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I. INTRODUCTION

The study of the ecology of the soil cannot be 
pursued with any specificity unless the land area and 
animal inhabitants are very limited. A vast number of 
biotopes exist; each being unique in the animal and 
plant populations it supports. The soil is a definite 
biotope where many organisms are found to have their 
habitat. Much confusion relates to the concepts bio
tope, habitat, and niche. These terms are used in the 
sense that Udvardy (1959) delimits them. All studies 
carried out in this area indicate that the soil varies 
considerably as do the populations it supports.

There is a great interdependence between the 
soil and its inhabiting species. Taylor (1935) pro
vides evidence to support animal interactions playing 
a role in soil formation. Droppings, decaying organ
isms, and plant litter are only a few substances which 
are involved in soil formation, in conjunction with de
composers, or decomposer organisms. Jacot (1940) em
phasized the effects of soil animals on soil condition. 
He stated that Acarina constituted the commonest group 
of organisms to be found in the soil, and were
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important for their activities which included digging, 
channeling, and eating out dead roots. Because of 
their abundance and importance, the soil Acarina are 
an excellent group for such studies.

One of the earliest investigators of soil popu
lation studies of Acarina and Collembola was Ford 
(1937) . One aspect of his studies considered the popu
lation structure of two species of mites. Peak popula
tions were found to occur during the winter months. He 
concluded that soil water was the most important popu
lation determinant, since soil mites apparently seek 
out a proper environmental humidity which result in 
movements and population fluctuations.

The type of plant cover affects the overall 
mite population of any particular land plot. Most 
studies have been made in coniferous forest areas such 
as those of Markel (1964), Crossley and Bohnsack (1960) , 
and Hurlbutt (1964). In each case, mites were collect
ed and identified. The results tend to indicate that 
each particular land plot sampled contains individual 
mite species indigenous to it. To date, there have 
been very few studies of soil mite dynamics in de
ciduous forest areas. From the data obtained from 
deciduous stands by Wallwork (1959), and van der Drift
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(1962), similar results are apparent, as mite popu
lations vary widely, both in population size and species 
diversity.

It is very important to base the findings of a 
population study on a statistical analysis of the col
lections. Skellam (1962), and Healy (1962) describe 
methods for analyzing soil population data from a math
ematical standpoint. Cancela Da Fonseca (1965), Debauche 
(1962), Hartenstein (1960), and Nef (1962a) have found 
that soil Acarina populations will fit the Negative 
Binomial Distribution and Poisson. Hartenstein also 
made use of Neyman-A density function and Chi Square 
probability tests.

Population studies of soil Acarina provide more 
information than mere numbers of animals. From the data 
obtained, one might be able to determine the environ
mental factors which influence population size. As pre
viously mentioned, water appears to be a determining 
factor in mite migration. Soil is known to be made up 
of pores, and the size of the pores would determine the 
amount of water and oxygen available to the organism. 
Collis-George (1959), in his consideration of water 
relationships, compared the soil pore system to soil 
water availability. He stated that the energy needed



to remove water from drying soil increases as the soil 
becomes drier. Thus, to obtain water, the animal has 
to perform work at least equal to the energy which 
retains water in the soil. As water leaves the soil 
naturally, such as in the lowering of the water table, 
suctions occur in the pores of the soil. At high suc
tions, the animal has the ability either to obtain 
water against these suctions, or is capable of with
standing desication until that period of time when 
temporary periods of low energy, dew formation, or 
showers arrive. Thus, the energy requirements of ani
mals, and their distribution, could be expected to be 
different in sites of rapid drainage as compared with 
imperfectly drained sites.

Wharton (1963), defines equilibrium humidity 
as the relative humidity of the air at which no net 
change of weight occurs. Therefore, equilibrium 
humidities are of real significance to the survival of 
an organism only when free water is unavailable to them 
during periods of estivation, hibernation, fasting, or 
larval stages.

Force fields originating from soil water were 
studied by Rapoport and Tschapek (1967). The soil 
water is subjected to adsorbtion, osmotic pressure,



capillary pressure, gravitational field, and external 
gas pressure. Hygroreceptors were found in the fore
legs of Belba. In his study of Belba geniculosa,
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Madge (1966) found certain external stimuli to have an 
over-riding influence over others in the following 
order of decreasing magnitude: 1) temperature, 2) rel
ative humidity, 3) contact, and 4) moisture. Small 
humidity fluctuations are quickly detected by the mites; 
especially differences in high humidity. Undoubtedly, 
mites react to these unfavorable humidity fluctuations 
by migrating to deeper and moister environments.

Rixon and Bridge (1968) showed a relationship 
between available oxygen supply of micro-organisms and 
moisture content by determining the respiratory quo
tient. There is an increased occupation of soil pores 
by air as matric suction increases. As a result, the 
supply of oxygen improves.

It can be seen that the water content of soil 
plays a major role in mite populations and movements. 
Other factors have also been studied, which appear to 
influence the behavior of soil Acarina. Movements 
corresponding to changes in temperature have been 
observed by Popp (1964), Madge (o£. cit.), and Collis-
George (o£. cit.). Madge reported that the mites
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preferred a narrow range of relatively low temperature 
in the laboratory— adults 13.6°C; juveniles 13.0°C-~ 
which is slightly higher than the average annual tem
perature— 11.5°C— of the litter layer in their habitat. 
They tolerate temperature extremes well above or below 
that of their environment. Collis-George stated that 
thermal conductivity of a wet soil is greater than 
that of dry soil. Consequently, temperature gradients 
over a column of wet soil are smaller than those over 
a dry one for the same heat input at the surface.

Some research has been initiated to determine 
the effects of various chemical constituents of the 
soil on soil Acarina. Helle (1963) reported that 
Acarina had a high ability to adapt to chemical stress. 
It has been postulated that much of this adaptability 
is possible through genetic potencies. Some chemical 
effects have been demonstrated by Vezina (1965), Popp 
(op. cit.), and M&rkel (op cit.). Phosphorus and 
calcium are common soil chemicals; and, in some cases, 
mite populations can be correlated with these elements. 
The soil pH varies considerably with different soil 
types; however, correlations between mite populations 
and fluctuating pH have not been found.
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Ecological studies of mites have not been 
restricted solely to field studies. Rohde (1959) 
cultured mites in the laboratory and was able to 
determine the life cycles of two species, Caloglyphus 
mycophagus and Fascurapoda marginata. These prelim
inary studies indicated that these oribatids have 
life cycles which required up to two months for com
pletion. Mite cultures used by Crossley and Witkamp 
(1964) support the importance of mites in the role of 
soil formation and litter breakdown. Litter contain
ing mites showed less weight retention of litter in 
one year, than litter devoid of these organisms. 
Approximately 40% of the litter containing mites was 
retained, compared with a 55% weight retention of 
litter without mites.

Mites are not restricted to the soil environ
ment. Many can be found in litter, as well as on 
plants and animals. The majority of organisms con
stituting the soil fauna are, however, mites.

From a review of the literature, it is evident 
that mite populations show considerable variation in 
both their occurence in land terrain and location. 
Franz (1962) emphasized the importance of describing
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the total landscape and its history, since this ulti
mately determines the environmental influences.

Fontenelle Forest was selected for this study 
because of its contents and location which is just 
south of Omaha, Nebraska. This 1500 acre tract of 
land is populated with various deciduous trees and 
shrubs. Contrasting terrains are present which 
include wooded bluffs, a wooded flood plain, and a 
relict prairie. There is no history of natural catas- 
trophies or interference by man in this area, and the 
tract has been protected since 1912. A recent study 
was initiated and completed in Fontenelle Forest by 
Kramer (1968), which dealt with the soil Collembola. 
The plots used in this study are identical to those 
used by Kramer.



II. STATEMENT OF THE PROBLEM

An investigation was undertaken in Fontenelle 
Forest to study the various species of soil Acarina 
indigenous to this area. This study was made to deter
mine if environmental factors could be correlated with 
the seasonal population fluctuation.

Evidence shows that the soil fauna is almost 
entirely confined to the upper three to six centimeters 
of soil (Dowdy, 1944). Soil animals are rarely dis
tributed at random in their habitat, since their dis
tribution is practically always aggregated (Débauché, 
0£. cit.). Thus the environment, both micro and macro, 
must influence the presence of the species and its 
location in the soil. From material presented in the 
introduction, one might assume temperature, water, 
soil chemicals, and food supply to be important factors 
determining a mite population.

The soil closest to the surface is more readily 
affected by any change in air temperature. The lower 
levels tend to be more stable with respect to tempera
ture. Popp (o£. cit.) found that vertical migration 
took place among the Acarina in response to daily 
changes in temperature.



10

A similar situation would hold for available 
soil water. The terrain would influence the amount of 
available water. An excess or deficiency cause these 
organisms to migrate either vertically or horizontally. 
The cuticular covering of the mites offers some pro
tection to variable water conditions of the environment. 
The cuticle also provides some protection and resist
ance to the actions of soil chemicals.

As already pointed out, litter appears to be an 
important food source for the mites. Some species of 
Collembola also serve as a food source because of their 
integrated relationship with the mites, as suggested by 
Wallwork (o£. cit.). There should be a correlation 
between Collembola populations and mite populations.

The purpose of this investigation, therefore, 
is threefold; 1) to determine the composition of the 
mite population, 2) to determine the degree of influence 
which environmental factors have on the mite population, 
and 3) to determine if vertical migration occurs.

Wallwork stated the increase and decrease of 
population numbers can be due to three things: 1) 
death, 2) vertical movement, and 3) emergence of new 
forms. Using these criteria as a basis for study, it 
was felt that death and emergence of new forms were
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evident factors in causing fluctuations. However, 
other factors should be studied to determine their 
influence on vertical movements of the populations.

A tentative hypothesis was formulated. It is 
postulated that Fontenelle Forest is unique in its 
soil Acarina population, although species and popula
tion numbers are unknown. Population fluctuation 
could respond to changes in the immediate environment 
to a greater degree, and the logical means of escape 
from an unfavorable environment would be through verti
cal movements. It was assumed that the most influ
ential environmental controls would be soil water and 
soil temperature. Since peaks in population numbers 
can occur anytime throughout the year, other control
ling factors must also be present which would include 
soil chemicals, soil consistency, and physiological 
control on the part of the organism. It is presumed 
that the organism would migrate to maintain itself in 
a favorable micro-environment.

Samples were made from two different areas of 
the forest, so as to include any difference in soil 
conditions, and ultimately the micro-environment.
These two areas were the flood plain level, and the 
ridge area where collections were made. Two samples
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were collected from each study area biweekly for 
eleven months. Each sample consisted of two parts; a 
soil core taken from the upper two inches of soil, 
excluding litter, and a soil core taken from the next 
two inches of soil immediately underneath the first, 
going to a total depth of four inches. It was felt 
that this was a sufficient depth to include the major
ity of the mite population present.



III. METHODS

Selection of Plots
Two sites were selected for collecting areas. 

These sites differed highly with respect to terrain, 
drainage, litter cover, plant growth, and soil texture. 
The sites chosen are far enough from roads and paths, 
so as to maintain a natural condition, and yet still 
be easily accessible for collections. The two plots 
are exactly similar to two used by Kramer in his 
study.
Description of Plots

Plot 1, located on the flood plain, is at the 
east end of Fontenelle Forest and south of Camp Gifford 
Road. It is exactly 83 feet due west of the fence that 
marks the eastern boundary of the forest, and 284 feet 
due south of the center of Gifford road. The dominant 
tree of this collection area is the American elm,
Ulmus americana, which forms the canopy layer. The 
predominant annuals are the taller slender nettle, 
Urtica gracilis, the stinging nettle, Urtica dioica, 
and Viola spp. The nettles are thick in this area, 
with one plant approximately every six to eight inches 
apart, and many growing to a height of three feet.
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The litter cover is thick during the winter, spring 
and fall. Land snails, such as Polygyra multilineata, 
are plentiful in this area, and will account for some 
litter breakdown due to their feeding. The soil con
sists of decayed organic material and a clay-sand silt 
that is deposited by frequent spring floods. Drainage 
in this area is poor; however, no flooding occurred 
during the time collections were taken.

Plot 2 is located near the top of a bluff. It 
is exactly 581 feet south of the center of Gifford 
road, and 400 feet due west from the center of the 
railroad tracks. The approximate elevation above the 
flood plain is 190 feet, according to contour maps of 
the area. The predominant tree forming the canopy of 
this area is oak. Oak and elm seedlings form the 
plant cover close to the ground. Predominant annuals 
of this area include Viola spp. and greenbrier,
Smilax tamnoides. This location, which is on the 
easterly slope of the bluff, is well sheltered, and 
consequently there is a thick litter cover throughout 
the entire year. The soil is quite coarse in texture 
and abundant with partially decayed organic material.



15

Sampling
Samples were taken biweekly starting February 

20, 1968 and ending on December 10, 1968r making a 
total of 22 collection dates. Collections were made 
approximately two hours after sunrise. A natural 
landmark was noted at each plot. Using this to locate 
the particular plot, the sample was taken at random 
within a six foot radius of the natural landmark. The 
litter was brushed aside so as to expose the top soil.
A metal tubular soil core sampler, measuring two inches 
in diameter, was inserted into the top soil to a depth 
of two inches. Removing the sampler resulted in 
approximately 6.28 cubic inches of soil remaining in 
it. This soil was removed and placed in a metal can- 
nister. The core sampler was then inserted into the 
soil again in the very same location. This time it 
penetrated to a depth of four inches, in an attempt to 
remove the two inches of soil immediately beneath the 
top two inches of soil already removed. Thus each 
collection date resulted in a total of four samples; 
two from the flood plain and two from the ridge area. 
These samples were returned to the laboratory and 
placed in separate Berlese Funnels for extraction of 
organisms.
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Extracting Apparatus
Several methods may be employed for the 

extraction of micro-invertebrates from the soil. The 
most common in use are the Berlese Funnel, or the 
Tullgren Funnel. The method involves placing the soil 
samples in a funnel under a heat source, and collect
ing the specimens in a bottle containing fixative 
underneath the funnel. Nef (1962b) gives evidence 
that the mites are driven out mainly by desiccation, 
and only slightly by temperature, light, and gravity, 
using the Tullgren method. The Berlese Funnel is 
known to have a fairly low efficiency (Murphy, 1962), 
and some of the reasons for this might include poorly 
developed locomotory organs of the species (Haarl^v, 
1962) , however, Murphy found greater efficiency using 
smaller samples of soil. Brennan (1965) suggested 
placing wood strips under the screen holding soil in 
the funnel, so as to reduce the amount of debris 
falling into the specimen jar.

A Berlese Funnel apparatus was used for 
extraction of the mites. A 60 watt light bulb with an 
aluminum reflector was placed four inches above the 
top of the funnel. A wide mouth, glass jar partially 
filled with a 70% alcohol solution was placed
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underneath the funnel. The alcohol solution served 
both as a fixative and a preservative. A screen at 
the bottom of the funnel served to hold the soil in 
the funnel.

After placing the soil in the funnel, large 
lumps were broken up so as to expose more surface area 
of the soil. The length of exposure to heat was one 
week. The samples were weighed before and after 
extraction of the animal species to determine soil 
moisture. It was found that complete drying of the 
soil was accomplished in the period of one week.
The Physical Environment

At the time of each collection, several environ
mental measurements were taken. Soil temperature of 
the top two inches of soil and the lower two inches of 
soil was determined by use of a field glass thermometer 
calibrated in degrees Centigrade. The thermometer was 
inserted into the soil to a specific depth of approx
imately two centimeters. The same instrument was used 
for determining air temperature of both terrain areas.

The atmospheric relative humidity was taken at 
each collection date using a wet and dry bulb sling 
psychrometer.
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After extraction of the mites, each soil sample 
was tested for various chemical constituents. Tests 
were made for pH, phosphorus, potassium, and calcium 
using the standard Hellige-Truog soil analysis kit.
The pH was determined by use of a Triplex Indicator. 
Efficiency of this method was checked periodically 
against a method suggested by Vezina which involves 
a 50-50 water-soil powder suspension and testing with 
a pH meter.

Soil phosphorus content was determined by use 
of a molybdenum blue test. Stannous chloride acted as 
a reducing agent, and the resulting blue color of the 
reaction was visually compared to a color standard.

The calcium content of each soil sample was 
determined by use of a turbidity test. Sodium oxalate 
was placed in a basic solution to precipitate calcium 
ions. The cloudy solution formed was compared to a 
standard turbidity gauge. This reaction will also 
precipitate out magnesium ions at a slower rate, which 
adds to the turbidity. Therefore, turbidity readings 
were taken immediately after the addition of sodium 
oxalate.

Soil potassium content was determined by 
forming a complex between the potassium ion with
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sodium cobalti-nitrite in an alcoholic sodium acetate 
solution. This reaction resulted in a turbid solution 
which was measured by comparison with a standard gauge.

By using the standard procedure outlined by 
the Hellige-Troug kit for testing phosphorus, calcium, 
and potassium it was found the chemical content of the 
soil samples were much higher than the highest value 
shown on the standard gauge provided. Thus, dilutions 
of the sample were made until a reading was possible.
The value obtained from the standard gauge was then 
multiplied by the amount of dilution made.
Separation and Fixation of the Organisms

After one week the collecting jars were removed 
from the Berlese Funnels. Taking each jar separately, 
the contents was poured into a petri dish, and placed 
under a dissecting microscope. The mites were sepa
rated out, counted, and removed using a Pasteur Pipette. 
The different species found were permanently mounted 
on slides for later identification. Additional dupli
cate mites were placed in small vials containing a 
mixture of 70% alcohol and glycerin, derived from 
ideas suggested by Sengbusch (1963) . Photographs were 
taken of selected individual species previously 
mounted on the slides using a combination microscope



and camera. Staining of the organisms was not neces 
sary for identification. Measurements were taken of 
the mounted organisms using an ocular micrometer.



IV. RAW DATA

The quantitative data obtained on the general 
Acarina populations are presented in Graphs 1 and 2. 
Seasonal variance of the two most common groups are 
given in Tables 1 and 2. Variance of the physical 
environmental factors are presented in Graphs 3-13.

The soil Acarina populations of each soil 
level sampled were statistically compared using 
Students' t-Test. The purpose of this test was to 
determine whether each sample differed significantly 
from the other, or whether any difference obtained 
would be due only to random sampling. The results of 
these tests are given on Table 3.

Physical environmental factors were compared 
to Acarina populations from each soil level sampled, 
by use of the Pearson Correlation Coefficient. If the 
value obtained is close to a positive 1, a strong 
positive correlation exists. If the value is close to 
a negative 1, a strong negative correlation is appar
ent. A value obtained close to 0 would indicate a very 
weak or no correlation. The results of these compari
sons are presented in Table 4.
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Plate 1. Ceratozetidae Jacot 1925 
28.08 X 41.60 miera.

Plate 2. Ceratozetidae Jacot 1925 
29.12 X 37.44 micra. Distinct cuticle (broken).
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Plate 3. Ceratozetidae Jacot 1925 
19.76 X 23.92 micrä^ 

Juvenile form.

Plate 4. Bdella spp 
18.72 X 4^.92 miera







Plate 9. Bdella spp. 
12.48 X 43 7 6 F micFa. 

Eggs present.
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Table 1.
SEASONAL DISTRIBUTION OF 
CERATOZETIDAE JACOT 1925

COLLECTION
DATE

FLOOD 
PLAIN 
UPPER 
2 IN.

FLOOD 
PLAIN 
LOWER 
2 IN.

RIDGE 
UPPER 
2 IN.

RIDGE 
LOWER 
2 IN.

FEB. 20 0 0 0 0MARCH 5 0 0 0 019 0 0 1 0APRIL 2 0 0 3 016 0 0 2 030 0 0 3 0MAY 14 0 0 0 028 0 0 1 0JUNE 11 0 0 0 025 0 0 0 0JULY 9 0 0 1 023 0 0 2 0AUG. 6 0 0 0 020 0 0 0 0SEPT. 3 0 0 1 017 0 0 2 0OCT. 1 0 0 15 515 0 0 13 129 0 0 4 0NOV. 12 0 0 2 626 0 0 2 3DEC. 10 0 0 0 1
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Table 2.
SEASONAL DISTRIBUTION OF

BDELLA spp.

COLLECTION
DATE

FLOOD 
PLAIN 
UPPER 
2 IN.

FLOOD 
PLAIN 
LOWER 
2 IN.

RIDGE 
UPPER 
2 IN.

RIDGE 
LOWER 
2 IN.

FEB. 20 0 0 0 0MARCH 5 0 0 0 019 0 0 0 0APRIL 2 0 0 0 0
16 0 0 0 030 1 0 0 0MAY 14 0 0 3 0
28 3 0 1 0

JUNE 11 0 0 0 025 2 0 0 0JULY 9 3 0 12 4
23 4 0 7 0

AUG. 6 1 0 1 120 1 1 2 3
SEPT. 3 2 0 1 1

17 3 1 5 0OCT. 1 1 0 1 0
15 0 0 1 0
29 1 1 9 0NOV. 12 0 0 3 126 4 0 3 1DEC. 10 0 1 4 0
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Table 3.
COMPARISON OF MITE POPULATIONS

Xis.e. (N)
CALCULATED 
t VALUE 

(42 Degrees 
of Freedom)

PROBABILITY 
(40 Degrees 
of Freedom)

FLOOD PLAIN 
UPPER 2 IN. 

TO
FLOOD PLAIN 
LOWER 2 IN.

1.2710.32 (22) 

0.1810.08 (22)
3.26 0.01

RIDGE
UPPER 2 IN.

TO
RIDGE

LOWER 2 IN.

7.0511.30 (22) 

2.0910.48 (22)
3.55 0.01

FLOOD PLAIN 
UPPER 2 IN. 

TO
RIDGE

UPPER 2 IN.

1.2710.32 (22) 

7.0511.30 (22)
4.42 0.001

FLOOD PLAIN 
LOWER 2 IN. 

TO
RIDGE

LOWER 2 IN.

0.1810.08 (22) 

2.0910.48 (22)
3.39 0.001



Table 4.
COMPARISON OF ENVIRONMENTAL FACTORS WITH MITE POPULATIONS

POPULATION SOIL
TEMP. SOIL

WATER PHOSPHORUS
CONTENT POTASSIUM

CONTENT CALCIUM
CONTENT COLLEMBOLA

FLOOD PLAIN 
UPPER 2 IN. 0.42* -0.37* 0.039* 0.37* 0.054* 0.40
FLOOD PLAIN 
LOWER 2 IN. -0.06 -0.09 0.13 0.265 -0.412 -0.20

RIDGE 
UPPER 2 IN. 0.24* -0.45* -0.04 0.67* -0.28* 0.39*
RIDGE 

LOWER 2 IN. 0.21 -0.27 -0.172 0.53* -0.297* -0.15

* P<0 .05

o
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Graph 12.
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Graph 13.
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V. DISCUSSION

A problem was found to exist in locating a 
suitable key for the identification of the mite species 
found. It was, therefore, not possible to identify all 
of the individuals to the species. It was possible, 
however, to key the individual mite to its family with 
obtainable keys. Five of the most common species found 
m  the sampling, and their description, are presented 
in Plates 1-9. Measurements are provided to give size 
relationship to each other and to the environment.

Population peaks were found to occur on July 
9, and on October 1, for the ridge, and July 9, and 
November 26, for the flood plain, as indicated in Graphs 
1 and 2. This correlates rather well with results ob
tained by Wallwork (o£. cit.). Lions (1966), on the 
other hand, obtained peaks which were quite different. 
This would further substantiate the hypothesis that the 
environment is influential in determining the specific
mite population, as well as their activities within the 
environment.

Using Students' t-Test on the four sampling 
areas, the mite population of each sample was

V
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significantly different between the levels sampled.and 
the corresponding terrain areas. The results of this • 
test are given in Table 3. This would indicate that 
the immediate micro-environment is influencing the dis
tribution and movement of the mite population. This 
micro-environment must, therefore, vary significantly 
not only between the flood plain and ridge, but also 
within the four inches of soil sampled.

Two groups were found to dominate over all of 
the other groups recovered during the study. These two 
,are gdella sp£. and members of the family Ceratozetidae. 
Their distributions are presented in Tables 1 and 2.
One species of the family Ceratozetidae was found to be 
indigenous only to the soil of the ridge. Since the 
largest numbers of this species exist in the upper two 
inches of soil, the few found in the lower two inches 
of soil between October and December could be due to 
accidental wandering of new forms, as suggested by 
Wallwork. This particular species is dark brown in
color and has a relatively thick cuticle, as shown in 
Plate 2.

Bdella £££. appear to be more universal in 
their distribution between the four sampling areas.
The seasonal distribution of the representatives of this
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family are presented in Table 2. They apparently are 
very durable organisms, as they are the only ones ex
clusively found in the lower two inches of the flood 
plain. Again the upper two inches of soil in the 
ridge appear to be the most favorable for the organisms 
as it is for the other mite species.
Soil

Soil texture was found to differ greatly be
tween the two study areas. As expected, the flood 
plain soil was found to be principally a sand-silt.
This was particularly true of the lower two inches of 
soil. The upper two inches of soil was found to con
tain some organic material. This could be detected by 
the difference in color. Whereas the lower two inches 
was brown in color, the upper two inches appeared more 
black, upon careful examination of the flood plain soil 
it was found to be quite compact, with few, if any,
pores. This could account for the small mite popula
tions found within this soil.

The ridge soil was very dark in color in both
levels of sampling. This could be accounted for by the 
presence of more organic material. The soil was always 
quite loose when collected. Upon careful examination, 
the soil was found to be highly porous, and somewhat
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more coarse than the soil of the flood plain. Again, 
this particular soil condition could be associated with 
the high mite populations found within it.

Correlations of environmental factors to the
mite populations are presented in Table 4. All figures 
are based on the Pearson Correlation Coefficient. Each 
figure was tested for significance using the t formula

an asterisk if significance was determined. Any figure 
which does not have an asterisk after it did not test 
to be significant. Marked values tested to a P<0.05 
using the two-sided t-Test.
Temperature

important factors controlling mite populations is soil 
temperature. The soil temperature was taken for each 
sample at the time of collection, and the data for this 
is presented in Graphs 3 and 4. Positive correlations 
are attained for temperature and mite populations, 
except for the flood plain lower two inches of soil, 
when temperatures and mite populations were correlated. 
This data is presented in Table 4. The correlations 
obtained are quite weak. This might suggest a tendency 
towards temperature having little effect on the mite

in which marked accordingly with

According to Dowdy (op. cit.), one of the most
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populations; however, the weakness could be due, in 
part, to the small size of the populations.
Water

Specific soil water values are presented in 
Graphs 5 and 6. Table 4 shows a negative correlation 
of mite populations to soil water. Again, the corre
lations are quite weak, suggesting that water appears 
to have little influence on the mite populations. 
Relative air humidity, Graph 7, can be seen to exert 
little, or no, influence on either soil water content, 
or on the mite populations.
Minerals

Soil phosphorus content, of all mineral factors 
tested, gave the weakest correlation to the mite pop
ulations. The seasonal variance of soil phosphorus is 
presented in Graphs 8 and 9. It should be noted, how
ever, that only the upper two inches of the flood 
plain tested to a P<0.05.

Variance in the soil potassium content is 
given in Graphs 10 and 11. The strongest positive 
correlation to mite populations appears here; however, 
there is still a tendency for these values to be 
relatively weak.
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Weak correlations were observed also for the 
calcium content of the soil. The correlation was 
negative for three collecting sites. The flood plain 
upper two inches of soil gave a very slight positive 
correlation. Seasonal soil calcium content is pre
sented in Graphs 12 and 13.

The soil pH did not vary for any of the sam
ples. It remained at pH 8 during the study. Thus it 
appears the soil pH is not affecting the mite popu
lations in this study.

Table 4 shows that one half of all of the cal
culated correlations do test to a P<0.05. None of the 
correlations obtained for the flood plain lower two 
inches of soil tested significant; and only a few of 
the ridge lower two inches of soil were significant. 
However, the correlations obtained from these two areas 
appear to fit to a favorable order of magnitude with 
the other significant values. This might further sub
stantiate the data from Table 3 which states that the 
two levels of soil sampled in each terrain are entirely 
different environments.

Correlations of Collembola from each sampling 
area with the mite populations were also made. This 
data is presented in Table 4. Again, weak correlations



50

exist, and only the upper two inches of soil from the 
ridge area were correlated significantly. Work by 
Kramer would support this, since Collembola population 
peaks were observed to occur at different times.

It might be pertinent to make mention of two 
error factors involved in this entire study. As stated 
previously, the Berlese Funnel is known to have a low 
efficiency for extraction. It is felt, however, the 
Berlese Funnels used in this study operated at their 
peak performance since very small soil samples were 
used. Because of the high chemical content found in 
the soil, soil extracts had to be diluted, as stated 
in the section on methods. However, additional care 
was taken so as to assure uniformity throughout all 
tests conducted.

From the data obtained, it appears that there 
is no significant vertical migration taking place.
The populations of mites vary in each sample area, thus 
indicating the mites are moving to some other location. 
The data, however, gives no strong evidence of active 
movement within the four inches of soil sampled, 
except perhaps in the very cold months when more were 
in the lower two inches on the ridge. Since litter 
was not considered in this study, it is possible that



some movement between the top soil and the litter is 
taking place. Movement from the lower two inches 
downward is also possible.

Some evidence was obtained for establishing a 
time for emergence of young. Juvenile Ceratozetidae 
were first detected in early October. A specimen of 
this family is shown in Plate 3. The presence of 
these individuals at this particular time would sug
gest that egg laying takes place in late summer. 
Careful examination of the Bdella sp. presented in 
Plate 9 shows a well defined uterus filled with eggs. 
This individual was collected on August 6, giving 
further evidence for egg laying during late summer.

51



VI. CONCLUSION

Each sample taken from the area under study 
was found to contain a mite population. These areas 
were micro-environments with their own particular 
species and population. This is verified by use of 
Students' t-Test.

The first population peak was recorded to occur 
in July. This could have been influenced by environ
mental changes in soil temperature, water, chemical 
content, and available food. The second peak was 
observed in the fall. This condition prevailed in both 
terrain areas and probably was due to emergence of the 
young. It is felt that egg laying occurs in late sum
mer from evidence obtained, and the young emerge 
shortly thereafter.

No single factor, of all environmental factors 
tested, showed a strong correlation to the mite popu
lation. Since some similarity is apparent in the 
tested environmental factors between soil layers and 
both terrains, it is possible to infer that the soil 
texture could serve as a limiting factor to some 
extent over the mite population.
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Any vertical migration that may be taking place 
within the four inches of soil sampled is not supported 
by the data obtained. It would appear the mites pos
sess other means of escape from an unfavorable micro
environment other than just by vertical migration.
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