

a very narrow zone of distribution within the litter, 

Its mean depth did not exceed 1.5 cm* except once. The 

vertical migratiofl in winter and Sumer was clearly 

Observed. 

E. robustus This species was one of the most con-

centrated in the fermentation layer. The mean depth was 

narrowly zoned within this layer, never exceeding 1.5 cm 

or being lees than 0.7 cm. It seemed to be less affected 

by the seasonal microolimatic conditions compared with 

the other species of Mesoetigmata, 

rninim 	This species fluctuated remarkably in 

Its mean depth, and appeared sensitive to seasonal micro-

climatic conditions. The winter and Bummer vertical 

migrations to the lower layers were clearly noticed. The 

mean depth fell to 1.7 cm during one period of three week 

In the winter and to about 1.5 cm during short periods in 

July, while during moat of the spring and autun It was 

only about 0.9 cm. 

E. oatrinus The mean depth of this species also 

fluctuated/ 
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fluctuated remarkably during the year. Vertical migra-

tion to the lower layers was noticeable for short Period! 

in winter and swer. Its penetration was slightly 
greater in summer and lees in winter than that of Q. 
mlntniis. For the rest of the year, it remained about 

0.9 am. 

(2) Oribattds:- 

A — C. hitlis — In general, this species seemed to be 

restricted to the upper layers. The mean depth never 

exceeded 1.5 cm, and on a few occasions the species was 

entirely restricted to the upper layer. The vertical 

migration to the lower layers could be noticed in June 

and July. There was also a distinct vertical migration 

in the last week of February and this might be due to the  

very low temperatures forcing the mite to migrate from 

the upper layer and to the occurrence of frost at this 

period blocking the living space of the mite in the upper 

layer; thus preventing it from returning to the upper 

layer as long as it Is frozen. 

B — H. gibbs — The mean depth of this species was always 

less than 1.4 cm. Its vertical migration in winter was 

noticeable. It penetrated deeper in winter than 

btilis, but the situation was reversed In sunrner when 

Q. b1pI1is penetrated deeper than Ho gI1ba. It might be 

that fl,  gjbb, was more susceptible to the cold than Q. 

— Ph, iiger -/ 
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C Pb. tther - The aean depth of this species was con- 

atantly greater than Co biiUs and . ibba. It was 	 s  

almost restricted to the fermentation layer and condi- 

tions in this layer seemed to be sufficiently stable for l, 

this species. The fluctuations in mean depth around 1.0 

cm were email throughout the year and no seasonal effect 

was really noticed. 

D -  0. calcarata This species was more widely dietribu 

ted than the other species. Its mean depth fluctuated 

erratically between 0.5 cm and 1.8 cm but there was a 

clear vertical migration to the lower layers throughout 

the winter. The mean depth for the summer months as a 

whole was about 0.8 cm and for the winter months about 

1.2 cm. 

E 	OpT4a stp. The vertical distribution of this genus 

was clearly deeper than the other species. This might b 

due to its very email size allowing it to penetrate deeper 

into the lower layers. Its mean depth was never less 

than 0.8 cm and never more than 1.4 cm. This is a com-

paratively small fluctuation and it may be due to the 

differing migrations of the oonstuent species of the 

genus, or, because of the large numbers counted, to the 

small sampling errors involved. The effect of seasonal 

microclimatic conditions on this genus was little. The 

winter months as a whole showed a mean depth for this 

genus of 1.2 cm while for the summer months it was near 

to/ 
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to 1.0 cm. 

B (2) Seasonal variation in the gradient of mites;- 

The above consideration of the vertical distribution 

of the species of mites in terms of mean depth, suffers 

from the disadvantage that the sampling errors vary with 

the total numbers of individuals of each species counted 

each week. It is therefore not easy to distinguish bet-

ween a real vertical migration and a fluctuation due to 

chance, This is especially true of the less abundant 

species. The effect has also been noted above in the 

discussion of the distribution of 0ia sppe which gave 

by far the highest counts, and hence the least sampling 

errors. This disadvantage is overcome to some extent, by 

discussing the vertical distribution in teens of the 

gradient, i.e., half the difference between the counts 

(after the logarithmic transformation) in the upper and 

lower samples. It can be seen that the gradient is 

equivalent by this definition, to the mean depth weighed 

y the total number of individuals in the sample. 

From this consideration, it seems worth while to 

heck the fluctuations noticed in the mean depth for 

eneral correspondence with equivalent fluctuations in 

radient of mites. 

Fig 19 shows the seasonal variation in the gradient 

pf the different species of mites. It Is quite clear 

that, generally the gradient was higher In spring and 

Butuznn,/ 
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autumn, and lower in the suer and winter, which agrees 

with the results for iiiean depth in which vertical migra-

tion was often noticed in suiuner and winter. 

One of the smallest gradients occurred in the first 

week of March, which coincides with the vertical migra-

tion due to the very low temperatures forcing the mites 

to migrate from the upper layer and to the blockage of 

pore spaces by frost in the upper layer preventing the 

mites from returning to this layer as long as it Is 

frozen. 

The troughs occurring in the first week of July and 

the. first week of September, are duo to the low numbers 

observed In these weeks (See fig 2.1) 

The peaks and troughs in the gradient of mites gene-

rally followed the peaks and troughs in the gradient of 

Soil moisture, except in the first week of March when th 

peak In gradient of soil moisture was a reflection of th 

thawing of frost in the extractor. The gradient of soil 

moisture seemed to affect the gradient of the Meostig-

matid mites more than the Oribatids. 

The summer drought, and the very low inter tempera- 

ures forcing the mites to migrate from the upper layer 

together with the blockage of pore spaces in this layer 

by frost preventing them from returning to It as long as 

it Is frozen seem to be the factors causing the vertical 

migration of mites. 

Considering.,' 
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Considering the different species of mites, it could 

be seen that all species of the Mesoatigmata were affec-

ted by the gradient of soil moisture. This was not the 

case in the Oribatids; and Q. palpax'ata was lees affected  

by the moisture gradient than Qia app, £. Diner and H. 

ibba. 

B (3) Seasonal variation, in the stratification of njtes: 

As the gradient of the vertical distribution is 

determined by the observatirne in the upper and lower 

samples, it oits the information provided by observatioa 

In the middle sample. If any species is widely distribu. 

ted,tt could be assumed that the frequency in the middle 

sample, would be intermediate between that of the upper 

and lower samples. If, however, a species has some very 

specialised habitat, the observations of the middle sampl 

could be nearer one or other of the extreme layers, or it 

may actually exceed or fall short of both. In such a 

case, the distribution could be considered as more or 

less Stratified. 

Stratification can be defined as tuhe difference bet-

ween the average of the observations from the extreme 

layers, and the observations from the middle layer. High 

Positive stratification accompanying a positive gradient, 

would imply a population restricted to the upper layer, 

while a negative stratification would imply a concentra-

tion in the middle layer. 

Ft g/ 
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Fig o (a,b) shows the seasonal variation in the 

stratification of the different species of mites. It is 

quite clear that the stratification was generally positiare. 

That is to say, nriost of the species of mites were res-

tricted to the top layer especially in the autumn and 

spring. 

Migration to the middle layer occurred mostly in 

winter and summer. This could he related to the very I 

temperaturca forcing the mites to migrate from the upper 

layer in winter and to the blockage of pore spaces by 

frost in the upper layer preventing the mites from re-

turning to this layer as long as it is frozen and to 

drought prevailing in the upper layer in summer. 

Considering the different species of mites, it could 

be noticed that Q. biDilisagreed with Van der drift's 

(1951) findings who showed that it was almost restricted 

to the top layer throughout the year. On the other hand, 

Oppia spp. migrated to the second layer more often than 

other species of mites. This could be related to its 

smaller size allowing it to penetrate deeper. Migration 

of Cnia app, was also observed in autumn, when other 

species did not show any tendency to migrate to the aeco: 

layer. It is regretted that this genus was not identified 

to its species; since each species could have had its 

specific reactions. 

Dlscuasj on 
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In the present study, the figures illustrating the 

variations between the vertical distribution of the 

different species of mites, showed that each species had 

a characteristic vertical distribution. Poole (1957) 

made an investigation of the vertical distribution of the 

I  Collembola in the soil profile, and showed that tiIe was 

also characteristic for each family. 

The present work has given numerical evidence of 

these ecological differences, and showed that most speci4 

are intermediate in their vertical distribution suggest—' 

lag that they are adapted to an intermediate position in 

the profile (around 1.0 cm, i.e., the P layer). This 

agrees with the findings of most workers. Haar1v (1955) 

observed that the greatest numbers of mites occur in the 

fermentation layers Eaton and Chandler (1942) found that 

the greatest number of mites always occurred in the 

samples composed of litter in process of fragmentation or 

in samples in which such litter was included. In deis—

Fogh's study (1948) on the vcrtioal distribution of mites 

and Collembola, he showed that a high proportion of micro-' 

arthropods occurred in the upper 1 cm in his grass—herb 

aitee. His figures ranged from 57-'81 In the top 3. cm, 

to 1.1 	in the 4—'5 cm zone. Schaller (1949) found 

that the abundant species of his Collembola were most 

common in the F layer, slightly less so in the H layer of 

his profiles which supports the view he took on feeding 

habits./ 
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habits. Riha (1251) noticed tiaut tie 	layer of iaer 

Calcareous Brown Loam was the most densely populated. 

Van der drift (1951) showed that most of his Ox'lbatei had 

their optinmm in the fermentation (Px) layer of the aol]. 

profile. He related this to the boat conditions of sus-

tenance offered by this layer, since the litter has a]... 

ready been broken down into small parts and there are 

many mould hyhae present# some species had their greatest 

density in the litter (Fe and Fl layer) and those were 

chiefly the rather larger Species such as Platynotku'us 

ltifer (Koch) and Ceratqpja bipl1Is (Herm) which was 

also noticed in the latter species In the present study. 

Dhilj.on and Gibson (1961) noticed that among the mites, 

the Rh dacgrldae were exceptional in being most numerous 

at the lower levels, while RhtzpgTjnhus e2hlnoDu6 and the 

ar2sIti6ae, were the most strictly limited to the upper 

layers. Atalla (1961) observed that Q. cassidea . 

minimue and , peltifer, extended down as far as the 

first Inch of the soil. 	P. acromius was mainly recorded 

from the liter and Q. gracillLes, Q. elonatua and Q. 
dentatue were also shown to have a very narrow zone of 

distribution within the litter. Hayes (1962) found that 

Oribotritia loricata occurred largely in the litter and 

the top of the fermentation layer, although appreciable 

numbers were present in the iwer half of the humus layer. 

Hpploderma maznum, Phthiraea'ua piger and H. spjnp. 

were/ 
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were Shown to occur predominantly in the litter and uppe* 

part of the humus layer. Recent work by Woodring and 

Cook (1962) has shown certain Oribatid mites feed upon 

fungal hyphee, and these are probably absent from fresh1y 

fallen litter, but occur in large amounts in the fermen 

tation layer. Gifford (1962) calculated mean depth for 

three Veigalaid mites in two related sites as follows: 

Species 	 In Stz'ice 	In Mo1inietn 

Sal 	 MMMS 

Vneworensia 	 1.646 	 0.936 

V-trgisisa1ae 	1.611 	 0.543 

V-oez'vus 	 0.245 	 0.290 

He therefore condemned the grouping of even closely 

related species of one genus in ecological studies and 

assumed that studies of species ecology must be directed 

to the species individually. It is of interest to note 

that in the present study the mean depth of L iemorensie 

In Soots pine litter fluctuated around 0.31 0.26 cme. 

Peachy (1963) showed that the vertical distribution 

of the Enchytraeidae (Oligoohaeta) was very superficial, 

most of the wormn being concentrated in the top 2 cm of 

the soil core, especially in the A0L + F layers, where 

present. 

The present investigation also revealed that there 

were no marked vertical migration of all the species in 

spring and autumn. They only occurred in all species in 

winter,/ 
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winter, and also in uir in species of esostinata 

which could be related to their susceptibility to desic-

cation. It might be, therefore, that the summer drougut, 

and the very low winter temperatures forcing the mites to 

migrate from the upper layer together with the blockage 

of pore spaces in this layer with frost preventing them 

from returning to it as long as it is frozen, were the 

controlling factors influencing the vertical migration of 

mites. It is of interest to note that vertical distribu-

tion of Colleabola was shown to be subject to seasonal 

changes in Glasgow's (1939) observations; Cn,rohiurua 

axnbulans was plentiful near the surface in spring and 

autumn, whilst in suuer and winter, it was more abundant 

deeper down, Rtha (1951) observed that the "W' layer in 

her Rendzina, and the 'F layer in the Calcareous Brown 

Loam, formed the refuge from suer drought and winter 

cold. Van der drift (1951) found that in times of 

drought, many of the litter forms migrated downwards and 

certainly the greater part of the n1croarthropodS were 

found in the lower layers. il. 1ttfer appeared to be 

less sensitive to desiccation and was more numerous in 

the drier layers of the litter. Oilltha ap. (V. Fleyden) 

which had its optiimim in the F1 and Fx  layer disappeared 

from the upper layers, but an increase in the lower layer$ 

was not demonstrable. Karpinnen (1955) working 

Ca4aiidae, showed that changes in temperature and huaai- 

dity,/ 
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humidity, particularly in winter, produced vertical 

migration of his species. Viallwork (1959) found that a 

decrease in mite numbers in the litter occurred in winter, 

and the humus population was more than double that in th 

summer. Adults of some Species of Oribatids apparently 

moved down into humus as the litter became frozen; otber3 

did not re-distribute themselves in the profile, but 

survived and increased in numbers in both litter and 

humus; a third group showed a reduction in numbers with 

no increase in humus population. Nile Tarraa.4iahlberg 

(1961) demonstrated the dependence of the Teotooepheus 

velatus community on the physical environment, causing I 

to move downwards during the autumn, and to a certain 

extent also during hot days. Peachy (1963) showed that 

nchytz'aeidae was driven deeper by cold or drought. Sig i, 
nificant changes occurred from time to time in the verti-

cal distribution of almost all the species of mites and 

Collombola in Dhillon and Gibson's (1961)study, but sbowe 

no seasonal regularity. These changes took place at 

depths where soil conditions were comparatively stable, 

and could not be related to any variations in the soil 

moisture, teLq 	pHt or organic content. They 

suggested that in the soil of fully-established grass 

fields under British climatic condition, temperature and 

humidity are likely to exert an overriding Influence only 

near to the surface and ttt, at lower levels, the numbers 

and/ 
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and distribution of Acarina and Col].embola, are more 

likely to be determined by the cumulative Influence of 

email changes in several soil factors. No seasonal effect 

Ion the mean depth of Ph. Riper was noticed in the present 

work. Hayes (1962) did not note any obvious seasonal 

differences in depth distribution of the Phthtracartdae. 

He concluded that the vertical distribution of the 

Ththiracaridae In soil, seemed to depend upon many factors;  

e.g. present or absence of suitable food, size of and 

relative humidity of the pore spaces, etc. Gifford (1962) 

found that seasonal Influence was not significant with 

regard to the depth of his three species of Veigalald 

mites mentioned before (page '09 ) 

The present study revealed that diurnal variation in 

microclimate did not appear to have any effect on the 

variation in numbers of mites In the different layers of 

the upper soil profile. This could be due to the fact 

that diurnal fluctuations in microclimate under Soots 

pine canopy were not critical to the mites. 
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(3) Seasonal variation in the distribution of mite s. 

Considering the Mesoetigmata curves in fig* 21#  it 

can be noticed that they exhibited an autumnal peak. 

Thereafter, the numbers declined during the winter. It 

can also be seen that the lowest population occurred in 

summer. 

On the other hand, the Oribatid curves did not show 

a quite clear situation. However, the peak of the 

Oribatid population seemed to occur in spring. 

All species exhibited peaks and troughs which were 

roughly the same. It is interesting to note that they, 

more or less, followed the peaks and troughs of soil 

moisture, 

Discussion 

Although it is difficult to draw general conclusions 

with regard to seasonal cycles, it is interesting to 

compare the time of maximum populations with the findings 

of other workers, 

Most workers have found peak populations in the winter 

months, although Krull (1939) found that the Oribatid 

mites were more abundant in spring than in winter, and 

Rtha (1951) recorded a minixl population in winter and 

summer while a maximum was observed in spring and autumn. 

Sheals (1957) found that the highest population of adult 

Oribatsi occurred in October and February, and the lowest 

in/ 
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in Dcce.z. ?wo 	ks in Lhe curve of abundance of 

Oribatid mites were noticed by Gaadorf (1960), one 

occurred in the spring and the other in the autumn. 

AtaUa (1961) compared the influence of humidity on 

the survival of mites with their seasonal frequency curve. 

He noticed that P, ieltifer, Li. gi.bba, C. cassidea and 9. 
mintxaa which were found to be very susceptible to 

drought, had their peaks in autumn and winter when the 

Soil was more moist and less liable to dry out. Ile also 

noted that both P. biDiUs and 9,  graciljpes had their 

maximum in summer and that they both showed considerable 

resistance to drought. 

It is quite clear from the records of the five 

Oribatide and three Mesostigmatids, in the present study 

that peak populations of the different mites occurred at 

different times. The Mesost1nata exhibited an autumnal 

peak and their minimal population occurred in summer. 

This agrees well with the findings of Atalla (1961) work—

ing on 9. iUni-toig and 9. casstdea. 

The Meaostitjd mites were found to be very sus- 

ceptible to drought in the writer's experiments (1961) on '  

the Influence of humidity on the survival of mites. It 

Is Interesting to note that they had their peaks in 

autumn and winter when the soil was more moist and less 

liable to dry out, 

On the other hand, C. bipilis had its maximum In 

spring/ 
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spring and summer and Atalla (131) also 	orvc1 a 

summer maxima in 2. bioi.jj, The variations in the popu-

lation of q, bimilis over the year of sampling, showed a 

general similarity in form to the soil temperature curve 

for the year. In the present study, .!* gibba had two 
peaks; one in spring and the other in autumn. Although 

this species was found to be sensitive to the humidity 

and had its peak in autumn and winter in the writer's 

work in 1961, yet in the present investigation it exhibi-

ted low population in winter which could be related to 

the very cold winter of 1963 and to the blokage of pore 

Spaces by frost. The present results of H. gibba agrees 

with Riha's (1951) findings. 

Two peaks in the curve of abundance of Q. 2a1e0rat 

were noticed in the present work; one occurred in the 

spring, and the other in the autumn. This agrees well 

With Riha'e (1951) and Gaedorf's (1960) findings, The 

~ JUPla Spp. had its peak in spring and were more abundant 
in spring than in winter which agrees with the results of 
Krull (1939), P. ijg,r did not show any real seasonal 

fluctuation and Hayes (1962) came to the same conclusion. 
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cot ion 

Ragrgeol  

Thre 

on the ci 

it 

the counts (after loarithrnic transformation,) in 

dulioate, smplee, 

The form of the regression equation has already been 

given. 

2* 

ly samPles and the 1ndendont variables were 

extracted fron, the soil 4icro-p1rnatip data, 

The form of the regression equation was: 

Yl =a + btj + Ctgj + dft + OWgj + Thij + gfllgj 

where Yl is the moan depth of a species for the ith week. 

1, wi and ml are the average values for the Itli week of I 

the temperature, dry weight and moisture content taken 

over all three levels in the litter, and tgir w, and 

are the average gradients for the ith week of tempe-

rature, dry weight and moisture content in the three 

levels. 

3. The dependent variable was the mean depth in week 

1v sarnples and the independent variables were 

derive6 Lrm  the air and soil n4croolimattp. data. 

The form of the regression equation was: 

Yl * aet + btij + 



Ii' 

wh. re i 	d wi  have 	sa,,ae 	ning a above, el is a 

measure of water vapour stress at the litter surface in 

week 1, and h1  is a measure of the net energy income at 

the litter surface in week I. 

ei was derived from Penman's Ea* by the relation: 

4SIope of 	 a)..(l) (2)=4 + saturation 	 A+1 A, +l...(3)) vapour 	 7 (2)Jii -4= el pressure at Ta. 
Oonatant of 
vet and dry 
bulb hygrometer 
equation 

all the data necessary for the calculation of Es being 

available from the measurements of soil and air micro-

climate. 

hi was calculated from the relation: 

hi 	li,  

Here h' is equal to the day length multiplied bt the 

number of hours of bright sunshine during the day of 

sampling, This was used as the beat available value 

proportional to Penman's quantity H. 

1. The first of these types of regression equation, 

has been calculated for a few pairs of weeks in each of 

which counts from samples in the top level of the litter 

and for the eight most abundant species were used. For 

the weeks studied by this regression eauation, no con—

vincing trends have appeared. The reason for this is 

attributable partly to the rather small number of dupli—

cates/ 
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duplicates (ic) on wLii&i each equation was based., and 

partly to the large sampling error. 

* The Penmen formula 1962:- 
= 	+ Es) / (..+l) mm day Where 

day. 

It was thought that combining data from more than two 

weeks would introduce other variations between weeks 

which would interact with the effects of the Independent 

variables included In the equation. 

2. The second type of regression equation has been 

calculated for all the ten species. 

The symmetric matrix of correlation coefficients 

between the Independent variables of this equation, Is 

as follows: 
- 
t 	tiz 	w 	WA 	 m 	miz 

t 1.00 

4. 	r\ £4XX 	, 
10 	 .00  

0.30 0.08 1.00 

w  0.39 0.23 0.25 1.00 

0.6c 	-0.43 —0.601X  0.51 	1.00 

mg 0.64 	—0.49 —0.44X1  0.23 	0.88 	1.00 

x = significant at the 5,ia level, 

XX 	 l; level. 

A few points shown by this matrix should be noted: 

(a) The average soil temperature Is highly corre1ted 

with the soil temperature gradient, and the average soil 

moisture! 
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moisture content is even more highly correlated with the 

soil moisture gradient. Average dry weight is not sig-

nificantly- correlated with the dry weight gradient. 

Soil moisture content and soil temperature are 

strongly- negatively- correlated and Schubert (1930) found 

that the amount of warming of the soil by radiation, 

depends in the first place upon the water content, and 

in general, the heating is inversely proportional to the 

water content. Blanc (1958), cited flaborland as coming 

to the same conclusion (page 	). Soil moisture content 

and dry weight are almost as strongly negatively corre—

lated, Poole (1957) discussed this point; to use his own 

words, he said "The negative relation between the weight 

and moisture content, is probably due to the amount of 

mineral soil inadvertently gathered with the humus, or 

to the proportion of mineral matter in the humus. As the,  

mineral particles have a higher density and hold less 

water than the humus, any increase in the proportion of 

mineral particles would result In an apparent decrease in 

the percentage moisture content of the humus." 

Average temperature and average dry weight, are sig-

nificantly but not highly positively correlated. 

In view of those features of the correlation matrix 

of independent variables, the following table of total 

correlation coefficients between the mean depth of the 

ten species and the six independent vriab1es may be 

interpreted./ 



C. blpl].is H.glbba 0.calcarata 1,1192E Qppja epp. V.nernorcn O.rninirnua Lostrt P.robus H.calca 
ste ntis tue ratus 

0.04 -0.16 _040XX ..044XX _0,32X -0.09 -0.43 -0,1 01 

tg 0.00 0.06 -0.20 -0.22 -0.13 0.00 -0.25 _0•30X -0.26 -0.04 
-0.17 -0.52 -0.35 -0.5e -0.46 .035XX 048 -0.59 -0.15 

wg 0.25 0.18 C.35XX O.,33x 0.40xx 0,13 0.23 0.21 O.WX 0.26 
rn -0.16 0.33x 0.32x 0.45x 0.34X0.19 0.34 0.25 041 0.14 
Mg 0•34X 0.19 0.19 O.29 0.14 0.16 0.28X0.16 0,30X 0.05 

x = significant at the 5 	level xx = significant at the 3,j level 
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There is obviously a close agreement between the 

effects of these soil factors on the mean depth of the 

various species of mites observed. Only g. bjilis shows 

a response not common to the other species. This species 

seems to be primarily influenced by the moisture gradient, 

favouring the surface layers when this gradient, normally 

positive, is greatest, i.e, It seeks the damper layers of 

the litter. fill other species appear most strongly 

Influenced by the average dry weight of the samples, 

seeking the surface in the denser sample. As the sample 

dry weight has been shown to be strongly negaLively co-

rrelated with moisture, this could account for the posi-

tive correlation of the six species; II. Ilibba. 0, calca-

rpta, i DIfer, Op4a snr., Q. uiinin.ts, and i.  robustus  

with the average soil moisture. 

Since the average dry weight of the samples Is not 

affected by the microclimate; It Is of Interest to examine 

the effects of microclimate adjusted for constant average 

dry weight and constant dry weight gradient on the mean 

depth of Zaites and this can be done by means of the 

partial regression coefficients following: 



Constant Coefficient Coefficient Coefficient Coeffiel- Coeffici- Coefficient of t of tg of w ent of wg 	ent of in of mg 
C.bipilis 8419 -0.33±0.58 -8.6+7,1 11+3.9 15+8 -0.19+0,24' -0,63+.40 
H. gibba 80+22 -0.27+0.67 7.4±8.2 424,5X -1+10 0.18±0.28 -0.28+.46 
O.caloarata 106+28 .1.77+0.81,-X 1.1+10.8 -11+5.9 14+13 -0.11+0.37 .0.26+.60 
P.piger 98+15 -0.93+0.47 -0.7+5.8 11+32xx 4+7 0.00+0.20 -0.23+.32 
Oppla epp. 114+12 -0.49+0.37 -0.3+4.5 -6+2.5 7+5 0.04+0.15 -0.29+.25 
V.nemorensjs 81+26 -0.03+0.86 3.0+10,5 -11+5,7 8+12 -0.25+0.35 0.41i-,56 
0.m1nirie 106+24 -1.72+0.76 -2.0+9,4 _17+5,2xx 

9±11 -0.42+0.32 '  0.27±.52 
E.ostrinue 97+26 -0.08+0.81 -0.6+9.9 _21+5•4xx 13+12 -0.33+0.34 0.26+.55 
P.robustus 106+12 -0.35+0.38 -4.6+4.7 11+2.6XX 7+6 -0.12+0.16 0.02+.26 
II.calcaratua 92+39 -1.48+1.64 8.6+16.4 -08+9.3 24+19 -0.27+0,92 0.12+1.04 

x = significant; at the 5 level xx = significant at the 1,j level 
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In the 'cofltaflt' colu.n, 	ecan dpi over iic 

whole year is given with the standard error of this .aean 

derived from the residual mean square of the regression 

equation. '.2he variations in uean depth of V. nemoreneja 

and H. oalcarats appear entirely random, for the re-

gression equation for these two species, brought no re-

duction in this variation. dl species however, agree 

in the negative 'artial regression ooeficient of the 

average dry weight, and In most instances t4s Is signi-

ficant. dl species also agree in the negative partial 

regression coefficient of average soil temperature, but 

this is only significant for 0. calcarata and 0. mlnimus. 

The last column shows negative partial regression co-

efficients of soil moisture gradient for species of 

OxIbatidae, while those for species of Jiesostigrnata are 

positive, though, as none of these regression coefficients 

are significant individually, the exact correspondence o 

the sign of the coefficient with each group, may be 

largely coincidental. 

3. The third type of equation, gave the following partial 

regression coefficients: 



Coefficient of el Coefficient of 
(water vapour stress) (net nergp income 

C.bipilie 4.6+7.0 -0.070+0.13 

H.gibba -4.2+6.5 -0.079+0.12 
O.calcapata -211+8.8 .0.350+0.16x 

P.piger -5.7+4.7 -0.114+0.09 
Oppia spp. 9.3+3,7x 0.052+0.07 
V.nemorensia 1.1+8.7 0.018+0.17 

0. m1ninis -13.9+7.8 -0.038+0.14 
.o8trinus 14.4+7.7 -0.204+0.14 

P.robustue -3.9+3.8 -0.081+0.07 
Ii. calcaratus 1.4+13.2 -0.145+0.24 

Coefficient of 

-4.7+3.6 

-13. 2+i.4XX 
-ll.8+4.6x 

-11.3+2. 

-5.8+1.9 xx  

-9.8+4. 

-13.3+4.0  

-19. 2+4. O 

-9.4+2.0 xx 

-8.5+9.2 
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The standard errors derived from the residual mean 

squares of these equations, agreed closely with those for 

the second type of equation. It is evident, that after 

adjustment to a constant average dry weight, the water 

vapour stress and net energy income have no marked influ—

ence on the mean depth of the species of mites in general., 

Discussion of all these results is given in the 

introduction to the following chapter, which describes 

laboratory experiments carried out to give more precise 

information on the effect of particular components of 

environment on vertical distribution. These were carried 

out on the basis that intrinsic diurnal activity rhythms 

could not be demonstrated, and could therefore be ignored' 

in the study. 
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chapter 7 

Rannoch Work 

Section 1. Introduction 

On the basis of the Bush results, no regular or 

irregular diurnal variation in vertical movement was 

evident for any species of mites. Therefore, diurnal 

rhythms of vertical movement were ignored in the experi-

mental work designed to determine the Influence of clima-

tic effects on the vertical movement of mites. 

Due to the low numbers of mites counted In the 

samples collected from the experimental area at Bush, the 

laboratory experiment was based on samples collected from 

the rich Rannoch Black Wood forest to give more adequate 

numbers. Another step was taken by developing the 

extractor and this was achieved as described before. 

A comparison was made between numbers of mites 

extracted before and after developing the extractor and 

table ( 3 ) shows that there was a considerable mi-

provement in numbers of mites after developing the 

extractor. 
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Table 3 : Comparison between numbers of 

mites extracted before and after 

the development of the extractor. 

i'otal Oribatids (inolud- 	Total Mesoetigmata 
ing juveniles) 

Before After Before -fter 

Top.Mid- Low Top Mid- Low Top Mid-Low Top Mid Low 
dlç die die die 

26/11 168 84 24 818 526 219 87 32 11 13 23 11 

17/12 211 40 18 659 577 158 84 21 9 50 42 30 

14/1 33 35 13 1776 209 63 27 22 11 83 27 10 

21/1 153 123 76 795 294 110 30 34 24 57 26 ii 

28/1 163 72 57 555 269 145 54 35 13 41 27 12 

4/2 134 80 13 438 299 107 38 87 11 39 34 15 

11/2 170 45 7 1413 231 69 71 24 4 43 19 6 

Total 1032 479 208 6254 2405 871 391 205 80 326 198 95 

+ 	 ach figure is the total of 16 samples. 

Another comparison was made between other workers 

findings and results of the present work (Table 4 ). 



Table 

Habitat Grass Beech 7ood Vacciniuin +Cothill Molinia fen Scots pine 
'plain' heath litter 

(Rannoch) 

Author eis-1ogh Van der J'1orslund Maofadyen Atalla 
Drift 

5 cm depth 3 cm depth 

Tc&l Molinia Deschampcia Junous 	 - 
-3 

Microarthropode  

(Numbers of 27.0 4.0 131.2 157.1 	104.0 27.9 	57.0 
individuals In 
thousands per 

Lit 	re) 
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Maofadyen (1c52) discussed the results of other 

workers in relation to his findings: e1s-Fogh's figures 

are low, and although the fauna may be a poor one owing 

to drought In euwruer and flooding in winter, this may not 

be entirely due to the habitat studied; the use of the 

original water-Jacket type of Berlese funnel seems a 

possible season for low figure, and the methods of taking,  

samples with a cylinder from which they were ejected by 

means of a plun,er would also cause low results. 

Van der Drift's figures are quoted In terms of volumes 

of the different soil layers, but he also calculates a 

correction factor for conversion to an area basis; this 

has been used here. The very low figures are interesting 

and not completely unexpected from beech wood; the effi-

ciency tests which Van Der Drift carried out with his 

extraction apparatus, although not completely convincing, 

do show that the low yields are reasonable. 

Forss].undis another author whose figures are ex-

pressed in terms of volume; he gives approximate depths 

of the layers for all but the Fo layers and the figures 

in the table are to this extent uncertain; the example is 

his richest sample. Other areas have faunas as lw as 

28* of the figures given. The full depth of the samples 

was approximately 10 cm. It is evident that few of the 

habitats under review are comparable with Cothill fen 

and it is difficult to decide to what extent low figures 

are/ 
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are due to poor extraction technique; in general, however, 

and in the light of limited experience in other areas, it 

appears that the tussock fauna at Cothill is an excep-

tionally rich one as regards density of Individual micro-

arthropods. Even the Juncus subnodUlosue fauna seems to 

be as rich as that of most of the other areas considered, 

so that the fen as a whole appears to have an unusually 

dense population. It Is particularly unfortunate that 

most of grassland studies omit the Acari, or are only 

concerned with the major groups as a whole," 

It Is reasonable to conclude that the total number 

of rnicroarthropods In the present study after development 

of the extractor compared with other workers results 

Indicates Its efficiency. 

The Bush work also revealed that sinusoidal and irre-

gular diurnal micro-climatic changes, did not chow a clear 

effect on the vertical distribution of species of mites. 

Some explanations could account for this:- 

The diurnal fluctuations In air microclimate under 

Scots pine canopy were buffered, 

The almost saturated air and very low wind speed caused 

least evaporation from the soil. 

3 The buffering effect of the cots pine 	on fluc- 

tuations in soil temperature. 

4- the litter and humus were saturated throughout. How-

ever, the Bush work revealed the dependence of mites 

ru.vnbera/ 
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numbers and mean depth on climatic factors. The iJesos 

tigmatid mites exhibited an autumnal peak and their 

minimal population occurred in summer in all the species. 

They were also found to be very susceptible to drought in 

the writer's experiments (1961) on the Influence of 

humidity on the survival of mites. Although the Oribatid 

mites did not show a quite clear situation, yet most 

workers have found peak populations in autumn and winter 

when the soil is more moist and less biable to dry out. 

Some Orjbatid species have considerable resistance to 

drought and their maximum occurs In summer (Atalla, 1961), 

Poole (1957) also suggested that aggregation of soil 

animals could be due to the selection of the sites that 

are particularly favourable because of local conditions 

such as microclimate. 

In the Bush work, the correlation coefficients bet-

ween the mean depth of the ten species of mites and the 

soil factors; i.e. soil temperature, soil moisture and 

soil dry weight, revealed that there was a close agree-

ment between the effects of soil microclimate and dry 

weight on the various species of mites observed. Only 

Ceratoppia bipilis showed a response not conmiion to the 

other species. This species seemed to be primarily influ-

enced by the moisture gradient, favouring the surface 

layers when this gradient, normally positive, th greatest 

that IS to say, it seeks the damper layers of the litter. 

This/ 
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This can be related to the high humidity required by this 

species as was shown by Thor(1930) and Riha (1951). i11 

other species appeared most strongly influncod by the 

average dry weight of the samples, seeking the surface in 

the denser samples, and penetrating deeper in samples 

with loose structure. This agrees with the findings of 

Volz (1934) and Poole (1957) on Collembola, Riha (1951) 

on Cribatidae; Von Leuthold (1961) and DhiI].on & Gibson 

(1961) on mites and Collembola. All species also agreed 

in the negative partial regression coefficient of mean 

depth on average soil temperature, but this was only 

significant for Oribatella caloarata and Qlodiacue minimal 

It could be that the decrease in soil temperature induces 

the activity of the mites in the soil profile especially 

in the latter two species. Thus, during the winter, when 

the average soil temperature drops, the activity of the 

mites in the soil profile increases and vertical migration 

takes place. 2his agrees with the observations of Dainton 

(1954). 

To provide basic information on the current numbers 

of the mite population in Rannoch., a set of sixteen 

samples at three depths was taken weekly for seven weeks 

and treated in the improved extractor. The results of 

this extraction are tabulated in appendix ( A ). 

Parallel studies on this site (Usher, unpublished 

data) have shown that the correlations between pore space 

and 
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and dry weight are of a high order: 

O-lcm4(Top_layer): Correlation Ooeffio1ent=_0.7119X 

1-2ome(Iid.dle_layer): 	 -O.946 

2-3cms(11,2ttoin 	): 	 09377XXX 

D.P=30 

This information was used to test the correlation 

between mean depth for various species and distribution 

of pore space in the 3 ems deep coro. Ttie distribution 

of mass in the 1,iaiaple was calculated from the same for-

mula used for calculating mean depth of mites; i.e. 

d = 0.5xu+1.5xm+2,l 
xu+xin+xl 

where xul Xmp  x1  are the dry weights of mass In the 

upper, middle and lower samples respectively. 

The correlation of these was tested for different 

species of mites and for the total Oribatids (Including 

juveniles), total juvenile Oribatel and total theaosttgmata 

with the following results: 

Total Oribatel (Including 
juveniles) 

Oribatide juveniles 

Total esostigmata 

T. velatus 

P. peltifer 

0. ornata 

0. neerlandica 

Correlation Degrees of free-
Coefficient dom 

	

0.02 	104 

	

0.058 	104 

	

C.194 	92 

	

0.009 	85 

	

0.191 	57 

	

0.153 	39 

	

0.047 	50 
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Correlation 	Degrees of free- 
Coefficient 	dom. 

0. miniuzus 	 0.411 	 34 

Significant at 5,o level. 

These results show that although there is a tendency 

in all the cases for the distribution of mites to follow 

the distribution of dry mass, yet it did not reach the 

level of significance except for Q. rninimus. 

Another correlation between mean depth and total dry 

weight of the core was tested with the following results: 

Correlation Degrees of free-
Coefficient dom 

Total Oribatet (including 
juveniles) 	-0,183X 104 

Oribatids juveniles 	 -0.123 	104 

Total Mesostigmata 	 _0•345m 	92 

T. velatus 	 _0.266X 	85 

P. peltifer 	 _0.266x 	57 

0. ornata 	 .0.164 	39 

0. neerlandica 	 -0.179 	80 

0. mthtia 	 ._0.373x 	34 

* Significant at 5 level. 

ie+ Significant at 0.3 level. 

It can be seen that in all the cases, there is a sig-

nificant negative correlation with total dry weight 

(except for 0ribatid juveniles and for both Oppia Spp)e 

It could be that a compact sample does not allow species 

of mites to penetrate deeper in it; whereas they can 

penetrate/ 
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penetrate deeper in a loose sample. Total icsosiiginata 

were most affected by the compactness of the core. One 

should not give much attention to this highly significant 

correlation since the components of total Mesostigmata 

(aamasids and Usopodids) are entirely different. Oribatids 

Juveniles, Oppia ornata and 0. neerlandica were not 

affected which could be related to their minute sizes. 

Seasonal variation in the mean depth of species of 

mites was tested by the analysis of variance due to the 

seven dates of saLapling. This is tabulated as follows: 

T. velatus 
Mean 

.0. D.,?. Squares V.R. 
Between dates 3.78 Th 0.63 	4.5O XIX 

Residual error 15.09 0.14 
Total 18.87 111 0.17 

P.peltifer 
eafl 

B.C.S. J).'. Squares V.P. 
Between dates 2.27 6 0.38 1.90 

Residual error 15.36 78 0.20 
Total 17.63 84 0.21 

0. ornatg 
Mean 

S.C..... D.. Squares V.P. 
Between dates 4.73 C,  0.79 2.63 

Residual error 21.1 72 0.30 
Total 26.34 78 0.33 

O.neerlandtca 
Mean 

S.O.S. D.F.Squares V.P. 
Between dates 12.35 6 2.06 

Residual error 19.67 73 0.27 
Total 32.02 79 0.41 
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0,minimus 
can 
guares 

Between dates 	4.37 	6 	0.73 	2.14 

Residual error 20.83 620.34 
Total 	25.20 68 0.37 

x Significant at 5,o level 	xxx Significant at 0.1. 
level. 

It seems therefore that variation in mean depth of 

mites can be attributed to compactness of the core, di-

tribution of pore (to some extent) and to seasonal varia-

tion in environmental conditions. 



Section 2. Factorial Experiment 

Due to the lack of observed diurnal vertical mobility 

in the field work at Bsuh, it was decided to set up a 

factorial experiment designed to separate the various 

components of microclimate at the soil surface, In labo-

ratory- conditions. 

It was found necessary to build a simple apparatus to 

produce controlled wind speed, ambient temperature and 

humidity at the surface of an undisturbed core taken from 

the rich Rannoch Black Wood forest to give greater 

potential nwubes. Solar radiation was not investigated at 

at this stage due to technical problems. 

Samples were subjected in the wind tunnel described 

earlier (page 42 ) to an air flow of different tempera-

tures and humidities for different periods and the wind 

speed was kept constant at 18 miles per hour. 

Four different temperatures (i°, 150C, 2000  and 

250C) were used both under dry conditions and near satu-

ration. Periods of treatment were 4 hours for half the 

number of samples and 8 hours for the other half, water 

loss from the samples was calculated every hour and the 

residual water as of dry weight was estimated by the 

difference of wet and dry weights after the completion 

of extraction (Table 5 )and C OMP-" A with unretJ mpILs(Tk 



Table 5 :Factoria1xperiment 

dater loss from saiples subjected to different treatments 
For every Sample treated In the dry experiment. 

S  

Sample dater loss in grains for every hour S.D. TO 	, 	Residual iater+ 

Number 1 2 3 4 5 6 7 8...12iillibar 0C 0-1cm 1-20m 2-3cm 

1 6.20 5.60 4.90 4.40 22.6 25 51.06 78.09 124.51 2 6.60 6.10 5.80 5.10 45.03 126.11 142.18 3 5.60 5.20 5.00 4.50 62.68 115.56 130,73 4 4.75 3.75 3.60 6.50 3.45 3.20 3.15 3.10 38.69 138.07 188.44 5 5.12 5.00 4.20 4.10 3.02 2.50 2.30 2.20 24.73 105.47 149.71 6 5.30 4.65 6.60 3.50 3.45 3.20 6.0 3.00 26.09 131.30 180.37 7 2.48 2.3.2 1.90 1.70 14.4 20 164.88 1c9.04 278.93 8 2.37 1.97 1.44 1.22 187.69 272.54 287.99 9 3.84 2.80 1.67 1.40 134.67 238.61 231.23 10 4.05 3.15 1.0 1.80 1.76 1.67 1.55 1.30 63.36 137.19 223.61 U 3.08 2.12 2.10 2.10 2.10 1.21 1.12 0.65 71.46 182.94 280.17 12 3.55 3,0 2.63 2.37 2.00 1.90 1.50 1.20 69.83 161.05 166.76 13 3.20 2.10 2.00 1.70 10.4 15 29.79 277.39 287.62 14 2.80 2.20 1.00 0.80 249.20 226.03 251.21 15 3.50 2.40 1.25 i.co 214.99 26.91 226.15 16 2.38 1.90 1.80 1.77 1.75 1.70 1.65 1.60 155.75 221.73 243.09 17 3.38 2.12 2.00 1.90 1.70 1.60 1.50 1.40 230.15 298.07 284.97 
i 2.50 2.40 2.08 2.02 1.80 1.50 0.85 0.65 243.83 257.74 242.82 192.25 1.35 1.00 0.70 6.4, 10 269.42 249.75 210.09 



Table 5  :Factorial Experiment (Continued) 

Sample Vlater loss in grams for every hour 	8.1). T0 	Residual Water* 

Number 1 2 3 4 5 6 7 8 	Mlllibar0C 0-1cm 1-2cm 2-3cm 

20 2.95 1.13 1.10 0.97 6.4 	10 	285.06 293.44 268.28 
21 3.12 1.80 1.15 1.00 287.8 277.18 291.27 
22 2.63 1.80 1.03 1.02 1.00 0.90 0.87 0.85 	 296.32 301.09 327.19 
23 3.15 1.60 1.50 1.4C 1.00 1.00 1.00 0.90 	293.98 226.55 308,4 
24 3.75 2.75 2.10 2.00 1.35 1.25 1.05 1.00 	295.38 279.49 303.31 

+]3aaed on net dry weight 



For every sample treated in the wet experiment 

Sample ater loss in grams for every hour 	 $.D. 	To 	Residual 'ater 

Number I 	2 	3 	4 	5 	6 	7 	8 iiilliber °C 0-lam 1-2cm 2-30rn 

1. 1).50 0.40 0.40 0.4 1.0 25 	293.07 220.28 264.10 
2 0.50 0.50 0.40 0.40 223.41 207.96 219.53 
3 0.60 0.40 0.40 0.40 197.03 182.43 193.02 
4 0.50 0.50 0.40 0.40 0.20 0.20 0.20 0.20 363.45 325.34 334.71 
5 0.50 0.50 0.40 0.40 0.25 0.25 0.25 0.25 326.43 299.75 297.23 
6 J.3) 0.30 0.30 0.30 0.3) 0.3i 0.30 3.2) 298.19 264.59 250.08 
7 0.40 0.30 0.30 0.20 1.0 20 	2.47 222.13 287.34 
8 3,50 0.50 0450 0645 237,94 231.12 207.36 
9 0.34 0.30 0.20 020 289.49 234.44 262.89 

10 0.50 050 0e40 3.40 0.30 0.33 0.23 0.2.1) 257.88 241.88 136.48 
11 3.43 0.40 0.40 0,3) 0.20 0.20 0.15 0.15 219.26 195.51) 199.15 
12 0.50 0.50 0.50 0.40 0.40 0.40 0.20 0.20 270.21 209.02 185.91 
13 0.1 ).21) 0.20 040 ]so 15 	542 .4 6 541.69 507.54 
14 0.33 3,30 0,20 0,20 243.38 281.52 28.89 
15 0.3i 0.30 0.30 0.25 371.31 371.56 294.40 
16 0.33 0.33 3.30 0.20 0.10 0.10 0.10 0.10 327.58 385.99 353.26 
17 0.31) 0,630 0,30 0.30 0.20 0.20 0.10 0.10 293.89 262.47 278.64 
18 0.30 0.30 0420 0420 0.20 3.10 0.13 0.10 393.75 328.58 397.75 
19 0.20 0620 0420 0420 1.0 TO 	339.89 317.09 306.79 
20 0.20 0,20 0623 0415 291.28 297.28 282.22 
21 0.10 0I0 0.10 0.10 275.74 258.96 287.39 
22 .40 0.20 0.2 0IO---0.40 0.0 -0-44) 291.33.- 2147 255.4-q- 
23 0.10 0.10 0.10 0.10 0.10 0.10 

55.85
23 0.10 0.13 375.79 351.32 227.12 
24 0.13 0.10 3.10 0.10 0.10 3.10 0.10 0.05 574.36 403.87 447.46 

+ Based on net dry weight 



Table 	i ot g2jetUe content (as % of dry weight  ) in the untreated oaai1es 

8p1e Nuiber 
,n_ 	 - - 	 - 	 - 	 -- week iayer 4 5 

cm 
(1) 0-1 233.48 296.48 286.59 327.61 372.95 254.29 

1-2 226.15 250.98 281.35 320.29 346.1 216.29 
2-3 226.36 224.64 294.95 332.93 360.87 32.57 

() 0-1 485.05 656.65 394.11 362.37 322.& 483.78 
1-2 417.13 312.66 360.11 332.49 281.59 464.76 
2-6 435.38 307.68 6716.19 307.55 29.17 548.19 

 0-1 368.56 225.15 230.11 269.55 385.07 293.35 
1v2 327.08 222.76 226.15 203.49 381.22 217.60 
2-3 418.32 224.07 319.62 221.54 346.69 15.64 

 0-1 221.76 696.48 394.79 465.37 415.06 440.49 
1-2 159.5 509.79 359.21 455.64 37470 421.19 
2-3 297.85 39-9.71 464.34 458.92 512.01 589 

 0-1 381.48 418.78 338.27 273.74 309.45 310.74 
1-2 371.01 357.48 328.85 282.10 309.12 293.83 2-3 455.67 502.17 394.20 242.85 446.40 259.36 

 0-1 332.82 245.53 271.15 222.82 236.29 329.88 
1-2 251.55 226.28 244.51 215.00 215.08 280.63 2-3 205.53 240.65 262.56 308.15 257.96 211.79 



Sample Number (Cotjjrnj) ______ 
seek Layer 1 2 3 4 5 6 cm 
(!) 0-1 282.30 468.20 488.68 562.73 393.60 372.03 1-2 273.21 418.30 488.56 563.47 391.07 307.11 2-3 292.61 555.40 549.73 620.71 456.44 361.16 
(8) 0-1 257.35 285.05 256.65 274.90 285.o2 23.12 1-2 257.46 217.13 22.66 239.50 281.21 226.97 2-3 254.89 235.38 207.68 206.28 292.43 262.08 
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Differences in the mean depth of species of mites 

were tested by the analysis of variance due to the diffex'ent 

temperatures, different humidities and different periods 

of treatment. The results are tabulated as follows: 



P.lapporiious S.O.S. D F Mcap Sguares V.R. 
Between Temperatures  5.80 1.93 Mxxx 
Between Humidities  5.11 1 5.11 56•77m 
Between Periods  0.45 1 0.45 

Interaction (AB) 3.53 3 1.19 
Interaction(AC) 0.52 3 0.17 1.88 
Interaction (BC) 0.01 1 0.01 0.].]. 
Remainder 3.41 35 0.09 
Total 18.88 47 

V'DQMOr2nSjs  
S.O.S. D.F. Iegn Squares V.R. 

Between Temperatures A) 4.55 3 1.52 52.16w Between Humidities) 6.26 1 6.26 
Between Periods C) 0.52 1 0.52 

Interaction (AB) 2.38 3 0.79 6.58xx  
Interaction(Ac) 0.23 3 0.08 0.66 
Interaction (BC) 0.02 1 0.02 0.16 
Remainder 4.54 35 0.12 
Total 18.50 47 

Z • zelawlensls 
S.O.S. D.F. Mean Squares V.R. 

Between 2ernperatures  5.25 3 1.75 
Between humidities  5.86 1 5.66 195.33x 
Between Periods  0.54 1 0.54 l8.00 XXX 

Interaction AB) 2.80 3 0.93 31,O0' xx  
Interaction AC 0.03 3 0.01 0.33 
Interaction BC) 0.12 1 0.12 4.00 
Remainder 1.05 35 0.03 
Total 15.65 47 



P. r'adl.atus 

m1nutus 

ainiinuo 

0.3. D.P. ean $Quares V.R. 
Between Temperatures 	A) 5.03 3 1.67 
Between Hwniditiee  6.66 1 6.66 31.71m 
Between Periods  1.00 1 1.00 4.76x 
Interaction AB) 1.78 3 0.59 2.80 
Interaction AC) 0.03 3 0.01 0.04 
Interaction BC) 0.65 1 0.65 3.09 Remainder 7.54 35 0.21 
Total 22.69 47 

Between Temperatures  
S.0.. 
4.80 

D.F. 
3 

ean Squaree V.R. 
20.0 1.60 

Between Humidities  6.54 1 6.54 81.75c 
Between Periods (0) 0.24 1 0.24 3.00 Interaction (AD) 3.94 3 1.31 16.37m 
Interaction(AC) 0.09 3 0.03 0.3? Interaction (BC) 0.14 1 0.14 1.7 Remainder 2.02 35 0.08 
Total 18.67 - 

D.P. Mean 6guarer i.R. 
Between Temperatures A) 5.45 3 1.81 11 xxx Between Humidities 5.89
Between 

5.89 1 
Periods C 

~ B~ 
1.24 1 1.24 13.77c 

Interaction AB) 1.35 3 0.45 5.0,oxx  Interaction AC) 0.22 3 0.07 0.77 Interaction BC) 0.01 1 0.01 0.11 Reminder 3.16 35 0.09 
Total 17.32 47 



pe1titer 

C.blDilis 

T. velatus 

S.O.S. D. F. Mean Squares V. R. 
Between Temperatures A) 4.04 3 1.34 26.80 xxx 
Between Humidities B) 1.15 1 1.15 23.O0'° 
Between Periods C 

C!-441 
0.44 8mXX 

Interaction (ABs 1.07 3 0.35 700XX 

Interaction (Ac) o.og 3 0.03 0.60 
Interaction (BC) 0.10 1 0.10 2.00 

Remainder 1.85 35 0.05 
Total 8.74 47 

3.0.3. D. F. Mean Oquares V.. 
Between Temperatures i 4.16 3 1.39 15 441xx-" 
Between Humidities B) 3.15 1 3.15 35.00 xxx 
Between Periods C) 0.30 1 0.30 3.33 
Interaction AB) 2.71 3 0.90 10.00'° 
Interaction AC) 0.02 3 0.01 0.11 
Interaction BC) 0.01 1 0.01 0.11 
Remainder 3.30 35 0.09 
Total 13.65 47 

S.O.S. D.. Mean 3guares V.R. 
Between Temperatures i) 2.39 3 0.79 
Between Humidities 0.85 1 0.85 761XX 

Between Periods 
~ B) 
C) 0.32 1 0.32 2.61 

Interaction (AB) 1.53 3 0.51 4.63 xx 
Interaction (AC 0.15 3 0.05 0.45 
Interaction (BC1 0.01 1 0.01 0.001 

Remainder 4.05 0.11 
Total 9.30 47 



3.C.:T. D.. 	en auaros 
Between Temperatures ( 4.61 1.53 
Between Humidities  3.76 1 3.78 
Between Periods  0.33 1 0.33 
Interaction AD) 2.34 3 0.78 
Interaction AC 0.04 3 0.01 
Interaction DC) 0.43 1 0.43 
Remainder 3.20 45 0.09 
Total 14.73 47 

C. ornata 

0. neerlardç 
., 	jean Laiai'ee 

Between Teaperaturee  1.38 
Between Humidities  4.83 1 4.83 
Between Periods (a) 0.59 1 0.59 
Interaction AD) 2.39 3 0.79 
Interaction AC) 0.05 3 0.01 
Interaction BC) 0.05 1 0.05 
iemainder 2.80 35 0.08 
Total 14.87 

P. pigez' 
b.0.. D.P. ilcan square 

Between Temperatures A 4.09 T 1.36 
Between Humidities 7.09 1 7.09 
Bet- eon Periods 0 

~ B~  
0.27 1 0.27 

Interaction (iB) 2.05 3 0.68 
Interaction  0.01 3 0.003 
Interaction (Bc) 4.12 1 4.12 
Remainder 1.09 35 0.03 
Total 18.72 77- 

17.25xxx 
60.3 

• 
g• 87XXX 

0.12 
0.62 s jo t r, 

\T ) 
V 

75-."53xxx  
236. 9.c9xx 
22. 66x= 

0.10 
13?. 33XXX 
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Discussion 

The mobility of mlcroarthropods in the organic soil 

profile is governed by their food requirements as well as 

the limitations imposed by their adaptability to 

environmental change in their search for food or for site 

suitable for reproductive activity wherever the latter 

impose special limits in particular components of the 

environment, 

No attempt to correlate microarthropod 

distribution in a profile with particular physical 

characteristics is likely to be successful without some 

indication of the pattern of mobility in time and space 

for individual species. 	The possibility that diurnal 

activity rhythms occur in which resting and feeding take 

place in different horizons of the profile, and at 

specifically controlled periods of the day is suggested 

by similar behaviour patterns observed in other 

phytophagous and saprophagous arthropods (reviewed by 

Cloudeley - Thompson, 1958a, 1958b, 1961). 	The 

potential origin of such a rhythm must be sought for 

in the envIronment, and although the possibility of 

established endogenous rhythmic activity cannot be 

entirely ov:rlooked, it is necessary first to separate 

rhythms based purely on time from irregular movement 

motivated by Onvironmental instability. 

A forest soil Is obviously highly variable In 

both planes, but with the overriding consideration 

that/ 
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that in the vertical plane, a decomposition succession 

is observed in the organic strata. 	Thus animals moving 

in the horizontal plane, are confronted by a mosaic of 

continuously repeating situations dependent mainly on 

the nature of the litter; while in vertical movement, 

the animal passes through a series of strata In which 

pore space and substrate become more finely divided and 

which t increasingly uniform physically as depth IncreasOs. 

The study of microclimates is becoming an 

increasingly Important branch of animal ecology. 	Both 

Edney(1954) and Cloudeley - Thompson (1961) stressed 

the great need for the distribution of terrestial 

arthropods to be studied In relation to their 

microhabitate and not merely the ruicroclitnates to be 

studied without reference to the organisms within them. 

Gifford (1962) stressed the lack of further investigation 

on a more advanced plane, of climatic conditions and 

fluctuations in the upper soil which should be applied to 

study of mlcroarthropods. 

The present work attempted to determine the Influence 

of climatic effects on the vertical movement of some soil 

mites. 	In such a study, one should separate observed 

movement from diurnal rhythms of vertical movement. 

Results of the field work at Bush indicated that 

the diurnal rhythms of vertical movement could be Ignored 

In further studies. 	Appendix ( C ) shows the mean 

square variation due to the effect of time of day on the 

vertical movement of mites, for every day of sampling 

during/ 
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during the whole year. 	It can be seen that for all 

specics of mites, diurnal rhythms of vertical movement 

were not evident. 

The field observations in the present study at Bush 

and Rannoch revealed that variation in mean depth of 

mites can be attributed to compactness of the core and 

distribution of pore space (to some extent). 	It could 

be sug - ted that soil too compacted may preclude 

penetration of mites. 	With regard to the stability of 

the soil pore spaces, it should be said that a large part 

of the microbial life certainly takes place on their walls, 

Which frequently are thickly overlaid with fungal 

filaments. A pore space system in which water and air 

can circulate is thereby created and that serves as a 

habitat for the soil microarthropods. The small species 

can move about in microcaverns, ignoring the passages 

constructed by maorofauna. 	In such a case, it is 

evident that particle size and crumb structure are of 

importance in determining vertical distribution. The 

smaller species have the advantage of being able to 

retreat into greater contact with the remaining ground 

Water at times of drought. 

Vertical distribution is not entirely a matter of 

pore size, but must be correlated with a number of other 

factors such as food humidity of pore space and movement 

of free water. 

The great majority of soil animals are moist air 

animals, which pursue their active life only in air 

saturated with water vapour. 	Since soil air usually 

occurs/ 
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occurs in such a saturated condition, these animals are 

only rarely compelled to escape desiccation by vertical 

or horizontal migrations. 

Amongst microarthropods, humidity requirements vary, 

but the least drought - resistant species - which are 

also the smallest - occur deeper down in the narrower 

crevices where saturation deficiency is less likely to 

Frr many terrestial organisms, the moisture in the 

soil is chiefly important as consisting the principal 

source of water, whereas the moisture in the air is 

mainly significant as controlling the loss of water. 

Terrestrial animals lose water directly to the air 

by evaporation and transpiration. The water supply in 

their substratum is also reduced by direct evaporation 

from the soil and indirectly by the transpiration of 

the vegetation. 

Three atmospheric conditions that greatly modify 

the rates of evaporation and transpiration are the 

saturation deficit, the temperature and the wind velocity, 

An increase in the saturation deficit, produces a rise 

In evaporation rate. 	An increase in temperature, simi- 

larly speeds up the evaporation process. 	A good 

indication of the magnitude of this influence, is 

obtained from the amounts by which the reservoirs are 

lowered in regions of different temperatures. 	The wind 

'velocity also exert' a major effect on the loss of water. 

thus,/ 
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Thus, the previous three factors were considered in the 

laboratory experiment set to observe separately the 

effects of the components of evaporation on vertical 

movement of mites. 

It should be noted that the evaporation power of the 

ir is an important ecological factor. 	Terrestial 

animals may often regulate their activities so as to 

void dehydration by moving to protected places. 

In the factorial experiment, results of the analysis 

variance between the effects of the different 

omponents of evaporation on vertical movement of mites, 

showed that both tumperature and saturation deficit had 

o very marked effect on the mean depth of all species 

Of mites tested, especially saturation deficit* 

iifferenoes between the effects of periods of treatments 

hours and 8 hours) were significant only at the 5 

And L.' level for the majority of species. 	Z . zeiawiensia 

and 0. rnjnjimis were most affected (0.10 significance) 

y the length of period of treatment. 	This could be 

related to the higher water loss after 8 hours and 

perhaps those two species were more susceptible to the 

effect of water loss. 	On the other hand, T. velatus, 

Q. ornata C.btplljs and I.rninutus were not affected by 

the period of treatment and perhaps they were more 

tolerant. 	The interaction between temperature and 

saturation deficit was highly significant for most 

species. 	This could be due to the fact that the effects 

o' temperature and saturation deficit on the vertical 

migration of mites were not entirely independent, i.e. 
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dry air together with higa teLnperature forced the mites 

to migrate to the lower layers. 	However, in the case of 

P. radiatus, the interaction between temperature and 

saturation deficit was not significant which could be 

due to the independent effect of each factor on the 

vertical migration of this species. 

In the light of the previous considerations, the 

results of the factorial experiment could be interpreted:-..  

(1) Effect of free water 

A considerable body of investigation has been 

directed towards the classification of soil moisture 

into definite categories. 	Thus, L.J. Briggs in 1897 

proposed that aoll moisture should be divided into three 

categories, namely, (1) hygroscopic moisture; (2) 

capillary water and (3) gravitational water, i.e, water 

free to move downwards under the Influence of gravity. 

In most forest soils, the water—table Is below the 

level of biological activity, and the free water In the 

soil, is present as film on the individual particles and 

aggregations of matter, as well as In the soil atmosphere. 

hen the film of water drys out due to evaporation in 

the top layers, soil mIoroarthropods have to migrate 

vertically to a more favourable environment, and when 

free water becomes adequate again, they return to the top 

layers searching for food. 

The water content of the soil Is subject to marked 

fluctuations both In volume and with time. 	If one 

disregards purely submerged soils, then the soil 

capillaries! 
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capillaries are partially filled with air and with 

water. The capillary soil water is readily mobile 

and the amount of it is determined by the condi-

tions of rainfall, evaporation, and permeability 

of the soil. However, under dry conditions, the 

capillary rise of soil water Is Interrupted due to 

the dryness of the top layer. 

In the present study, figures of water loss In 

grams due to evaporation from samples treated at 

different temperatures and those of residual water 

(as of dry weight) (Table 5) BhOW that the total 

water loss from samples treated at 2500  and a 

saturation deficit of 22.6 millibar was 20.30, 

21.10, 23.60 grams after 4 hours and 28.44, 28.509  

29.77 grams alter 8 hours. The residual water in 

the top layers of these samples was very strongly 

reduced by the high water loss and indeed In all 

samples subjected to this treatment, there was a 

sharp decrease In the moisture content of the top 

layers. The total water loss from samples treated 

at 2000  and a saturation deficit of 14.4 millibar, 

was 7.00, 8.20, 9.71 grains after 4 hours and 14.48 

17.15, 18.15 grams after 8 hours. The residual 

water in the top layers of these samples was also 

considerably affected especially after 8 hours. At 

150C and 10.5 Millibar saturation deficit, the 

total water loss was 6.80, 8.150  9.00 grams after 

4 hours and 13.80, 14.559  15.60 grams after 8 hours.  

The reeideual water in the top layers of these 

eamples/ 
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samples was slightly affected. At 100C and 6.4 

millibar saturation deficit, the water loss was 

5.301, 6.159  7.07 after 4 hours and 10,109  11.650  

15.25 grams after B hours. The residual water in 

the top layers of these samples was aloe slightly 

affected. The amount of water was always abundant 

in the top layers of the untreated samples (Table 6. 

The amount of water is important because even when 

sufficient water is present to keep animals active, 

the amount may have far-reaching effects on behavi-

our. Thus, Wallace (1955 1966) gives interesting 

preliminary data with regard to the juveniles of th 

eelworms 1ietroe* sohacti and Ptiencs gjgp. at 
11 

These migrate further in thin than in thick water-

films, and al1ace deduces that when pore spaces ar 

largely full of water, air-water interfaces are 

absent and movement reduced; the consequent lack of 

aeration may also inhibit active migration. This 

Could perhaps account for the lack of evidence of 

Vertical migration of mites in all amp1es untreate, 

treated under wet conditions and also in samples 

treated at low temperatures (is°c,io°c) under dry 

conditions, 

Results of the present investigation reveal the 

importance of the depth of free water as limiting 

factor in the vertical migration of mites. The ver-

tical migration of mites was obvious in the 2500  and  

20 0 treatments under dry conditions. In most cases 

of/ 



152 

of the 2500 treatment and the 2000 treatment, the 

sharp decrease of free water in the top layers 

could have induced the activity of the mites to 

migrate to the lower layers before any drop in 

relative humidity of pore space occurred (page53) 

This indicates that the depth of free water could 

be of overriding importance In the vertical movemnen 

of mites. 
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(2) Effect of relative humidity in pore space  

The relative humidity in pore space is unlikely to 

be the limiting factor in the vertical migration of 

mites in the forest soil since soil air usually occurs 

in almost saturated conditions. 

Measurements have been made in the laboratory by 

the writer (1961) to relate the relative humidity of 

the pore spaces of litter and humus to the water content 

values. Litter and humus samples were shown to have a 

saturated atmosphere at all water content values above 

60,00 

Comparisons with readings In the present study 

(Table 5 ) were made to estimate the relative humidity 

in the pore spaces in which the mites are mainly living. 

It can be seen that it was always saturated except with 

treatment at extreme temperature (2500) under dry 

conditions. 	Only under this treatment, the litter dried, 

up to levels below 5Gg In four cases (Table 5 ) 

suggesting that the mites could have migrated to the 

lower layers due to the effect of evaporation In 

reducing the relative humidity In pore space of the 

litter. Even a slight drop in relative humidity may 

be sufficient to immobilise certain of the soil mites. 

These species in order to survive, have to migrate 

vertically to a more favourable environment. 	However, 

at 250C under dry conditions, the free water was very 

sharply/ 
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Sharply decreaed from the top layer vi-itch is likel 

to be iriore iniportant in inducing the vertical 

migration of mites. 

() Effect of temerature 

Results of the analysis of variance have shown 

that the interaction effect of temperature and 

saturation deficit on the mean depth of mites, was 

highly significant for all species of mites. This 

could indicate that high teiperature only could not 

force the mites to migrate to the lower layers. 

This was indeed noticed in all cases of exposure to 

high temperatures under near saturation, P,ragiatu 

was the only species in which the interaction effec 

or temperature and saturation deficit was not 

significant, which could indicate the independent 

effect of temperature and saturation deficit on the 

vertical migration of this species* 

High temperature together with dry air increase 

the evaporation rate from the samples. Table (5) 

shows that the top layer dries out considerably due 

to high temperatures under dry conditions, thus 

forcing the mites to migrate deeper. It can also 

be seen that in treatments with high temperatures 

under saturation; the top layer still has an ade-

quate supply of free water; thus the mites are not 

forced to migrate to the lower layers. 

It, 
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It 18 possible that the mites have an instinct 

to move downwards under the stress of moisture loe 

- that gravity not the temperature is the effective.,  

stimulus. Another possibility, is that the mites 

do not perceive the temperature gradient until they 

move about actively, and perhaps they are first 

stimulated to activity by the drying. It is well 

known that the Tuligreri funnel extraction of micro-

arthropode is achieved by drying the samples gra-

dually using a high temperature gradient. Species 

which are not active enough to perceive the tempera 

ture gradient may be killed dur1n: the extraction. 

Thus, Hale (1964), while comparing between the 

efficiency of the flotation method and the high 

gradient cylinder for extracting his Collemhola, 

found that significantly greater numbers of Qnohts 

latue were extracted by the flotation method despitl 

the fact that his sample unite were collected from 

the same area at the same time and that extraction 

was begun on the day of collection of the samples. 

Onphturup itug perhaps due to its lack of a 

froula, was not active enough to perceive the 

temperature gradient in the high gradient cylinder;j 

thus it aiight have been trapped and killed in the 

dry samples before being able to escape. The two 

methods showed a similar extraction efficiency for 

his other species and these perhaps were active 

enough to perceive the temperature gradient, aiigratd 

deeper and thus were able to escape through the gaue. 
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3umznary and conclusions. 

A survey has been made of the relevant literature on 

soil faunal studies, with particular reference to the 

distribution of soil inlcroarthropode and their extraotiorL 

The survey also extended to cover the effects of environ-

mental factors particularly the microclimate, on the 

population dynamics and rhythmic activity of soil dwell-

ing animals, the forest influence on microclimate and 

measurements of microclimate. 

Five Oribatid mites; namely Ceratopyta bipilis (Herm). 

Herxuannia jibba (C.L.Yoch), Phthiracarus pirer  (Soop.) 

Oribateila calcarata (C,L.Koch) and Oppip app.; and five 

species of Mesostigmata; namely Veiiaia negiorensle (C.L. 

K.) Olpdieous jnjnnis (Kramer) ivipkiis otr1ntis (C.L.c.) 

Pergamasus robustus (Evans) and Holoparasitus caloaratue 

(Berlese) were selected for study. 

Investigations on their micro distributiOn in the soil 

profile (3cma) every 3 hours for 24 hours were carried 

out weekly for a whole year. Microclimatlo conditions 

were measured simultaneously and an atteLiipt was tried to 

relate the micro distribution of the mites to the diurnal 

fluctuations of microclimate. In addition it was hoped 

to obtain evidence of the effects of different micro-

climate conditions changing throughout the whole year on 

their micro distribution. Effect of samples dry weight 

on the mean depth of inites was also investigated. 

(4)/ 
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Statistical analysis was acheived by using tue 

"Sirius" computer at Alice Holt and Heriot Jatt College. 

Results of the analysis of variance of the soil data, 

revealed that there was a significant gradient in soil 

moisture and soil temperature. The soil temperature 

records, changed also significantly during the day. 

An analysis of variance was carried out on measure-

ments of the air temperature, relative humidity of the 

air and wind speed; and this revealed that they also 

changed significantly during the day. Soil temperature, 

air temperature and wind speed had their time of maximum 

between midday and 5 o'clock in the afternoon; whereas 

relative humidity of the air reached its peak between 

midnight and 5 o'clock in the morning. 

It was shown that population of mites were agregated 

(contagious) and henceThrth, all data for statistical 

analysts were changed into log (x +1). 

The vertical migration of all species of altec to the 

lower layers, wqs marked in winter. Some species of 

Mesostigrnata also migrated to the lower layers in summer. 

The vertical migration of mites could be related to the 

drought conditions prevailing in the u-,,-.)per layers in 

suaiier, and to the very low temperatures In winter forc-

ing the mites to migrate from the upper layer, and to the 

blockage of pore spaces of the upper layer with frost 

preventing the mites from appearing again In this layer 

as/ 
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as long as it is frozen. 

Differences in mean depth were noticed between the 

different species of mites. A seasonal variation in 

mean depth was also observed. A significant gradient 

was noticed in the distribution of mites and there was 

also a seasonal variation in the gradient of mites. It 

was shown that the gradient was higher in Autumn and 

lowest in Summer. The peaks and troughs in the gradient 

of mites followed roughly those of soil moisture. The 

influence of soil moisture seemed to affect the Mesos.-

tiginatid mites more than the Oribatids. Spring and 

autumn were the two seasons in which all species of mite 

except Oppia app. did not show any tendency to migrate 

downwards. 

(9) There was an autumnal peak in the Mesostigmatid 

curves. Thereafter, the numbers declined during the 

winter. The lowest population occurred in summer. The 

Oribatid curves did not show a quite clear situation. 

However, the peak of the Oribatid population seemed to 

occur in spring. All species exhibited peaks and troughs 

which were roughly the same, 

It was noticed that there was a general correlation 

between these and the peaks and troughs of soil moisture. 

(io) The average soil temperature was highly correlated 

with the soil temperature gradient, and the average soil 

moisture content was even more highly correlated with the 

soul 
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soil, moisture gradient. Average dry weight was not 

Significantly correlated with the dry weight gradient. 

Soil moisture content and soil temperature were 

strongly negatively correlated, and soil moisture content 

and dry weight were almost as strongly negatively corre—

lated. iverage temperature and average dry weight were 

significantly, but not highly positively correlated. 

The correlation coefficients between the mean depth 

of the ten species of mites and the six independent 

variables; i.e. soil temperature (average, gradient) soil 

moisture (average, gradient) and soil dry weight (average, 

gradient) revealed that there was a close agreement 

between the effects of those soil factors on the various 

species of mites observed. Only OeratpDpta bjpj.lts showed 

a response not common to the other species. This species 

seemed to be primarily influenced by the moisture gradi—

ent, favouring the surface layers when this gradient 

normally positive, is greatest; that is to say, it seeks 

the damper layers of the litter. This can be rclated to 

the high hulLildity required by this sp2cioa as ws sioin 

by Thor (1930) and Ribs (1951). All other species 

appeared most strongly influenced by the average dry 

weight of the samples, seeking the surface in the denser 

samples, and penetrating deeper in samples with loose 

structure. This agrces with the findings of Volz (1934) 

and 1oolc (1957) on Oollebo1a, 1ha (1951) on Oribatidae; 

Von/ 



Von 1osina Leutho].d (1961) and Dhilion & Gibson (1961) 

on mites and Collembola. There is, thus, scope for 

careful study on this important factor. 

(13) A partial regression coefficient was tried to 

examine the effects of soil microclimate, adjusted for 

constant average dry weight and constant dry weight 

gradient, on the mean depth of mite a. The variations in 

mean depth of Veigaja nemorenejs and liojoDarualtug 

palcaratus, appeared entirely randii; for the regression 

equation for these two species, brought no reduction in 

this variation. All species, however, agreed in the 

negative partial regression coefficient of mean depth on 

the average dry weight, and in most instances, this was 

significant. All species also agreed in the negative 

partial regression coefficient or mean depth on average 

soil temperature, but this was only significant for  

Qrjbatella caloarata and1odiecu.s 4n1mue. It could be 

that the decrease In soil temperature Induces the activity 

of the mites in the soil profile especially In the 1atter,  

two species. Thus, during the winter, when the average 

soil temperature drops, the activity of the mites In the 

soil profile increases and vertical migration takes place. 

This agrees with the observations of Dainton (1954) on the 

grey field slug rohizuax reticulatus, There was also 

negative partial regression coefficients of mean depth on 

Soil moisture gradient for species of Oribatidae, while 

those/ 
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those for species of Aiesostigmata were positive; though 

as none of these regression coefficients were significant, 

the exact correspondence of the sign of the coefficient 
F 
 with each group, may be largely coincidental. 

It was evident that after adjustment to a constant 

average dry weight, the water vapour stress and energy 

income had no marked influence on the mean depth of the 

species of mites in general. 	This could be duo to the 

buffering effect of the Soots pine canopy on the evapora-

tion rate from the forest soil. 

It was also shown that the diurnal variation in the 

vertical distribution of mites in the soil profile was 

not affected by microclimate and it was concluded that 

the seasonal variation in soil temperature together with 

soil porosity had the overriding importance in affecting 

this distribution. 

Due to the low numbers of mites counted in the 

samples collected from the experimental area at Bush, 

the laboratory experiment was based on samples collected 

from the rich Rannoch Black Jood forest to give more 

adequate numbers. Another step was taken by developing 

the extractor. 	The aim of the modification was to 

provide the samples with steep temperature and humidity 

gradients and this was achieved by adding a tray of 

running water containing the beakers; thus providing the 

bottom of the samples with saturated conditions. 	The 

temperature/ 



temperature control was achieved by adding a thermostat 

to the extractor in order to raise the temperature 

gradually. There was a gradient of about 60C between 

the top and the bottom of the sample. 

A comparison was made between numbers of mites 

extracted before and after developing the extractor. 

A considerable improvement in numbers of mites was 

noticed after developing the extractor. 

(17) To provide basis information on the current numbers 

of the mite population in Rannoch, a set of sixteen 

samples at three depths was taken weekly for seven weeks 

and treated in the improved extractor. 

Six Ori.batids; i.e. P1atvnothrus peltifer (C.L.K.), 

Ceratptpia bipilis (Herm), Tectocepheus velatus (Michael), 

Oppia ornatg (Oudms) oipig nurlandica (oudma) and 

Phthjraca.rus piger (Scop.); and six iviesostigmatids; i.e. 

Pergaxnasug Capon1cus (Tragardh), Velgala nemorensis 

C.L.K.), Zercon zelawiene 	(Selinick), karazerco 	iatus 

(Berlese), Iphidozero 	nutu (Halbert) and Olodiscus 

rninixmis (Kramer) were selected for study. 

Field observations at Rannoch revealed that variatioi 

in mean depth of mites can be attributed to compactness 

of the core and distribution of pore space (to some 

extent). 	It was suggested that soil too compacted may 

preclude penetration of mites. 

(18)/ 
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(18) Results of the field work at Bush indicated that 

the diurnal rhythms of vertical movement of aites could 

be ignored in further studies. The mean square variation 

due to the effect of time of day on the vertical move-

ment for all species of mites has shown that this effect 

was not evident. Therefore, diurnal rhythms of vertical 

movement were ignored in the experimental work designed 

to determine the influence of oliaatio efeots on the 

vertical movement of mites. 

In order to observe the different effects of the 

components of evaporation on vertical movement of mites, 

a sutall windtunnel was constructed with a three inch 

square working section. 

12 samples were collected weekly from the site 

selected in the experimental area at Rannoch by means of 

a coreoutter (6.5oms diaAn. and 15.5cms in length) The 

corer, with an alluniinium ring inserted in it cuts a 

core of 6.3oms diac. and 11.3oms in length. 

Samples were treated in he windtunuel at different 

temperatures and humidities (250C, 20°C, 15°C, 100C 

under dry and nearly saturated conditions for different 

periods (41irs and 8hrs)) under constant wind velocity 

of 18 miles per hour. Onall cores were then out from 

them for introduction into the extractor in the manner 

used for field exeritaent. 

(ig) Results of the analysis of variance between the eff-

ects of the different components of evaporation in the 

factorial/ 
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factorial experiment, on the vertical iover3ent of mites, 

showeO that both temperature and saturation deficit had 

a very marked effect on the mean depth of all species of 

mites tested, especially saturation deficit. Differences 

between the effects of periods of treatment (4hra and 

8hrs) were significant only at the 5.o and :Lj level for 

the majority of species. 	. zelawiensia and Q. minirnuo 

were most effected (0.:4j significance) by the length of 

period of treatment. This could be related to the 

higher water loss after 8 hours and perhaps those two 

species were more susceptible to the effect of water 

loss. On the other hand., . velatus, Q. ornata, 

C. bipilia and I. mtrntus were not affected by the 

period o treatment and perhaps they were more tolerant. 

The interaction effect of temperature and saturation 

deficit was highly significant for most species. This 

could be due to the fact that the effects of teperature 

and saturation deficit on the vertical migration of 

mites were not entirely indeendent; le. dry air to—

gather with high temperature forced the mites to aigrate 

to the lower layers. However, in the case of P. rdiatu 

the interaction effect of temperature and saturation 

deficit was not significant which could be due to the 

independent effect of each factor on the vertical mig—

ration of tiic snecics. 

(20) Results of the present investigation revealed the 

importance/ 
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impobtance of the depth of free water as limiting factor 

in the vertical migration of mites. The vertical mig-

ration of all species tested was obvious in the 250C 

and 2000  treatments under dry conditions. In most 

cases of the 200C treatment and the 250C treatment, the 

depth of free water could have forced the mites to 

migrate to the lower layers before any drp in relative 

humidity of pore space occured. 

It was also observed that in treatments with high 

temperatures under near saturation, the top layer still 

maintained an adequate supply of tree water and the 

mites were not forced to migrate to tue lower layers. 

It was assumed that the mites have an instinct to move 

downwards under the stress of moisture loss and that 

gravity not the temperature is the effective stiuulus. 

Perhaps the mites do not perceive the temperature grad-

ient until they move about actively and'that trey are 

first stiulated to activity by the drying. 
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Appendix :Rannoch Work : Counts of mites 

Total Oribatel (Including Juveniles) 

1 	2 	3 	4 	5 	6 	7 	8 	9 	10 11 12 13 14 15 16 Total 

20/11/63 la 30 34 51 66 27 48 43 63 65 63 20 17 18 42 20 11 618 
b 25 26 17 47 10 15 20 28 10 23 8 43 77 87 49 41 526 
* 5 5 46 20 21 29 14 4 7 3 2 9 26 9 14 5 219 

18/12 2a 41 58 57 39 33 16 35 46 39 35 31 109 46 30 40 24 659 
b 32 27 45 16 38 40 29 60 32 60 63 6 41 21 23 65 577 
*91112 II 230 3 13 24 11 9 6 4 3 28158 

16/ 1/64 3* 34 113 147 148 151 15 131 165 44 166 153 148 144 162 42 13 1776 
b4 2 18 15 24 716 20 6 11 24 12 13 29 62 209 

2 1 3 2 6 2 8 5 4 9 4 11 3 11 63 

23/ 1 4a 61 70 80 26 94 69 58 37 43 43 13 42 69 28 48 14 795 
b 53 17 24 12 11 18 19 5 57 10 14 11 5 14 20 4 294 
0 1 7 4 9 8 10 4 4 11 4 4 12 4 4 86 110 

29/ 1 5a 24 10 26 18 73 25 72 54 24 30 57 21 20 13 58 30 555 
b 8 6 23 20 17 13 15 19 19 57 8 24 7 9 17 7 269 
* 7 6 12 6 12 6 6 14 14 11 10 22 6 5 5 3 145 

5/2  6a 11 1719 35 27 56 35 44 11 12 22 12 34 41 40 22 438 
b 6 8 11 76 11 9 6 32 17 40 10 13 28 16 5 11 299 
03 1 3 27 3 2 7 22 13 5 4 5 3 4 23 107 

14/ 2 7* 9 53 112 72 114 146 86 81 155 132 47 93 149 56 76 32 1413 
b 6 6 9 8 7 37 10 7 13 7 19 30 16 29 11 16 231 
C   8 4 5 5 11 3 3 6 i 5 5 1 4 43 69 



Or1batide Juveniles 

1 	2 3 	4 	5 	6 	7 	8 	9 	10 11 12 13 14 15 16 Total 

20/11/63 la 14 15 20 43 17 22 38 44 54 57 19 13 15 32 17 10 430 
b 10 6 10 35 6 5 18 10 8 7 6 26 62 58 43 28 38 
o 3 2 39 16 20 27 14 2 6 3 2 8 26 6 11 2 187 

18/12 2a 28 32 49 30 28 13 24 29 26 27 27 85 35 12 919 16 490 
b 27 22 36 10 26 37 18 50 27 54 50 4 35 20 17 63 496 
o8 8 10 7 2 24 2 6 13 9 2 5 3 2 17109 

16/ 1/64 3a 27 95 114 107 112 13 90 127 39 140 121 111 88 93 40 13 1,330 
b 4 2 12 U 20 6 U 14 5 8 15 8 11 16 4 2 149 
a2 2 1 2 2 2 2 5 4 2 9 2 10 3 11 50 

23/ 1 4a 40 52 52 19 65 53 48 32 39 30 12 34 55 21 37 12 601 
b 41 13 12 8 7 15 17 2 46 6 11 10 3 11 7 3 212 
o8 6 1 6 3 4 4 4 6 2 2 5 2 3 54 65 

29/ 1 5a 16 6 20 16 61 21 45 40 20 19 43 17 16 12 34 23 409 
b 8 4 15 10 14 11 11 16 16 41 7 22 6 7 13 4 205 
o 4 4 12 4 11 4 3 11 9 10 9 18 5 3 4 2 113 

5/ 2 6a U 14 13 26 19 38 30 28 7 11 17 8 25 27 26 14. 314 
b 5 8 3 71 4 7 5 23 10 33 6 11 19 7 2 5 219 
c3 1 2 24 3 1 6 18 10 4 3 4 2 3 12 87 

14/ 2 7a 6 40 91 41 87 127 73 63 120 100 32 70 100 37 54 19 1060 
b5 5 8 6 3 26 8 7 11 4 14 18 14 22 7 10 168 
a   7 3 4 4 9 2 2 5 2. 4 2 1 2 21 50 



Total Mesostigmata 

1 2 3 4 5 6 7 8 9 10 II 12 13 14 15 16 Total 

20/11/631a0 1 1 2 1 2 2 2 1 0 1 0 0 0 0 0 13 
b  0 1 3 0 1 3 3 0 3 1 1 1 4 1 1 23 
a   1 0 0 0 0 1 0 0 3 0 3 1 0 1 1 11 

18/12 2a7 2 3 5 2 0 .1 6 2 3 2 3 1 4 5 5 50 
b5 0 0 3 3 1 1 5 6 4 1 0 1 6 3 3 42 
c5 2 3 6 0 3 1 2 5 0 1 0 0 2 0 0 30 

16/1/643a4 4 8 6 6 8 8 5 3 2 6 8 7 4 3 1 83 
b2 0 2 3 3 2 0 0 1 2 4 1 0 5 2 0 2 
a   0 2 0 0 0 2 1 l 0 4 0 0 0 0 0 10 

23/1 4a4 7 3 1 1 5 3 2 4 2 3 6 2 5 7 2 57 
b4 1 4 0 1 0 3 0 4 0 2 1 2 1 2 1 26 
c 0 0 0 0 2 2 0 3 0 0 2 0 0 1 0 11 

29/1 5a3 3 4 1 3 2 5 6 2 0 3 3 1 0 3 2 41 
b 0 4 2 1 0 0 1 2 6 1 3 2 1 2 3. 27 
cO 0 2 1 0 0 1 2 1 1 0 1 1 2 0 0 12 

6/2 Gal 1 2 5 6 2 4 8 2 0 1 2 3 0 2 0 39 
b1 0 0 4 2 1 1 4 6 5 0 1 8 0 1 0 34 
a   0 0 5 1 0 1 3 1 4 0 0 0 0 0 0 15 

14/2 7a0 5 1 5 1 1 0 3 3 2 2 6 6 4 3 1 43 
b  0 1 0 0 5 0 0 2 0 2 1 2 3 0 3 1 
0O 0 0 0 0 1 0 0 2 0 1 0 1 0 0 1 6 



App.nJlxB 	BU 'A 	Tc.q Or ot.IS (+ XE 

TI F1 E LEVEL 

10 13 i6 19 22 01 04 07 TOP 	MID 	LOW 
16/04/62 6, 144 50 67 23 28 95 42. 192 204 

I26'Z
.  114 

23/04/62 42 6x 65 26 zoo 66 14 67 273 42 
30/04/62 57 36 69 28 43 44 52 48 200 120 47 
07/05/62 40 20 51 42 68 56 45 35 246 76 35 
14/05/62 36 30 53 34 28 29 103 44 239 90 28 
21/05/62 40 13 21 32 26 12 7! 42 184 59 14 
28/05/62 22 63 i6 31 63 26 22 13 193 50 13 
04/06/62 59 45 77 42 28 74 68 34 313 92 22 
11/06/62 40 26 3! 20 31 tO 38 6o tto xz8 r8 
18/06/62 3! 19 4! 26 27 12 24 32 140 42 30 
2/o6/62 46 54 34 22 33 20 39 44 21! 62 19 

02/07/62 x6 22 23 23 25 22 12 6 85 43 21 
09/07/62 24 26 17 24 II 17 27 7 75 61 17 
16/07/62 9 27 22 29 58 29 43 24 170 33 38 

23107/62  35 ro8 72 29 72 58 14 25 297 92 24 
30/07/62 14 26 34 31 35 30 32 21 159 55 9 
06/08/62 12 8 42 20 61 4! 10 38 ,68 41 23 
13/08/62 3 1 82 13 II 32 55 36 34 187 79 28 
20/08/62 33 21 49 20 13 26 19 t6 136 49 12 
27/1)8/62 r8 51 42 14 29 29 14 14 151 47 13 
03/09/62 18 12 32 38 27 28 48 53 190 48 r8 
10/09/63 23 I 13 8 4 8 14 II 51 14 r6 

17/09/62 43 25 53 2! 98 45 21 . 	49 288 57 ro 
24/ 9/62 34 28 24 27 96 27 35 21 185 70 37 
01/10/62 i6 12 54 12 26 21 10 37 154 26 8 
08/10/62 45 12 38 26 33 48 48 66 204 80 32 
15/10/62 27 II 30 45 70 33 15 27 202 51 5 
22/10/62 49 44 25 25 i6 53 II 28 148 86 17 
29/10/62 36 8 31 rS 6 8 5 8 57 Sr 9 
05/11/62 27 3! 30 II 20 13 9 "tI ITO 34 8 

12/11/62 19 17 33 20 21 36 22 6 105 57 12 

19/11/62 .4 17 39 46 54 35 27 2! 157 80 46 
26/11/62 34 15 43 52 52 25 4! 14 i68 84 24 

03/12/62 '3 74 73 33 31 25 14 37 r94 8i 25 
10/12/62 17 36 72 42 13 57 39 16 206 70 x6 

17/!2/62 51 22 44 15 41 53 29 14 211 40 18 
24/12/62 26 30 50 30 97 30 21 28 223 64 15 

31/!2/62 38 45 27 8 2! 10 6 15 99 55 t6 
7/0!/63 24 54 72 39 19 32 6 28 113 118 33 
14/01/63 24 tO 14 I 8 z6 2 6 33 35 13 
21/01/63 55 47 39 27 59 41 43 4! 153 123 76 
28/01/63 15 2! 39 34 26 44 80 33 163 72 57 
04/02/63 36 37 17 32 15 51 11 28 t4 80 13 
11/02/63 2 41 22 32 26 33 II 55 170 45 7 
18/02/63 6 22 41 29 16 84 12 12 126 67 29 
25/02/63 15 52 22 12 35 14 27 25 105 53 44 
04/03/63 26 17 5! 24 19 41 17 14 74 72 63 
11/03/63 14 10 34 39 19 x6 16 17 115 34 r6  
18/03/63 25 38 24 12 30 13 51 10 142 38 23 
25/03/63 27 8 36 17 12 14 21 44 138 25 6 



Sth Wee  m 	h oç  m4t4(I 41L. A 
	16 4jiJL s4%L 

1O)P2 
Tt1E LEVEL 

tO 13 z6 ig 22 0! 04 07 TOP 	MID LOW 
16/04/62 7 12 6 1, 9 6 15 5 35 39 tO 

23/04/62 5 3 r 0 12 6 9 15 3! 15 5 
30/04/62 12 5 4 2 6 14 4 II 36 20 2 
07/05/62 tO 4 1 9 13 6 6 1 34 11  5 
14/05/62 10 4 4 I 10 11 14 10 41 17 6 
21/05/62 9 9 ir 9 7 7 6 7 49 ro 6 
28/05/62 3 6 I to 6 9 2 9 32 tO 4 
04/06/62 4 5 8 36 to 1 4 3 54 20 0 

11/06/62 7 9 2 0 II I 1. 3 25 t6 
18/06/62 3 5 5 5 5 4 9 3 24 12 3 
25/06/62 12 14 rx 8 7 4 6 4 29 31 6 
02/07/'62 o 6 3 8 4 8 3 5 15 16 6 
09/07/62 0 I 3 tO II 2 6 2 12 15 8 
16/07/62 5 5 3 13 5 4 x6 6 38 9 ro 
23/07/62 3 22 9 7 5 5 9 3 3! 25 7 
30/07/62 8 9 5 4 10 5 4 0 20 22 3 
06/08/62 I 2 4 I 7 5 3 9 24 3 5 
13/08/62 0 14 3 3 10 23 7 II 38 26 7 
20/08/62 to 6 to tO 0 12 5 3 36 17 3 
27/08/ 62 5 to 8 3 7 18 4 6 46 12 3 
03/09/62 4 3 13 TO 5 4 6 to 40 12 3 
10/09/63 8 1 4 2 6 4 4 6 23 8 

17/09/62 12 6 T4 15 14 9 5 14 73 13 3 
24/ 9/62 27 7 10 13 13 17 33 14 97 29 8 

or/!o/62 6 7 3 8 9 5 13 19 52 15 3 
08/10/62 7 24 rx 21 8 rS 6 22 83 26 
15/10/62 6 6 to 13 23 7 7 13 63 I5 6 
22/10/62 tO 30 13 15 II 13 36 22 95 32 3 
29/10/62 22 6 IS 13 24 4 2 3 54 23 15 
05/11/63 12 14 i8 4 15 1 4 5 7 66 it 12 
12/11/62 
19/11/62 

20 
20 

10 
14 

13 
14 

8 
15 

13 
22 

II 
10 

II 
14 

4 
8 

44 
56 

37 
37 

9 
24 

2 6/11/62 28 xx 13 14 19 r6 16 13 87 32 II 
03/12/62 6 iS 30 5 13 9 tO iS 76 23 tO 
10/12/62 9 12 2! ,6 4 9 19 7 67 23 7 
17/12/62 34 5 II 10 22 14 t6 2 84 2! 9 
24/12/62 II 21 13 II 28 t6 6 xx 84 33 10 
31/12/62 31 20 4 13 12 5 4 19 55 39 13 
7/01/63 5 13 17 x8 8 5 to tO 44 28 14 
14/01/63 6 4 TO 9 3 IX 9 8 27 22 it 
21/01/63 26 16 7 5 5 13 14 2 30 34 24 
28/01/63 II 17 2! II 25 7 5 TO 54 35 iS 
04/03/63 10 15 6 5 5 24 4 17 38 37 II 
11/02/63 6 r6 30 14 7 II 5 tO 7! 24 4 
18/02/63 3 tO II 9 15 19 3 10 48 26 6 
25/02/63 9 4 7 7 13 13 29 13 43 31 2! 

04/03/63 14 3 34 6 9 13 3 3 22 43 20 
11/03/63 3 !c to i6 6 17 8 7 57 13 7 

18/03/63 3 14 7 13 12 8 8 8 52 15 6 
25/03/63 12 3 8 12 5 7 5 t8 52 15 3 



AppendixC: Bush Work : Mean Square variation due 
to the effect of time of day on vertical distribution 
of mites. 

Date of Mean Square Species of mites 
sampling Variation due  

to - 
1 2 3 4 5 6 7 8 9 

16/4/62 Oscillation x 2 0.68 0.25 0.17 0.89 1.20 0.01 0.05 0.15 0.10 
Gradient 

Oscillation z 2 0.47 0.17 0.19 0.05 0.20 0.16 0.08 0.05 0.09 
Stratification 

Residual 	x 5 0.14 0.29 0.59 0.39 0.96 0.06 0.16 0.07 0.25 
Gradient 

Residual 	x 5 0.11. 0.15 0.06 0.37 1.61 0.23 0.44 0.02 0.24 
Stratification 

Duplicate 24 0.21 0.37 0.17 0.56 0.96 0.15 0.28 0.13 0.12 

23/4 Osc. x Grad. 2 0.49 0.21 0.09 0.70 0.05 	- 0.01 0.09 0.75 
Ceo. x Strat. 2 0.05 0.05 0.04 0.86 0.48 0.01 0.02 0.09 
Resid. x Grad. 5 0.34 0.24 0.03 0.13 0.13 	- 0.14 0.17 0.06 
Resid. x Strat. 5 0.11 0.10 0.06 0.24 0.18 	- 0.07 0.03 0.19 
Duplicate 24 0.23 0.38 0.08 0.21 0.70 	- 0.14 0.08 0.14 

30/4 Oso. x Grad. 2 0.004 0.12 0.26 0.33 0.55 0.02 0.06 0.12k 
Oso. x Strat. 2 0.13 0.14 0.38k  0.46 2.29k 	- 0.02 0.16 0.16 
Resid. x Grad. 5 0.42 0.24 0.07 0.28 1.20 	- 0.20 0.17 0.02 
Resid, x Strat. 5 0.14 0.06 0.06 0.18 0.28 	- 0.08 0. 1"r,  0.49 
Duplicate 24 0.60 0.27 0.27 0.18 0.83 0.24 0.12 0.15 

7/5 Ose. x G:cd. 2 0.13 0.01 0.20 004 0.28 	- 0.09 0.04 0.16 
Os a. xStrat. 2 0. 0.002 0.05 0.14 0.18 	- 0.22 0.01 0.20 



Date of 	Mean Square Species of rnites 4  sampling Variation due b. 
to 

1 2 3 	4 5 	6 7 8 9 
Resid. x Grad. 5 0.17 0.1 0.15 	0.36 0.44 	- 0.05 0.09 0.15 
Resid. x Strat. 5 0.12 0.07 0.09 	0.28 0.43 	- 0.04 0.03 0.16 
Duplicate 24 0.26 0.24 0.16 	0.26 0.72 	. - 0.11 0.09 0.18 

14/5 Ose. x Grad. 2 0.03 .0.35 0.33 0.43 0.004 - 0.04 0.17 0.10 
Ose. x Strat. 2 0.14 0.20 0.02 0.33 0.02 - 0.15 0.09 0.27 
Resid. x Grad, 5 0.26 0.38 0.14 0.31 .0.53 - 0.22 0.2,2 0.10 Resid. x Strat. 5 0.12 0.09 0.12 0.23 0.54 - 0.11 0.04 0.18 
Duplicate 24 0.25 0.13 0.20 0.42 0.47 - 0.10 0.16 0.16 

21/5/62 Ceo. x Grad. 2 0.07 - 0.21 0.47 0.43 * 0.13. 0.01 0.30 
Oso. x Strat. 2 0.01 - 0.13 0.47 0.73 0.03 0.001 0.11 
Resid. x Grad. 5 0.19 - 0.05 0.16 1.27' - 0.05 0.13 0.28 
Resid. x Strat. 5 0.01 - 0.13 0.15 0.54 0.04 0.04 0.08 Duplicate 24 0.08 - 0.09 0.31 0.41 - 0.04 0.08 0.7 

28/5 Ose. x Grad. 2 0.08 0.10 0.40 0.66 0.86 0.53 0.003. 0.29 0.14 Ose. x Strat. .2 0.15 0.05 0.16 0.06 0.09 .15 0.1') 0.14 0.13 Res 	x Grad. 5 0.14 0.12 0.04 0.40 0.64k 0.04 0.15 0.10 0.06 
Res 	x Strat. 5 0.17 0.09 0.04 0.17 0.35 0.04 0.05 0.08 0.01 
Duplicate 24 0.14 0.14 0.11 0.21 0.19 0.05 0.10 0.10 0.11 

4/6 Ose. x Grad. 2 0.10 0.35 0.02 0.53 0.58 0.18 0.08 0.63k 0.04 
Ose. x Strat. 2 0.04 0.06 0.01 0.74 0.31 0.19 0.11 O.SO 0.02 
Res 	x Grad. 5 0.23 0.12 0.13 0.5 0.37 0.06 0.08 0.07 0.22 Res 	x Strat. 5 0.07 0.06 0.04 0.25 0.61 0.03 0.20 0.04 0.34 
Duplicate 24 0.20 0.20 0.10 0,29 0.48 0.05 0.10 0.25 0.20- 



Date of Mean Square Species of mites+4  
sampling Variation due  

to 
2 3 4 5 	6 7 8 9 

11/6/62 Ceo. x Grad. 2 0.20 - 0.03 0.13 1.19k  0.12 0.02 0.01 
Gee. x Strat. 2 0.33 - 0.04 0.38 0.36 	- 0.02 0.06 0.04 
Resid. x Grad. 5 0.21 - 0.14 0.04 0.13 	- 0.12 0.02 0.09 
Resid. x Strat. 5 0.13 - 0.20 0.41 0.56 	- 0.16 0.09 0.02 
Duplicate 24 0.13 - 0.14 0.23 0.63 	- 0.11 0.14 0.22 

18/8 Osc x Grad. 2 0.65 - 0.14 0.11 0.65 	- - 0.02 0.18 
080 X Strat. 2 0.47 - 0.002 0.07 0.91 	- - 0.02 0.30 
Res x Grad. 5 0.21 - 0.13 034 0.56 0.04 0.05 
'Res x Strat. 5 0,07 - 0.01 0.07 0.20 	- - 0.07 0.05 
Duplicate 24 0.28 0.12 0.27 0.58 	- - 0.06 0.21 

25/6 Oso x Grad. 2 0.00 0.19 0.08 0.32 0.43 	- 0.01 0.14 0.10 
Gee x Strat 2 0.21 0.06 0.03 0.09 0.22 	- 0.003 0.30 0.28 
Rea x Grad. 5 0.26 0.19 0.06 0.19 0.10 	- 0.14 0.13 0.19 
Res xStrat* 5 0.47 0.06 0.03 0.15 0.14 	- 0.12 0.11 0.42 
Duplicate 24 0.13 0.03 0.08 0.34 0.50 	- 0.06 0.19 0.21 

2/7 Gee x Grad. 2 0.14 0.10 0.33 0.75 0.93 	- 0.05 0.24 
Gee x Strat. 2 0.02 0.02 0.15 0.07 1.22 	- 0.12 - 0.12 
Reeid.x Grad. 5 0.17 0.04 0.09 0.23 0.84 	- 0.06 - 0.25 
Resid. x Strat. 5 0.11 0.04 0.04 0.13 0.20 	- 0.06 - 0.23 
Duplicate 24 0.12 0.13 0.11 0.29 0.62 	- 0.08 - 0.17 

9/7 Gsa x Grad. 2 0.04 0.03 0.10 0.30 0.08 	- - - 0.03 
Ceo x Strat 2 0.04 0.06 0.10 0.01 0.14 	- - - 0.03 
Resid x Grad 5 0.22 0.02 0.08 0.15 0.29 	- - 0.06 
Resid x Strat 5 0.02 0.24 0.10 0.06 0.36 	- - - 0.11 



Dates of 
sampling 

Mean Square 
Variation due 
to 1 2 

Species 0 r 

3 	4 

mites...  e 

5 6 7 8 9 
Duplicate 	- 24 0.21 0.11 0.07 0.16 0.60 - 0.24 

16/7/62 Oeo. x Grad 2 0.15 0.27 0.03 0.59 0.17 - 0.28 0.08 0.06 
Oso. x btrat. 2 0.07 0.Ou 0.06 0.05 0.26 0.02 0.03 0.06 
Resid x Grad 5 0.16 0.07 0.13 0.13 0.79 - 0.10 0.15 0.12 
Resid x Strat. 5 0.07 0.03 0.01 0.34 0.19 - 0.07 0.02 0.07 
Duplicate 24 0.18 0.08 0.09 0.36 0.82 - 0.16 0.21 0.17 

23/7 Gee. x Grad. 2 0.08 0.36k  1.23 0.55 0.04 0.09 0.10 0.06 
0cc. x Strat. 2 0.00 0.17k  0.34 0.20 0.02 0.04 0.03 0.10 
Resid xGrad. 5 0.20 - 0.05 0.25 0.50 0.03 0.26 0.04 0.17 
Resid x Strat. 5 0.04 - 0.02 0.17 0.67 0.002 0.31 0.02 0.11 
Duplicate 24-0.19 0.22 0.41 0.60 0.07 0.18 0.06 0.19 

30/7 0cc. x Grad. 2 0.61 - 0.02 0.02 0.82 - 0.03 0.18 0.04 
Ccc. x Strat* 2 0.18 - 0.02 0.02 0.97 - 0.01 0.02 0.30 
Resid x Grad. 5 3.08 - 0.08 0.19 0.18 - 0.08 0.06 0.20 
Resid x Strat. 5 0.3.5 - 0.34 3.21. 0.95 - 0.04 0.13 0.32k  
Duplicate 24 0.14 - 0.17 0.1 0.45 - 0.08 0.16 0.11 

6/8 Coo. x Gr d 2 0.08 0.12 0.01 0.65 1.08 - 0.15 - 0.002 
Ose. x Strat. 2 0.19 0.02 0.05 0.04 0.39 - 0.01 - 0.07 
Resid x Grad. 5 0.27 0.11 0.16 0.36 0.61 - 0.0 - 0.07 
Resid x Strat. 5 .10 0.02 0.04 0.13 0.65 - 0.01 - 0.06 
Duplicate 24 0.17 0.07 0.14 0.11 0.39 - 0.12 0.13 

1.3/8/62 Ceo. x Grad 2 0.23 0.10 0.03 0.08 0.6 - 0.15 - 0.14 
Ccc. x Strat. 2 0.15 0.03 0.04 0.04 0.20 - 0.04 0.06 



Dates of Mean Square Species of mites 
sampling Variation due  

to 
2 3 4 5 6 7 8 9 

Resid x Grad 5 0.52 0.15 0.08 0.19 0.76 - 0.17 - 0.21 
Resid x Strat. 5 0.31 0.04 0.07 0.06 0.25 - 0.06 - 0.07 
Duplicate 24 0.23 0.15 0.16 0.30 0.80 0.31 - 0.24 

20/8/62 Osc. x Grad. 2 0.19 - 0.06 0.28 0.85 0.03 0.07 0.09 0.11 
Osc. x Strat. 2 0.01 - 0.07 0.06 0.71 0.08 0.07 0.14 0.07 
Resid x Grad. 5 0.19 - 0.06 0.10 0.86 0.04 0.10 0.05 0.33 
Resid x Strat. 5 0.02 - 0.09 0.03 0.13 0.03 0.07 0.04 0.16 
Duplicate 24 0.08 - 0.12 0.19 0.51 0.06 0.07 0.10 0.21 

27/8 Osc. x Grad. 2 0.19 0.10 0.02 0.07 0.76 - 0.04 0.18 0.10 
Oso. x Strat. 2 0.12 0.09 0.17 0.02 0.51 - 0.00 0.06 0.19 
Resid x Grad. 5 0,09 0.08 0.09 0.11 0.86 - 0.03 0.20 0.23 
Resid x Strat. 5 0.05 0.04 0.03 0.10 0.10 - 0.04 0.05 0.19 
Duplicate 24 0.05 0.08 0.10 0.26 0.39 - 0.09 0.19 0.13 

3/9  Osc. x Jrad. 2 0.03 0.08 0.15 0.01 0.44 - 0.18 0.12 0.22 
Oso. x Strat. 2 0.04 0.0 0.05 0. 00  0.30 0.22 0.10 0.20 
Resid x Grad. 5 0.25 0.06 0.03 0.31 0.44 - 0.14 0.17 0.10 
Resid x Strat. 5 0.14 0.06 0.07 0.27 0.62 - 0.09 0.09 0.08 
Duplicate 24 0.12 0.13 0.06 0.23 0.80 - 0.09 0.04 0.18 

10/9 Oso x Grad. 2 - - - 0.34 0.48 - 0.07 - 0.10 
Oso x Strat. 2 - - - 0.09 0.25 - 0.02 - 0.02 
Resid x Grad. 5 - - - 0.15 0.34 - 0.07 - 0.03 
Resid x Strat. S - - - 0.15 0.10 - 0.03 - 0.14 
Duplicate 24 - - - 0.08 0.51 - 0.07 - 0.20 



Date of Mean Square 
sampling Variation due Species of mites 

to 0 
1 2 	3 4 5 	6 7 8 9 

17/9/62 0cc. x Grad 2 0.03 - 	0.18 0.11 0.24 	- 0,330.04 0.19 
08c. x Strat. 2 0.02 - 	0.02 0.36 0.71 	- 0.19 0.05 0.24 
Resid x Grad. 5 0.10 - 	0.10 0.40 0.11 	- 0.13 0.10. 0.11 
Resid x Strat. 5 0.04 - 	0.04 0.05 0.39 	- 0.03 0.04 0.17 
Duplicate 24 0.10 - 	0.18 0.37 0.66 	- 0.12 0.08 0.21 

24/9 Ccc. x Grad 2 0.10 0.13 0.01 0.39 0.30 0.12 0,32 0.17 0.02 
0cc. x Strat. 2 0.19 0.28 0.07 0.42 1.09 0.04 0.04 0.13 0.53 
Reid x Grad 5 0.09 0.29 0.01 0.19 0.26 0.09 0.40 0.18 0.39 
Resid x Strat, 5 0.08 0.17 0.12 0.08 0.12 0.03 0.06 0.04 0.48 
Duplicate 24 0.12 0.13 0.07 0.41 0.57 0.10 0.15 0.30 0.38 

1/10 Ccc. x Grad 2 - 0.07 0.11 0.27 0.08 - 0.20 0.002 0.13 
Ccc. x Strat. 2 - 0.01 0.06 0.09 0.16 - 0.15 0.02 0.18 
Resid x Grad 5 - 0.22 0.12 0.40 0.78 - 0.16k  0.09 0.25 
Resid x Strat 5 - 0.19 0.08 0.14 0.10 - 0.07 0.01 0.14 
Duplicate 24 - 0.25 0.11 0.25 0.53 - 0.06 0.08 0.19 

8/10 Ccc. x Grad 2 0.09 0.06 0,27 0.23 0.u7 0.23 0.25 0.27 0.02 
Ccc. x Strat. 2 0.07 0.00 0.16 0.07 0.13 0.08 0.01 0.004 0.20 
Resid x Grad 5 0.25 0.07 0.07 0.13 0.46 0.10 0.6 0.12 0.18 
Resid x Strat. 5 0.06 0.02 0.06 0.02 0.40 0.03 0.12 0.07 0.50 
Duplicate 24 0.15 0.07 0.29 0.24 0.59 0.10 0.22 0.17 0.24 

15/10 Ccc. x Grad 2 0.07 0.15 0.29 2.13' 0.88 - 0.30 0.01 1.36 Ccc. x Strat. 2 0.003 0.02 0.10 0.66 0.34 - 0.04 0.11 0.67 
Resid x Grad 5 0.14 0.38 0.07 0.35 0.22 - 0.06 0.17 0.07 
Resid x Strat. 5 0.11 0.19 0.02 0.24 0.44 - 0.06 0.05 0.19 
Duplicate 240.P6 0.25 0.14 1  0.32 0.73 0-11 0.17 	-14 



Date of Mean Square 
sampling Variation due 	 Species of raltea+++ 

to o 	4 	5 	6 	7 	8 	9 

22/10 080. x Grad 2 0.07 0.33 0.11 0.11 0.68 0.16 0.23 0.24 0.08 
Ceo. x Strat. 2 0.01 0.08 0.05 0.35 0.84 0.13 0.30 0.11 0.29 
Resid x Grd. 5 0.03 0.08 0.07 0.16 0.22 0.10 0.13 0.28 0.38 
Resid x Strat. 5 0.10 0.05 0.07 0.14 0.80 0.05 0.13 0.06 0.18 
Duplicate 24 0.09 0.22 0.08 0.41 0.62 0.04 0.23 0.21 0.20 

29/10 Ceo. x Grad. 2 - 0.02 0.14 0.39k 1.64 - 0.27 0.04 0.33 
Oso. x Strat. 2 - 0.13 0.01 0.06 0.17 - 0.04 0.09 0.24 
Resid x Grad. 5 - 0.11 0.05 0.04 0.05 - 0.08 0.05 0.14 
Resid x Strat. 5 - 0.05 0.10 0.Ob 0.10 - 0.24 0.04 0.1.9 
Duplicate 24 - 0.14 0.07 0.15 0.52 - 0.23 0.12 0.54 

5/11 0cc. x Grad 2 0.01 0.19 0.05 0.20 0.10 0.02 0.01 0.27 0.02 
Oac. x Strat 2 0.02 0.02 0.04 0.07 0.06 0.06 0.03 0.13 0.05 
Resid x Grad 5 0.10 0.22 0.25 0.34 0.42 0.04 0.08 0.19 0.49 
Resid x Strat 5 0.08 0.08 0.04 0,09 0.31 0.18 0.02 0.08 0.21 
Duplicate 24 0.07 0.12 0.09 0.27 0.50 0.11 0.15 0.11 0.40 

12/11 Coe. x Grad 2 0.14 0.02 0.08 0.06 0.72 - 0.03 0.28 0.01 
Coe. x Strat. 2 0.01 0.02 0.04 0.12 0.63 - 0.07 011 0.31 
Resid x Grad 5 0.15 0.09 0.04 0.62 0.11 - 0.08 0.19 0.06 
Resid x Strat. 5 0.02 0.1 0.10 0.37 0.22 - 0.07 0.10 0.47 
Duplicate 24 0.23 0.10 0.1.6 0.11 0.45 - 0.08 0.25 0.32 

19/11 Coe. x Grad 2 0.14 0.26 0.19 0.82 0.30 0.06 0.15 0.004 0.23 
0cc. x Strat. 2 0.16 0.45 0.40 0.39 0.01 0.02 0.23 0.03 0.55 
Resid x Grad 5 0.04 0.17 0.09 0.05 0.60 0.04 0.14 0.19 0.15 
Resid X Strat. 5 0.13 0.20 0.19 0.07 0.59 0.09 0.07 0.05 0.14 
Duplicate 24 0.09 0.12 0.19 0.59 1.02 0.11 0.09 0.17 0.50 



Date of Mean Square Species of rnitea+++ sampling Variation due 
to 1 2 3 4 5 6 7 8 9 

26/11/52 Ose. x Grad. 2 0.14 0.03 0.02 0.01 0.45 0.02 0.01 0.12 0.60 
Qac. x Strat. 2 0.17 0.27 0.04 0.12 0.37 0.04 0.03 0.13 0.73 
Resid x Grad, 5 0,15 0.13 0.14 0.12 0.56 0.06 0.20 0.24 0.31 
Resid x Strat. 5 0.16 0.15 0.16 0.22 0.87 0.05 0.14 0.13 0.20 
Duplicate 24 0.15 0.19 0.24 0.17 0.74 0.07 0.05 0.16 0.35 

3/12 Oso. x Grad. 2 0.41 013 0.47 0.22 2.20 - 0.07 0.48 0.002 
080. x Strat. 2 0.13 0.02 0.15 0.14 0.73 - 0.30 0.02 0.02 
Resid x Grad. 5 0.31 0.08 0.12 0.32 0.49 0.09 0.16 0.93 
Resid x Strat. 5 0.16 0.10 0.29 0.35 0.77 0.03 0.08 0.09 
Duplicate 24 0.10 0.25 0.22 0.29 0.31 - 0.16 0.19 0.27 

10/12 Oso x Grad. 2 0.06 0.06 0.12' 0.45 0.22 0.18 0.001 0.08 0.001 
Oso. x Strat. 2 0.06 0.00 0.09 0.04 1.08 0.04 0.03 0.11 0.004 
Resid x Grad 5 0.05 0.23 0.02 0.64 0.27 0.02 0.28 0.12 0.41 
Resid x Strat. 5 0.07 0.09 0.05 0.35 0.60 0.03 0.20 0.11 0.16 
Duplicate 24 003 0.32 0.16 0.41 0.36 0.07 0.13 0.14 0.28 

17/12 Oac. x Grad. 2 0.24 0.33 0.11 0.13 0.21 0.46k 0.03 0.05 0.61 
Oso. x Strat. 2 0.01 0.22k 0.02 0.07 0.74 0.07' 0.06 0.06 0.79 
Resid x Grad 5 0.20 0.10 0.12 0.27 0.69 0.07 0.34 0.20 0.51 
Resid x Strat. 5 0.03 0.01 0.11 0.12 0.27 0.003 0.16 0.03 0.17 Duplicate 24 0.23 0.21 0.08 0.15 0.34 0.07 0.10 0.07 0.14 

24/12 Oso. x Grad 2 0.56 0.64 0.10 0.06 2.47k 0.03 0.15 0.21 0.06 
Oec. x Strat 2 0.19 0.21 0.02 0.35 1.07 0.01 0.22 0.30 0.45 
Resid x Grad .5 0,39 0.02 0.1.2 0.12 0.26 0.17 0.08 0.26 0.08 Resid x Strat 5 0.10 0.01 0.10 0.26 0.27 0.03 0.20 0.18 



Date of Mean Square . Species of mites sampling Variation due 
to 1 2 3 4 5 6 7 8 9 

24/12/62 Duplicate 24 0.35 0.10 0.14 0.39 0.50 0.12 0.11 0.08 0.51 

31/12 08. x Grad. 2 0.07 0.21 0.22 1.30k  0.36 0.03 0.17 0.04 1.31 
Ceo. x 8tr6t. 2 0.01 0.01 0.01 0.22 0.95 0.12 0.05 0.21 0.20 
Resid x 13radf 5 0.08 0.08 0.03 0.14 0.63 0.08 0.07 0.19 0.01 
Resid x Strat. 5 0.03 0.07 0.01 0.36 0.32 0.04 0.20 0.36k 0.23 
Dup1ic& 24 0.07 0.19 0.11 0.27 0.38 0.05 0.08 0.13 0.45 

7/1/63 0a. 	Crd 2 0.21 0.41 0.32 0.03 0.33 0.09 0.03 0.36 0.23 
:: 2 0.04 0.12 0.36 0.08 0.31 0.03 0.02 0.13 0.09 

Resid x Grad. 5 0.13 0.17 0.22 0.18 0.39 0.05 0.13 0.21 0.13 
Resid x Strat. 5 0.08 0.09 0.12 0.30 0.74 0.02 0.23 0.06 0.21 
Duplicate 24 0.15 0.11. 0.27 0.38 0.90 0.08 0.10 0.10 0.31 

14/1 Ose. x Grad 2 0.01 0.02 0.02 0.29 0.02 0.11 
0cc. x Strat. 2 0.02 - - 0.02 0.004 - 0.002 0.01 0.04 
Resid x Grad 5 0.17 - - 0.09 0.20 - 0.34' 0.04 0.32 
Resid x Strat. 5 0.03 - 0.17 0.05 0.25 0.07 0.19 
Duplicate 24 0.08 - - 0.12 0.37 - 0.10 0.08 

21/1 Oso. x Grad. 2 0.21 0.13 0.03 0.06 0.62 0.23 0.63 0.02 0.004 
Ceo. x Strat. 2 0.02 0.11 0.004 0.8641  1.25 0.06 0.29 0.04 0.07 
Resid x Grad. 5 0.53 0.13 0.06 0.18 1.06 0.07 0.27 0.16 0.45 
Resid x Strat. 5 0.21 0.37 0.07 0.02 0.61 0.02 0.20 0.24 0.18 
Duplicate 24 0.38 0.35 0.27 0.66 1.15 0.1 0.16 0.16 0.31 

28/1  Oso. X Grad. 2 0.15 0.20 0.08 0.17 2.51 - 0.51 0.15 0.12 
Ceo. x Strat. 2 0.12 0.31 0.02 0.10 0.12 - 0.26 0.04 0.08 
Resid x Grad. 5 0.27 00 02 0.03 0.22 0.72 - 0.25 0.08 0.20 



Date of Mean Square PZ
Species of mites +++  

Sampling Variation due 
6 7 8 9 to 1 2 34 5 

Resid x Strat. 5 0.19 0.3.6 0.07 0.68 0.03 - 0.13 0.13 0.12 
Duplicate 24 0.23 0.17 0.13 0.54 0.66 - 0.22 0.14 0.37 

4/2/63 Oeo. x Grad 2 0.03 - 0.0 0,75 0.18 0.27 0.03 0.12 0.04 
Oso. x btrat 2 0.12 - 0.01 0.20 0.22 0.08 0.04 0.05 
Resid x Grad. 5 0.17 - 0.09 0.26 0.68 0.05 0.07 0.02 0.27 
Reid xStrat* 5 0.10 - 0.12 0.18 0.25 0.05 0.14 0.06 0.05 
Duplicate 24 0.10 - 0.07 0.24 0.62 0.05 0.07 0.06 0.32 

11/2 Gee. x Grad 2 0.43 0.25 0.01 0.01 0.03. 0.12 0.11 0.28 0.34 
Ose. x Strat. 2 0.06 0.10 0.05 0.03 0.16 0.16 0.24 0.08 0.05 
Resid x Grad 5 0.47 0.22 0.15 0.12 0.53 0.19 0.16 0.04 0.6 
Resd x Strat 5 0.24 0.27 0.21 0.04 0.14 0.02 0.04 0.04 0.65 
Duplicate 24 0.13 0.19 0.23 0.12 0.36 0.10 0.13 0.06 0.15 

18/2 Osc. x Grad. 2 0.3 0.41 0.16 0.49 0.12 0.15 0.28 0.33 
Oso. x Strat. 2 0.01 0.14 0.21. 0.07 0.56 - 0.00 0.09 0.15 
Resid x Grad. 5 0.17 0.15 0.25 0.12 0.20 - 0.05 0.13 0.25 
Resid x Strat. 5 0.06 0.05 0.06 0.12 0.47 - 0.05 0.11 0.24 
Duplicate 24 0.12 0.04 0.14 0.24 0.48 - 0.1 0.09 0.28 

25/2 Ose. x Grad. 2 0.02 - 0.01 0.5 0.40 0.17 0.6 0.10 0.24 
Ceo. x Strat, 2 0.17 - 0.09 0.04 3..01  0.13 0.12 0.01 0.13 
Resid x Grad. 5 0.16 - 0.1 0.34 0.23 0.17 0.05 0.21 0.44 
Resid x Strat. 5 0.12 - 0.05 0.16 0.03 0.15 0.13 0,07 0.08 
Duplicate 24 0.11 - 0.12 0.23 0.4() 0.06 0.20 0.05 0.35 

4/3 	Ceo. x Grad. 	2 0.13 	0.05 0.06 0.85 0.81 0.06 0.10 0.06 	0.17 
Oso, x Strat. 	20.03 	0.05 0.56 0.05 0.23 	0.05 0.02 0.66 - 	0.45 



Date of 	Mean Square Species of mites 
sampling Variation due 

to 2 3 4 5 6 7 8 
Resid x Grad. 5 0.34 0.05 0.09 0.31 0.06 0.06 0.04 0.14 0.05 
Resid x 3trat. 5 0.12 0.19 0.25 0.31 0.29 0.10 0.09 0.33 0.22 
Duplicate 24 0.16 0.08 0.17 0.64 0.35 0.10 0.07 0.14 0.23 

11/3/63 	Ccc. x Grad. 2 0.38 0.40 0.96 0.55 0.50 	- 0.10 0.22 0.07 
Ccc. x Strat. 2 0.13 0.13 0.19 0.18 0.24 	- 0.02 0.00 0.03 
Resid x Grad. 5 0.11 0•12F4 0.18 0.29 0.63 	- 0.17 0.19 0.32 
Resid x Strat. 5 0.04 0.04 0.13 0.21 0.36 	- 0.12 0.06 0.07 
Du4ica Id- e 24 0.09 0.01 0.10 0.19 0.43 	- 0.17 0.04 0.24 

18/3 	0cc. x Grad, 2 0.02 0.06 0.18 0.16 0.64 	- 0.23 0.06 0.04 
Ccc. x Strat. 2 0.06 0.11 0.03 0.07 0.09 	- 0.13 0.07 0.32 
Resid x Grad. 5 0.18 0.17 0.03 0.34 0.47 	- 0.09 0.08 0.70 
Resid x Strat. 5 0.18 0.17 0.03 0.18 0.06 	- 0.03 0.09 0.11 
Duplicate 24 0.17 0.18 0.10 0.35 0.60 	- 0.08 0.17 0.15 

25/3 	Ccc. x Grad. 2 0.02 0.01 0.34 0.18 0.32 0.04 0.13 	0. 3 0.06 
0cc. x Strat. 2 0.02 0.003 0.12 0.34 0.11 0.01 0.002 0.02 0.50 
Resid x Grad. 5 0.29 0.26 0.07 0.23 0.15 0.04 	0.14 0.24 
Reid x Strat. 5 0.09 0.09 0.09 0.17 0.10 0.05 0.12 	0.08 0.19 
Duplicate 24 0.06 0.21 0.26 0.25 0.15 0.02 0.10 	0.11 0.17 

+ + + 
Species 1.C.blpilia 3. O.calaarata 5. Oppia app. 7. O.min1aus 9. P.robustus 

2.Lgtb'ba 4 	P.piger 6. V.nenorenais 8.E.ostrinus  

bj~o Significance 
Significance 


