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PREFACE

Acarology, or the study of mites, has traditionally
been unattractive to students in entomology, partly due to
the minute size and the concealed existence of the mite.
This is particularly true with terrestrial mites such as
Oribatei. However, because this mite is important in the
transmission of tapeworms among farm animals, more informa-.
tion about the way of life of the mite 1s necessary. An
ecological approach was taken in the study reported here.

The author is highly indebted to his adviser, Dr. D.

E. Howell, Professor and Head of the Department of
Entomology, for his advice and criticism, his great patience
and understanding, his help and encouragement, during the
course of the study and in the preparation of the ménu-
script. Special gratitude is expressed for his instrumental
help to enable the author to complete his study program at
Oklahoma State University.

The author is very grateful to Dr. R. R. Walton, Pro-
fessor of Entomolegy, Dr. E. D. Besch, former Professor and
Head of the Department of Veterinary Parasitology and Public
Health, now Dean of the College of Veterinary Medlicine,
-Louisiana State University, and Dr. J. H. Young, Professor

5f Entomology, who served on the Advisory Committee for the
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author, for their suggestions, help, and criticism of the
manuscript.

He is also grateful to these fcllowing persons;

Dr. L. H. Moe, formerly of the Large Animal Clinic, College
of Veterinary Medicine, who helped with locating the pas-
ture with a history of monieziasis; Dr. D, H. Johnston,
Curator of the Acarology Laboratory, Ohlo Agricultural Re-
search and Development Cehter and the Ohio State University,
for his information concerning oribatid taxonomy and tech-
niques; Dr. W. E. McMurphy, Assistant Professor of Agronomy,
for identifying the grass speciles; and Mr. Harold W. Ward,
who let the author use his land for study and who gave gen-
erous cooperation during the entire sampling perilod.

The author's training in the United States is under the
Progrém for Intérnational Development sponsored by the
United Stateé Government, ﬁo whom he 1s very grateful. He
is also grateful to the Indonesian Government who grantea a
leave of absence; to Dr. R. A. Muchlis who initially nomina-
ted the author for the participation in the Program; and to
the administrators of Bogor Institute of Agricultural
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requirements for the degree of Doctor of Philosophy.

The author would like to eipress his sincere gratitude
to these following administrators: Dr. Wm. Hugh Jansen,

Mr. Nicholas M. Rice, and Dr, William A. Buckner,“Co~
ordinator and Associate Coordinators, respectively, of the

former Office of Overseas (Contracts, University of Kentucky,
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national Development, Washington, D.C., the author's present
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CHAPTER I
INTRODUCTION

It has been said that the ultimate objective of sciencq
is to find formulas for explaining various phenomena of |
nature. Before such an explanation can be made, thorough
knowledge about the phenomena must first be acquired. For
that purpose a series of repeated systematic observations
or experimentations must be undertaken. It can be said,
therefore,; that part of scilence is an accumulatiocn and de-
gcription of facts. With regard to an ecosystem, with all
the complex interrelationships among its various components,
direct or simple observations often beccme the major part of
a scientific resesarch.

In recent years many surveys have been made on the peop-=
ulations of oribatid mites, a group of free living, terres-
trial mites. Formerly considered for taxonomic interest
only, this group 1s now receiving attention from researchers
of different scientific disciplines. The discovery by

Stunkard (1937) of the life cycle of Moniezia expansa

Rudolphi, the double-pored tapeworm of sheep, in which one
species of oribatid mite was involved as an lntermediate

host, has made the group of speclal importance to parasit-
ologists and zoologists. 1t is alsec generally agreed that,
as soll inhabiting animals, the mites are important factors
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in promoting soil fertility through breaking down organic
matter by digestion (Baker and Wharton, 1952). Moreover,
the mites can be used by ecologists as biclogidkl indicators
because they are sensitive to the changes in the conditions
of their nabural habitat,

Aware of the economic 1lmportance of oribatid mites, an
increased amount of work has been done by the taxonomists.
THis mass of information now forms the bulk of the oribvatid
literature. However, because of the large size and the
heterogeneity of the group, only an estimated seventy per
cent of the described genera has been brought up to date
taxonomically (Balagh, 1961).

While the taxonocmy of oribatid mites has a long history,
studies on their ecology are relatively recent. The ecolog-
ical studles of the mites in pastures have been carried out
primarily as a result of Stunkard's report. Such a study is
indeed esséntial to fully understand the epidemiology or
epizootlology of an arthropod-borne disease. To obtain ef-
fective control and preventlion of such a disease; informa-
tion on the distribution and habit of the vector or inter-
mediate host 1s of great value.

Anoplocephalid cestodes are known to have a world wide
distribution. The studies on the ecology and zoogeography
of the intermediate hosts, however, are rather limited from
the world standpoint. Desplte the cosmopolitan occurrence
of Moniezia, for example, the recent reports come mostly

from East BEuropean countries. In the United States sources



of citations are mainly the work of Krull (1939) in Belts-

ville, Maryland, Kates and Runkel (1948) in Beltsville and

South Dakota, Edney and Kelley (1953), Wallwork and

Rodriquez (1961), and Ibarra et al., (1965), all in Kentucky,

The need for more documentation is still true now ss it was

twenty years ago when Kates and Runkel (1948) pointed out

as follows:

Although more information is now available con mite
vectors of Moniezlia expansa than on those other
Anoplocephaline cestodes, the information is still
decidedly fragmentary from a geographical point of
view, 8o few studies have been made on mites con-
cerned in natural transmission that it is impossible
to predict what specles are present on pastures widely
separated geographically or even from pasture to
pasture 1in the same locality.

In hope of making some contribution to such a need, a

survey was made on two pastures and an ungrazed grassland

near Stillwater. The objectives of the survey were:

10
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to study the abundance of the known intermediate hosts;
to determine which of the local specles may serve as
natural intermediate host or hosts;

to study the organization of cribatid community on pas-
tures;

to study the spatial distributions of oribatid mite pop-
ulations;

to study the seasonal fluctuations of oribatid mite
populations in the Stillwater area;

to study the effects of vegetation on oribatid popula-

tions.



CHAPTER II

REVIEW OF LITERATURE
The Taxonomy and Nomenclature of Oribatid Mite

According to the taxonomic system presently followed
by the Acarology Laboratory at Weoster, Ohio, the oribatid
mite 1s given a subordinal status, the suborder ORIBATEI.
This is a large and heterogeneous taxon, consisting of
usually dark colored mites which vary in size from 200 to
1,500 microns. Baker and Wharton (1952) summarized the

characteristics of the group as follows:

The gnathosoma 1s usually concealed within a camero-
stome, stigma and tracheae may be ppresent, opening into
porose areas, Pseudostigmatic organs are generally
present on the propodosoma. JThe body is usually
strongly sclerotized, dark in color, and when not
thusly armored, the skin is leathery. The coxal apo-
demes are sunk benesath the skin but are still visible,
although not as strongly so a&s in the Acaridiae. The
tarsi have one to three claws and are without ca-
runcles., The palpi usually have five movable segments.
The two sexXxes are similar. Three pairs of genital
suckers are present; the males do not possess adanal
suckers; and both sexes generally have the genital and
anal openings covered by lidlike shields.

As in the case of many other groups of organisms, there
have been different opiniens as to the taxoncmic status and
nomenclature of the oribatid mite. The taxonomiec assignment

of Oribatel cannot be traced without reviewing the different

systems proposed in the higher classification of the Acari.
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This classification is still the subject of disagreement and
therefore is considered unstableé. A brief review is pre-
sented here.

Linnaeus (1958) in his classification (Systema Naturae)

included all the Acari in one genus, Acarus, in the order
APTERA, class INSECTA. Subsequent classifications were
based on ecological criterla or on simple morphological
features. According to Evans, et al., (1961), modern
classification schemes are structured after Kramer (Arch.
Naturg. 2:215-247; 1877) who divided the Acari into two

ma jor divisions or suborders, i.e., TRACHEATA, adult mites
with tracheae 1in some stage of development, and ATRACHEATA,
adult mites without any trace of tracheae,

The name ORIBATEI was first created by Duges (183L) who
considered the group as a family in the order ACARI. Accord-
ing to Evans, et al., (1961), Kramer in his classification
placed the family ORIBATIDAE in the suborder TRACHEATA of
the order ACARINA; thils classification was later extended or
modified successively by Canestrini (Atti Ist. Venete 38:
699-725; 1891), Berlese (Riv. Pat. Beg. 7:312-34li), Reuter
(Acta Soc. Sci. Fenn. 36:1-288; 1909), and Berlese

(Acarotheca Ttalica. Firence; 1913). Canestrini regarded

Acarl as a class and gave Uribatel ordinal status with the
name CRYPTOSTIGMATA. Berlese in 1899 added to this order a
group of mites called Sarcoptina and reduced the rank of
Oribatel to suborder. Reuter mecdified Berlese's system, he

reduced the rank of the Acari back to an order and proposed



new names for all suborders; the O:ibatei was considered as

a superfamily, ORIBATOIDEA, and was included in the suborder
SARCOPTIFORMES. And finally, in 1913 Berlese separated the

Sarcoptina from the Cryptostigmata, but considered the lat-

ter as a suborder.

A Dutch Acarolegist, Oudemans (1906), elevated the
Oribatel to a subclass, OCTOSTIGMATA, one of the five sub-
divisions of the class Acari. Later, however (1923), he
changed his o©ld classification, reducing the Acaril to ordi-
nal status with six suborders. In 1931, recognizing the
close natural affinities among the suborders Sarcoptiformes,
Trombidiformes, and Tetrapodili, he combined them into one
suborder, Trombidi-Sarcoptiformes.

Grand jean (1935) divided the Acari into two major divi=-
. sions based on the presence or absence of actinochitin in
the setae, i.e., ACTINOCHITINOSI and ANACTINOCHITINOSI.
Evans, et al., (1961) regarded ﬁhese two divisions as super-
orders, and renamed them ACTINOCHAETA and ANACTINOCHAETA,
respectively. According to these authors, Zachvatkin (Mag.
Parasitol., 14:5-46; 1952) created the order ACARIFORMES for
the Actinochitinosl and proposed the use of the ordinal
name PARASITIFORMES Reuter, 1909, for Anactinochitinosi.

In the United States, Baker and Wharton (1952) and
Baker, et al., (1958) considered the Acari as an order with
five subdivisions, and placed the supercohort ORIBATEI in
the suborder Sarcoptiformes. The Acarology Laboratory

presently agrees with the ordinal deslgnations of Acari-



formes and Parasitiformes, and considers the Oribatei as a
suborder. Johnston (196l) of the Acarology Laberatory sum-
marized the presently followed classification and synonyms

as appear below:

subclass ACARI Leach, 1817
Monomerosomata Leach, 1815
Acarina Nitzsch, 1818
Acaromorpha Dubinin, 1956
order ACARIFORMES Zachvatkin, 1952
Trombidi~Saroptiformes Oudemans, 1931
Actinochitinosi Grandjean, 1935
Actinotrichida van der Hammen, 1960
Actinochaeta Evans, Sheal, and McFarlane, 1961
suborder ORIBATEI Dugés, 183l
Oribatidae Dugés, 1839
Carabodides C. L. Koch, 1842
Cryptostigmata G. Canestrini, 1891
Octostigmata Oudemans, 1906
Oribatoidea Reuter, 1909
Stegasima Grand jean, 1932
In the subordinal classification, Grand jean (1953% at=
tempted to group the oribatid mites through a phyiogenétic
system, consldering the characteristics present during pre-
imaginal stages. For practical purposes, however, oribatid-
ologists generally follow the classification presented by
Balogh (1961, 1963), in which only adult characteristics are
used as criteria. In his classification the Qribatel i1s-di-
vided into three main groups, namely, ORIBATEI INFERIORES,
PORONOTICAE, and PYCNONOTICAE, the last two being called
ORIBATEI SUPERIORES. The first group i1s characterized by
the presence of propodosoma which can be shut back like the

blade of a penknife to the hysterosoma, or by the meeting

together of the genital and anal plates which, comblned,



occupy the whole length of ventral side. For the second
group, at least one of the following features 1is well appar-
ent: on notogaster, either well developed, downward bending
pteromorphae; or horizontal pteromorphae, hardly protruding
from the outline of the body; on the notogaster, eilther
areae porosae, sacculi, or pori are present. In the third
group all the characteristics mentioned above are absent.

In this classification Balogh recognized eighty-seven fam-

ilies which are grouped in twenty~five superfamilies.

The Ecology of Oribatid Mites

L

Most habitats rich in organic debris and with high
humidity can support oribatid populations. Such places can
range from cracks and crevices of a tree trunk, to the turf
of the pasture floor, to the humus of the forest. Undoubt-
edly the most complex oribatid communities are those of
forest soll where an amorphous mass of decomposed plant
material is feound in abundance. In Lithuanian (U.S.S.R.)
forests, Eitminavichyute (1961) found not less than one
hundred two species of Oribatei in a forest biotope with a
heterogeneous vegetation, seventy-elight species in a decid-
uous forest, and sixty-eight species in a coniferous forest.
In Ukraine Ovander (1963) found the highest concentration of
Acari, of which 36.1 percent were oribatids, in the mixed
forests. However, he observed that the greatest hetero-

genelty of species was found in broadleaf forests.
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Although not as ideal as forest humus, the turf of the
pasture floor is a good place for oribatid mites to live.
This 1s especially true with permanent, natural pastures,
which are known to support oribatid populations bettér than
artificial pastures or arable lands, as reported by Zgardan
(1963) and Eitminavichyute (1961). The latter worker found
only five species of oribatids to occur on a biennisally
cultivated grazing cattle pasture, as compared to twenty-
five species on perennial pasture.

The ma jority of the mites are found 1n the first inch
of turf, consisting of the surface grass, humus, and grass
roots with the included soil, according to Kates and Runkel
(1947), later confirmed by Wallwork and Rodriquez (1961).

At various times during the twenty-four hour period the
mites wander upward to the grass stems and blades and then
back to the floor. Krull (1939) suggested that this vertical
movement was motivated by different factors such as food,
moisture, light, and wind; he observed that mites were most
abundant on grass after rains. Ibarra et al., (1965) re-
ported that mite densities in the grass zone were slightly
higher in the early morning but would decline somewhat dur-
ing the day.

The vertical distribution of oribatid mites in the soil
is generally governed by the physical conditions of the soil
such as soll temperature, molsture, solil composition, and
the amount of organic content. Subbotina (1963) stated that

the most favorable conditions occur in the first four inches
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velow the surface. This was confirmed by Nasarova (196l)
who found ninety percent of the mites in the surface layers
of the soll when the moisture content was the highest and
the temperature mildest. On the other hand, Wafa et al.,
(196l) in Egypt found that the layer between six and eight
inches below the surface contalned more mites than any other
layer. These workers also reported that the lower limit to
which the mites could penetrate was twelve inches below the
surface, while Subbotina (1963 ) still found isolated speci-
mens at a depth of sixty to ninety centimeters. Apparently
the character of locomotion and dwelling habit will influ-
ence the ablility to penetrate into the soil. ZKrivolutskii
(1965) noted three different groups of Oribatei with regard
to these activities. The first group consisted of mites
which move over the surface of the soil and afe able to
penetrate into the soll only along cracks considerably ex-
ceeding their body width; the second group was inhabitant

of the soil and able to widen smaller pores; the third group
consisted of nonspecific forms so classified with respect to
their method of locomotion.

The moving behavior of oribatid mites, either verti-
cally or horizontally, is actually far from simple and
involves the interaction of several microclimatie factors.
From laboratory studies on the humidity reaction of four
species of oribatids, Madge (196L) discovered that the re-
action could be very different with different gpecies. For

example, Humerobates rostrolamellatus (Grandjean was more
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active in moist alr than in dry air, whilile the opposite was

truse with Belba geniculosa Oudemans. He also observed that

in general, the higher the temperature the greater the choice
for the higher humidity, and also the faster the movement.
In a later experiment (1966), he observed that H. rostrola-
mellatus clustered and was inactive during the exposure to
dry air; the mites dispersed rapidly when a sharp rise of
humidity occurred. Under natural conditions, the mobility
of the oribatids was studied by Berthet (196l ) using radio-
isotope techniques. He reported that the average daily
movement was generally of the order of a few centimeters and
varied considerably with season and with the water content
of the soil litter., In the cold season the movements were
extremely limited and seemed to be independent of water con-
tent, or even negatively related to it. In the warmer
season, on the other hand, certain species were able to move
some tens of centimeters per day.

The seasonal distribution of oribatid mites, expectedly,
follows the seasconal fluctuation of humidity and temperature.
Generally population peaks occurred during the humid and
mild period or periods of the year, which varies depending
on the geography of the locality. 1In Moldavia (Romania)
Zgardan (1963 ) observed two peaks occurring in May and Octo-
ber, while in Bulgaria Bankov (1965) found only one peak,
which was in the November-December period, and the lowest
population occurred during the period from July to September.

While the warmer season 1s the favorable time for the mites
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to propagate, winter may not be detrimental to the whole
population. Many specles are not harmed when the soil tem-
perature drops to below freezing (Nazarova, 1963), and in

Kentucky Galumna virginiensis, an intermediate host of sheep

tapeworm, may be found in considerable numbers throughout
the winter (Edney and Kelley, 1953).

The spatial distributlon of oribatid mites is usually
not random, Statistical studies were done by Ibarra et al.,
(1965) on the distribution pattern of the mites on pastures
and by Berthet and Gerard (1965) and Gerard and Berthet
(1965) in forest commuhities. They all reported that the
theoretical negative binomial distribution was the best fit-
ted to the natural distribution of the mites. Berthet and
Gerard (1965) also found that for a given species, when the
density decreased, the heterogeneity of the distribution
generally increased, probably the mites being clumped at the

most favorable sites.
Oribatid Mite as the Intermedlate Host of Tapeworms

The life cycle of tapeworms of the family Anoplocepha-
lidae (Cestoda: Cyclophyllidea) remained a puzzle until the
year 1936, when Stunkard (1937) discovered that the body of
Galumna sp., an orlbatid mite, was hospitable to the larva

of Moniezia expansa Rudolphi, the double-pored sheep tape-

worm. By feeding the worm's eggs to different species of
soil mites, he succeeded 1n producing a larval infestation

in the hemocoel of the oribatid mite. When the infested
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mite was fed to sheep; the adult tapeworm later occurred in
the hemocosl of the oribatid mite. When the infested mite
was fed to sheep,; the adult tapeworm later occurred in the
small intestine of the sheep. It was established, therefore,
that an invertebrate Ilntermediate host was required for the
completion of the 1ife cycle of this sheep tapeworm. Subse-=
guent experiments by varicus workers;,; using the same tape-
worm or other ancplocephalids, either confirmed the finding
of Stunkard or provided evidence that the members eof the
family did require certain species of oribatid mites for
their intermediate hosts (Stoll, 1938; Stunkard, 1910;
Potemkina, 1941; Bashkivora, 1941; Stunkard, 1941).

Over fifty species o¢f oribatid mites have hitherto been
reported either as natural intermediate hosts or as experi-
mental hcsts. The speciles known to have connection with
anoplocephalids of veterinary lmportance are listed in Table
I. It can be seen from the table that there 1s practically
no taxonomic specificity for the intermediate host. It
appears that the abundance of the species on pastures, the
size of the mites; and the habit of the mites, are the de-~
termining factors to qualify for being natural intermediate

hosts, as pointed out by Baker and Wharton (1952).



TABLE I

LIST OF ORIBATID MITES REPORTED AS INTERMEDIATE HOSTS OF
ANOPLOCEPHALID CESTODES OF VETERINARY IMPORTANCE

Oribatid Mite and

Author and Date

Classification of Report Region Cestode Notex

GALUMNIDAE

Galumna sp. Stunkard, 1937 U.S.A. Moniezia expansa E
Galumna sp. Stoll; 1938 U.S.A. Moniezia expansa E
Galwma sp. Stunkard, 1940 Germany Bertiella studeri E
G. nigra (Ewing) Stoll, 1938 U.S.4, M. expansa E
G, obvius - (Berlese) Potemkina, 15hl U.S.5.R. M. expansa E
G: obvius (Berlese) Potemkina, 19Lh U,.S.S.R. M. benedeni E
G. ebvius (Berlese) Stunkard, 1941 Germany Cittotaenia ctenoides E
Gs obvius (Berlese) Bashkirova, 15hl U.5.8:.R. Anoplocephala perfoliata E
G. obvius (Berlese) Bashkirova, 19hl U.S.S.R. Paranoplocephala mamillana E
G. virginiensis (Jacot) Kates & Runkel, 1947 U.S.4. M. expansa N
Pergalumia emarginatum (Banks) Krull, 1939 U.S.4. M. eannsa N
P. nervosus (Berlese) Stunkard, 1941 Germany C. ¢tenoides E
EZ nervosus (Berlese) Bashkirova, 1541 U.S.S.R. ZZ perfoliata E
P; nervosus (Berlese) Frank & Zivkovie, 1960 Yugoslavia M. expansa E
P, nervosus (Berlese) Kassai & Mahunka, 1964 Hungary M. expansa N

T



Table I continued,

Oribatid Mite and

Auther and Date

Region Cestode Notex
Classification of Report .
GALUMNIDAE {contd.)
P. formicarius (Berlese) Kassai & Mahunka, 196  Hungary M. expansa N
Galumna eliminatus (XKoch) Prokopic, 1963 Czechoslov, M. benedeni N
Allogalumna longipluma (Berlese) Bashkirova, 19kl U.S.8.R. P. mamillana E
ORTBATULIDAE
Scheloribates laevigatus (Koch) Stunkard, 1940 Germany B. studeri E
Scheloribates laevigatus (Koch) Stunkard, 1941 Germany §: ctenoides;

- : . . - C, denticulata E
Scheloribates laevigatus (Koech) Potemkina, 1941 U.5.5.R. M. expansa E
Scheloribates laevigatus (Koch) Kates & Runkel; 1947 U.S.A. EZ expansa N
Scheloribates laevigatus (Koch) Potemkina, 19kl U.S:S.R. M. benedeni E
Scheloribates laevigatus (Koch) Prokopic, 1963 Czechoslov. M, benedeni N
Scheloribatés laevigatus (Koch) Bashkirova, 1941 U.S.S.R. A, perfoliatas; E

S S : _ 4. magna E
Scheloribates laevigatus {Koch) Potemkina, 19kl U.5.5.R. Thysaniezia giardi E
S. latipes (Koch) Bashkirova, 1941 U.S.S.R. é;aperfoliata; E

- " K. magna E
S, latipes (Koch) Potemkina, 19hh U.S.S.R. T. giardi E
S. latipes (Kech) Kassai & Mahunka, 196 Hungary M. expansa N
S seghettii (Runkel & Kates) Kates & Runkel, 1947 U.5.4, M. expansa N

a1



Table I continuedo_

Oribatid Mite and

Author and Date

Classification of Repert Reglon Cestode Hotex
ORTBATULIDAE (contd.)
S pallidulus Bankov, 1965 Bulgaria M, expansa - E
S, perforatus Graber & Gruvel, 196k Chad Stilesia globipunctata E
S. parvus conglobatus Graber & Gruvel, 196k Chad Stilesia globipunctata E
Oribatula minuta (Ewing) Kates & Runkel, 1947 U.5.4. M. expansa N
Liebstadia similis (Michael) Stunkard, 1941 Germany C. ctenoides E
Zygoribatula longiporosa Roberts, 1953. Australia M. benedeni N
Zygoribatula longiperosa Sokol & Panin, 1960 U,8.83.R, M. benedeni N
Z. cognata Svadzhyan, 1962 U.5.5.R, M. expansa E
z: cognata Sokolova & Panin, 1960 U.S.S.R. M, benedeni N
Z. friziae Sokelova & Panin, 1960 U.S.S.R. M. benedeni N
g; magna (Ramsay) Ramsay, 1966 New Zealand M. expansa N
Z, exarata (Berlese) Kassai & Mahunka, 196 Hungary M, expansa N
Liebstadia similis (Michael) Svadzhyan, 1962 U.S.5.R, M. benedeni E
Liebstadia sp. Svadzhyan, 1962 U.S.5.R. M. expanasa E
Multoribates scheloribatoides Ramsay, 1966 New Zealand M, expanasa N

{Ramsay)
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Table I continued.

Oribatid Mite and

Author and Date

Region Cestode Notesx
Classification of Report
MYCOBATIDAE
Punctoribates punctum (Koch) Frank & Zivkovie, 1960 Yugoslavia M. expansa E
P. hexagonus o Sokolova & Panin, 1960 U.S.S.R. M. expansa N
HAPLOZETIDAE
Peloribates curtipilus {Jacot) Kates & Runkel, 1947 U.S.4. M. expansa N
Protoribates lophotrichus Frank & Zivkovic, 1960 Yugoslavia M., benedeni E
CERATOZETIDAE ,_
Trichoribates incesellus (Kramer) Stunkard, 1941 Germany C. ctenoides E
T, trimaculatus {(Xoch) Prokopic, 1962 Czechoslov, M. expansa N
T, novus - Bankov, 1965 Bulgaria M. expansa E
Ceratozetes mediocris Kassai & Mahunka, 1964 Hungary M. expansa N
LIACARIDAE.
"Liacarus coracinus (Koch) Stunkard, 1941 Germany C. ctenoides; E
, . ] - C. denticulata E
Tiacarus coracinus (Koch) Svadhyan, 1962 U.S.S.R. M. expansas; E
. , ) M. Benedeni E
Adoristes ovatus (Koch) Potemkina, 1946 U.S.S.R. Moniezia sp. ?
Xenillus tegeocranus Stunkard, 1941 Germany C. E

ctenoides: C. denticulata

LT



Table I continued.

Oribstid Mite and

Author and Date

Regi tod 3%
glassification of Report cgion Cestode Note
SCUTOVERTICIDAE
Scutovertex.minutus (Koch) Stunkard, 1940 Germany B, studeri E
Scutovertex minutus (Koch) Stunkard, 1941 Germany C, ctenoides; E
L C. denticulata N
Scutovertex minutus (Koch) Kassai & Mahunka, 196 Hungary M, expansa N
ACHIPTERIIDAE
Achipteria sp. Bashkirova, 1941 U.8.8.R. A. perfoliata E
A; coleoptrata (Linn.) Stunkard, 19L0 Germany B, studeri E
A. coleoptrata (Linn.) Prokopic, 1962 Czechoslov, M. benedeni N
NOTASPIDIDAE .
Notaspis punctatus Frank & Zivkovic, 1960 Yugoslavia M. expansa E
PELOPIDAE
Pelops tardus (Koch) Stunkard, 1Shl Germany C. ctenoides N
P. acromius (Hermna) Stunkard, 1941 ) Germany C. ctenoides E
P. planicornis Frank & Zivkovie, 1960 Yugoslavia M. expansa E
PHENOPELOPIDAE. .
Peloptulus phaenctus (Koch) Bankov, 1965 Bulgaria M, expansa E

gt



Table I continued.

Author and Date

Oribatid Mite and Region Cestode - Notes
Classification of Report
METRIOPPIIDAE
Ceratoppia bipilis Svadhyan, 1962 U.5.5.R. M. benedeni E
?
Africacarus qalcaratus Graber & Gruvel, 196k Chad Stilesia globipunctata . N
CEPHEIDAE .
Cepheus cepheiformis (Nicolet) Stunkard, 1941 Germany C. ctenoides; E
C. denticulata A _ E

#E = experimental; N

= natural.

61



CHAPTER III
MATERTALS AND METHODS

The survey was started in the summer of 1965 in one
cattle pasture with the mailn purpose to find oribatids with
larval tapeworm infestatlen. The sampling procedure was
oriented chiefly to collect mites in large numbers; to be
sorted later according to specles characteristics and then
dissected for cysticerceoid examination. Due to the negative
finding of the infestation; beginning with the summer of
1967 the studies were directed mainly to the distributions
and community organizations of the oribatid mites in pas-
tures. Three grasslands of different natures and managements
were investigated, these included: (1) Ward pasture (the
cattle pasture mentioned above), approximately four miles
northeast of Stillwater; {2) “Anaplasmosis" pasture, one and
one half miles west of the Oklahoma State University main
campus; and (3) a small field in the Lake Carl Blackwell
area, about ten miles west of Stillwater, The cattle pas-
ture 1s privately owned, while the other two are university
lands. The survey was terminated in February of 1968; the
survey period thus included three distinct seasons: summer,

fall, and winter.

20
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Description of Study Area

The Ward pasture is a thirty-acre land with a mixed
vegeotation. Although this range is not virgin or was once
cultivated, it has been grazed by cattle in the last twenty-
five years or longer. Various kinds of weeds occur 1in
relatively large numbers. A moderate sized pond is situated
at cne corner and some erosions and land depressions are
found in several places. This 1s an open land of moderate
to low productivity, and is slightly sloped, the northern
section being higher than the southern section. The soil is
clagssified as the reddish brown colored prairie secil, and
consists of three soill types: Zanels loam in the southern
section, Lucien-Vernocn Complex in the northern section, and
severely eroded loamy soils in the pond areal It is prac-
tically a permanent pasture; in which the grass has never
been cut or manipulated 1n any way. Figure 1 gives a general
view of the area,

Among the grass species, the little bluestem (Andropo=-

gon scoparius Michx.) is predominant. Other specles which

were 1ldentified included the Japanese brome (Bromus japenicus

Thumb. ), Indian grass (Sorghastrum nutans L.), scribner

panicum. (Panicum scribnerianum Nash), arrow grass (Aristida

purpurascens Poir.), windmill grass (Chloris verticillata

Nutt.), Bermuda-grass (Cynodon dactylon L.), silver blue-

stem.(AndropogonhsaccharoidesmSwartzJR big bluestem (Andro-

lI‘nformation concerning soll types was obtained from
the U.S.D.A. Soil Conservation Service, Payne County Dis-
trict Office, Stillwater.



Fig. 1.

Ward pasture in the early spring.

22



23

-

pogon gerardl), nodding wild-rye (Elymus canadensis L.),; and

prairie threeawn (Aristida oligantha Michx.). There are

still other species of grass which were not identified be-
cause of their smallﬁnumberso

This pasture was originally selected for study because
in previous times 1t produced monieziasis in cattle. Prior
to the survey, several fecal samples were collected and ex-~

amined, and a small number of eggs of Moniezla benedeni

(Moniez ) were found by simple floatation technique.

The "Anaplasmosis" pasture is a grassland in the area
of the Anaplasmosis Laboratory. It is approximately ten
acres in size including barns and loading areas. This pas-
ture 1s used to graze sheep at irregular times, usually
prior to the slaughter;of the animals for the University's
Meat Laboratory. It is predominantly Bermuda-grass, but
prairie threeawn has invaded some sections. Occasionally
the dried, old grass is mowed or burned to promeote re juve-
nation. The field is not level bubt with two valley-like
depressions which are heavily vegetated, and the grass can
grow to over one foot high. There were no data about the
soil, but in a 1916 soil map it was indicated that the soil
type of the general area was Vernon very fine sandy loam.
This pasture is again an open fleld with no woodland sur-
rounding the area (Figure 2).

The study area near Lake Blackwell is approximately one
acre in size. The field is a combination of a relict and a

section of introduced grasses,; bordered in part by trees and



Fig. 2.

The pasture in the Anaplasmesis Laboratery
area.
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g small stream. It has been described as a well drained
land which 1s subject to occasional flooding, a land of high
productivity. The soil 1s of the port silt loam type, and
classified as reddish brown colored, loamy bottomland soil,
Although it is not entirely a secluded location, the area
is relatively free from outside interference. In this area
a number of pure grass colonies can be found, some of which
were originally cultivated (Figure 3). For these two reasons
the field was selected primarily to study the influence of
different grass species on the oribatid populations.

31x grass specles were chosen for the study, these
were; (1) Indian grass, (2) sideoats gramma (Bouteloua

curtipendula), (3) big bluestem, (L) broomsedge bluestem

(Andropogon virginicus L.), (5) Bermuda-grass, and (6)

prairie threeawn. The Indian grass and the sideocats gramma
grow in rows, an indication that they were once planted.
The big bluestem 1s found in stands, each of which form a
separate colony. The broomsedge, bermuda grass,; and the

threeawn are found in isolated but continuous colonies.,

Sampling Procedure

The sampling was done in a random fashion but 1t was
attempted to collect the materials from all parts of the
field. For this purpose the Ward pasture was divided into
quadrats, "Anaplasmosis" pasture into thirty quadrats,
while the area near Lake Blackwell was divided into six

plots according to the grass colonies under study.



Fig. 3.

The field near Lake Carl Blackwell, shewing
rows of sidecats gramma in the feregreund
and Indian grass in the background.
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A total of seventy-eight subsamples were taken from
Ward pasture during the entire survey peried, from July 1967
through February 1968. Fifty-four subsamples were taken in
July and August, twelve subsamples in November, and finally
twelve more in February. In the summer one subsample was
collected from every quadrat at random; in November and PFeb-
ruary, however, only twelve quadrats were sampled respect-
ively, in which cases both the quadrats and the subsamples
were taken randomly.

A total of ninety subsamples were obtained from “Ana-
plasmosis" pasture, thirty of which were collected during
August, tWenty-siX in November, and twenty-four in January
and February. Only one subsample was removed from each
quadrat during any sampling season; however, not all quad-
rats were sampled 1n the fall and winter periods. As in
Ward pasture, in fall and winter both the quadrats and the
subsamples were selected at random.

The study of the effects of vegetation on eribatid
populations in the Blackwell area were conducted in a fac-
torial manner, the grass species and ﬁhe date of sampling
beiﬁg the two factors. Bach factor had six levels, which
were s8ix different grasses and six different dates, respect-
ively. Two subsamples were observed for each treatment
combination, to make a total of 6 x 6 x 2 or seventy-two
subsamples, which were collected on these following dates:
October 1, Nevember 3, November 20, December 5, December 20,

all of 1967, and January 16, 1968.
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For each subsamggefin all three locatlons, the ground
temperature and the relative humidity of the interspace
approximately two inches above the ground surface were re-
corded, An air-sucking psychrometer was used to measure
the dry bulb and the wet bulb temperatures. The air of the
microenvironment was manually pumped into a chamber where a

dry bulb and a wet bnlb thermometers were fixed.
Collection and Extraction Methods

The unit of subsample consisted of four cores of sod,
about two inches deep and two and one half inches in diam-
eter each, plus the attached grass. The material was taken
by a standard soll sampler for seoil research. Four oper-
ations were executed to complete one subsample. After it
was removed, the material was placed in a two-quart waxed
paper container, brought teo the laboratory and immediately
put in an extraction funnel to recover the mites., The fun-
nel was of Berlese-Tullgren type, invoy%ing a slow heating
and drying of the sample material. A double wire mesh of
2 x 2 mm. hole size was placed at the base of the funnel to
hold the material, which was laid with the sod side up when-
ever possible.

The funnel, made of aluminum, was 28.5 inches high from
the 1id to the outlet of the cone, and had an upper diameter
of 11 inches. The cylindrical part was 13.5 inches high
and the cone 15 inches. A 75-watt electric bulb was used

as the heat source, and 1t W?s hung on the 1lid with the
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lower side of the bulb approximately 7.5 inches below the
1id, or about I} inches above the sod. This resulted in a
slow heating and drylng process on the sod material,; to
allow enough time for the slow moving mites to escape. The
temperature in the lower part of the cylinder would rise to
128-132°F an hour after the start of the extraction; it
would rise to 140-150°F after six hours; to 142-165°F after
twelve hours, and after that time the temperature would
remain constant. A mason jar partially filled with water
was used to collect the mites. With this set up, the ex-

traction lasted twenty-four hours.
Mite Identification

The mites were killed and preserved in 70% ethyl
alcohol. Thereafter the handling of the mites for taxon-
omic purpoées followed the recommendatlon suggested by
Balogh (1963), who has provided a key to the genera of
Oribatei of the world.

The specimens were cleared in a 50-50 mixture of full
strenéth lactic acid and 90% ethyl alcohol and stored in
open vials. The vials Werelthen secured In a cigar box to
keep away froﬁ dust. The alcohol eventually evaporated,
leaving the specimens in the lactic acid. Using this tech-
nlique the specimens were ready for microscopic studies in
from two to eight weeks, depending on the degree of pig-
mentation. The clearing process, if so desired, may be

accelerated by subjecting the materlal to moderate heat.
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For some species with heavy pigmentation it was much pre-
ferred to find a young adult mite, which had a relatively
transparent body but all the adult characteristics were
present.

Due to the peculiar shape of the oribatid mites, the
dorsum belng highly convex in certain families, a temporary
and open mount has been preferred over the conventional
technique of permanent mount. This open technique was em-~
ployed during the present study for all the specimens
examined. A microscopic slide with a cavity was used in the
preparation. A small drop of lactic acld was placed on one
half side of the cavity, and then the cover slip was care-
fully placed upon the lactic acid in such a position that
only one half of the cavity was covered by the slip. The
free space of the cavity was thén used to manipulate the
specimens prior to the examination. Using a number 00
camel brush the mite was pushed from the free cavity into
the medium underneath the cover slip. In this manner the
position of the mite could be arranged as necessary, and the
specimen could be examined from all aspects. This technique
is particularly useful for seeing certain latefal character-
istics which are difficult to view from above in some spe-.
cies. The position of the specimen can be altered from
dorsal to ventral above without interupting the examination,

simply by touching and sliding gently the cover glass.
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Statistical Analysis

Before the data were subjected to an analysis of vari-
ance, it was necessary that the approximate form of the
frequency distribution of the mites among the samples be
determined. The assumption underlyling the the theory upon
which the praétice of analysis of variance 1s based 1s that
the population is normal or approaching normality. This
type of population requires that, in 1ts natural habitat,
the individuals are distributed completely at random. Only
when the Individuals are randomly distributed will the
analysis of varilance be applicablevto the data collected.

In such a case the frequency distribution of the sample pop-
ulation will follow the Polsson series, in which the vari-
ance is equal to the mean. If the distribution follows a
pattern other than Polisson, then the data have to be first
transformed accordingly, in order that the normal proce-
dures for the analysis become applicable.

As was expected the distribution of the coribatids in
the present study does not agree with the Poisson series,
the test for which is presented in Chapter IV, The trans-
formation of the data therefore had to be done, according to
the table of transformation made by Beal {[1942). The table
has been developed through the formula of‘equation:

-3 l(kx)%

X! = k sinh”



in which
X
x !
k
(Ss2 - Sf{)/Si2 or
sum of the sample

sample means.
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is the observed data,

is the transformed data, and

is a constant, which can be estimated by
the sum of the sample variances minus the

means divided by the sum of the squared



CHAPTER IV
RESULTS AND DISCUSSION

The information presented in this paper 1s the results
of the investigations conducted during the period between
June 1967 and March 1968. The quantitative values reported
here are for the oribatids as a group and for two important
host species. The classification and identification fol-
lows the key arranged by Balogh (1963), and the keys and
descriptions by Jacot (1929, 1933, 1934, 1935). The identi-
fications of the mites were carried out as far as the key
permits except for some specles which we were unable to
identify.

In order to be able to make comparisons among the
species regarding their respective significance in the ori-
batid fauna of a certain locality, these following values
have been calculated for each speciles:

(1) the average number of mites per subsample;

(2) the frequency number (f) or the ratio between the
number of samples containing the species and the total
number of subsamples, expressed 1in percent;

(3) +the specles abundance (A) or the percentage of the
individuals in the whole sample;

(i) the species dominance (D) or the product of A by f.
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The average number of mites per subsample will give
some 1dea on the density of the population. However, in a
nonrandom distribution where individuals may be gregarious
in nature, this kind of estimation can be misleading unless
weighted by certain population indices such as freguency
number and specles abundance. Frequency number explains
how the individuals disperse over the area; for example, a
low value of f but with a high density would indicate that
the individuals are clumped 1in some way, while a high value
of f would show that the individuals are well distributed
spatially regardless of density. Specles abundance may be
used as an 1indication of the role of a species 1n an eco-
system, specifically with regard to the balance of nature.
Finally, the concept of dominance 1s being used here to de-
note the superiliority of a speciles numerically and tefrito«

rially.
Specles Distribution and Abundance

A total of twenty-seven specles, representing nine
superfamilies, were collectea during the studies on the
three locations. These are listed in Table II. The super-
family Oribatulolidea 1s the best represented with tweive
specles; seven of which are members of the family Oribatu~
lidae. Galumnoldea 1s second with five speciles, of which
four belong to Galumnidae. Others include the superfamilies
Oribatelloidea, two species, Ceratozetoidea, two speciles,

and Pelopoidea, Opploldea, Damaeclidea, Liacaroidea, and
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Phthiracaroidea, all with one species each. Two of the

species are Galumna virginiensis and Scheloribates laevigatus,

which are important intermediate hosts of cestodes. The

former is an intermediate host of Moniezia expansa in the

United States, and the latter has been known to serve as a
natural intermediate host for three tapeworms and is
capable experimentally to host flve more anoplocephalids.
The dominance of the species 1n each locality are com-
pared in Tables III, IV, and V, along with the crude esti-
mation of densities. It 1s worth noting that both
intermediate host speciss mentioned above occur in

significant numbers 1in the two pastures. Galumna virginiensis

dominated the Ward pasture (hereafter called WARD) with an

average of 10.2 mites per subsample, while Scheloribates

laevigatus dominated the "Anaplasmosis" pasture {hereafter

called ANA) with 28.7 avefage, Along with the fact that
they dispersed well over the pasture (f = .86 and .96, re-
spectlvely), undoubtedly these two specles are the most
potential intermediate hosts for thils area. This potential,
however, seems to vary wilth pastures or locations. As in-

dicated in Tables III and IV, while G. virginiensis was the

domlnant species in WARD, it was only third in dominance in
ANA with a very wlde margin. On the other hand, 3. laeviga-
tus clearly was the single dominant oribatid in ANA but was
below three other specles in WARD. And in the plot near
Lake Carl Blackwell (hereafter designated as BLACK) neither

one was &s numerous as Galumna sp., being second for



36

TABLE II

ORIBATID MITES COLLECTED FROM THREE LOCALITIES IN
THE STILLWATER AREA

(1)

Spec. no. Mite , Locallty
B GALUMNOIDEA: Galumna virginiensis A, B, W
2 Galumna sp. A, B, W
g Pergalumna curvum A, B, W
i Galumnidae ' PR ]
S Parakalumna robusta 4, B, W

ORIBATULOIDEA: o 5
6 L. gcheloribates laevigatus A, B, W
7 Scheloribabes sp. A, . W
8 Zygoribatula sp. i, B
Q Zygoribatula sp. A, B, W
10 Oribatulidae A, B, W
11 Oribatulidae A, W
12 Oribatulidae B
13 Oribatuloidea A, B, W
1 Oribatuloidea A . u
15 Oribatuleidea W
16 Peloribates sp. A, B, W
17 Peloribates sp. A, B
18 ORIBATELLOIDEA: Anoribatelia sp. A, B, W
19 Tegoribates sp. [4]
20 OPPIOIDEA: Oppia sp- A, B, W
21 “ Oppiidae A, B, W
22 CERATOZETIDAE: Ceratozetes sp. s . y
23 Chamobates sp. A, B, W
2 PELOPOIDEA: Fupelops sp. Ay . W
25 DAMAECIDEA: Epidamaeus sp. . B, W
26 LIACAROQCIDEA: Furcoribula sp. A, B, W
27 PHTHIRACAROIDEA: Phthiracarcidea .. W

(1 .
1)y "Anaplasmosis"™ pasture; B= Lake Blackwell area;

W= Ward pasture. .
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TABLE III

THE DENSITIES AND DOMINANCE OF ORIBATID MITES
IN WARD PASTURE(L)

Mites Species Species
Oribatid per f Abundance Dominance
Subsamp. %
Galumna virginiensis 10.2 .86 23.5  20.21
Galumna sp. 8.6 .80 20.0 16.00
Peloribates sp. (spec. 16) 10.0 o Tl 23.1  17.09
Scheloribates laevigatus 7.1 .78 16.5 12.87
Bupelops sp. 3.5 .70 8.0 5.60
Anoribatella sp. 1.6 .50 3.7 1.75
Chamobates sp-. 0.9 .39 2,2 0.88
Scheloribates Sp. 1.3 27 3.1 0.8l
Zygoribatula sp. (spec. 9) 0.5 .30 1.2 0.36
Pergalumna curvum 0.7 - 19 1.6 0.30
Oppia sp. 0.l .25 e 0.225
Oppiidae 0.3 L 20 .7 0.14
wpidamaeus s8p. 0.3 .15 .7 0.105
Oribatuloidea {spec. 13) 0.16 .11 .35 0.04
Phthiracaroidea 0.16 .08 .35 0.03
Tegoribates sp. 0,08 .07 .18 0,013
Oribatulidae (spec. 10) 0.1 .0l o3 0,012
Parakalumna robusta 0.06 06 L1 0.006
Furcoribula sp. 0.1 .03 o2 0,006
Oribatulidae (spec. 11) 0.02 .01 .0 0.0004
Galumnidae 0.02 el .0 0,000k
6.02 . 01 L0 0.0004

Oribatuleidea (spec. 15)

(L)pata from 76 subsamples collected from July 1967
through February 1968,



TABLE IV

THE DENSITIES AND DOMINANCE OF ORIBATID
MITES IN "ANAPLASMOSIS" pASTURE(L)
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Mites Species  Species
Oribatid per f Abundance Dominance
subsamp. (%)
Scheloribates laevigatus 28,7 .96 36.8 35.37
Pergalumna curvum 9.1 s60 11.7 7.02
Galumna virginiensis 6.2 o 8.0 5.12
Falumna Sp. h.1 .62 5,2 3.22
Oribatulidae (spec. 10) 13.0 L1l 16.7 2.3k
Anoribatella sp. 5.0 il 3.8 1.67
Ceratozetes sp. 2.8 40 3.6 1.lgly
Chamobates sp. ZQA ohO 3.1 1.22
Peloribates sp. (spec. 17) 1.6 023 2.0 0.46
Oppla sp. .9 Ji1 1.1 0.45
Eupelops sp. 1.0 .31 1.3 0.40
Parakalumna robusta 1.1 .25 1.4 0.35
Scheloribates sp. 1.2 +20 1.6 0.32
Peloribates sp. (spec. 16) 1.0 <17 1.3 0.22
Oppiidae s5 .26 .6 0.16
Zygoribatuls sp. (spec. 9) .8 212 1.0 0,12
Furcoribula sp. .7 s11 .85 0.09
Oribatulidae {spec. 11) -3 .03 .3 0.009
Zygoribatula sp. (specs 8) . 02 s 02 025  0.005%
.01 sOL 6.0001

Oribatuloidea (spec. 13)

s
l_l

(1)
through February 1968.

Data from 80 subsamples collected from August 1967



TABLE V

THE DENSITIES AND DOMINANCE OF ORIBATID MITES IN

LAKE BLACKWELL PLOT (1)

39

Mites Speciles

, Species
Oribatid per f Abundance Dominance
subsamp. ‘ (%)
Galumna sp- 3.8 o Th 21.2 5.7
Scheloribates laevigatus 5.1 .33 28.4 9.l
Zygeribatula sp. (spee. 8) 3.3 .36 18.h 6.6
Oppiidae 1.7 41 9.k 3.85
Galumna virginiensis 1.6 .38 8.9 3.4
Zygoribatula sp. (spec. 9) .95 .18 5.3 95
Chamobates sp. Ay .23 2.2 .51
Epidamaeus sp. .36 .15 2.0 .30
Purcoribula sp. .33 .10 1.8 .18
Anoribatella sp. . 2 .15 1.1 .16
Pergalumna curvum .18 .15 1.0 .15
Oribatulidae (spec. 12 .5 .05 2.8 .y
Peloribates sp. +13 .08 7 .06
Oribatulidae {spec. 10) .18 .05 1.0 . 05
Parakalumna robusta o1 .08 .5 . Oly
.05 .05 » 03 . 001

Oribatuliodea (spec. 13)

(1),

‘Data from 72 subsamples eollected from October 1967

threugh January 1968,
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3. laevigatus and an insignificant fourth for G. virginiensis
(Table V),
Considering the oribatid populations found in the three

localities combined, S. laevigatus beccmes the most dominant

species for the Stillwater area. This specles was also the
dominant one in a sheep pasture in'Kentucky (Ibarra, et al.,
1965), but a previous investigation“in the same pasture
(Wallwork and Rodriquez, 1961) gave evidence that G. virgin-

iensis was the dominant species and S§. laevigatus was

subdominant. In South Dakota, from a permanent sheep pasture

two hundred twenty-one individuals of 3. laevigatus were the

average number of the mites per square foot, as reported by
Kates and Runkel (1948). This figure, however, is difficult
to be compared with the densities reported presently due to
the difference of the size of the sampling units, and also

of the details of the extraction techniques. These workers

2 areas of turf and recovered the mites through

sampled 1-ft.
open funnels. The funnels had top diameters of 18 inches,
and 200-watt electric light bulbs were used as the heat
source.

It has been indicated earlier that the domlnance of a

certaln species may vary from pasture to pasture. §. laevi-

gatus, G. virginiensis, and Galumna sp. almost invariably

dominated the areas, compared to the rest of the species.
This was not the case with some other species; which were
present in large numbers and dispersed widely only in one

locality but not in the other two. For examples, Pergalumna
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curvum was significant only in ANA; Peloribates sp. was

important among the oribatid community in WARD but very in-
significant in ANA and absent in BLACK; Eugeléps sSp. was

fairly common in WARD and Zygoribatula sp. in BLACK as com=-

pared to the other grass lands. Since the three localities
are not too far apart geographically, but differ in the
vegetation and management, it can be assumed that these fac-
tors play important roles in the abundance and the
distribution of oribatids, and further, the composition of

oribatid communities.
Community Comparison: Species Composition

Table II shows that about half of the species occurred
in all three'areasy and some mites were found only in one
place. While the list of the species of one locality does
not differ markedly from the others, the ranking in abun-
dance does. This difference can be seen in Tables III, IV,
and V, and the main elements which compose each comﬁﬁﬁit§
are compared in Figure l;. The abundance of the mites and
the number of the specles pfesent in each locality are re-
lated in Figure 5.

It was common for all three communities that only a
few species were represented by large numbers of individuals,
the ma jority being found in much rarer occasions. Only two,
out of twenty-one,; specles in ANA occurred with an saverage

of ten or more individuals per subsample while thirteen
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Fig. 4. The species compositions of three cribatid mite communities near Stillwater, Oklahoma.
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apecles were found in less than two individuals per subsam-
ple. In WARD among the twenty-two species the ratio was
2 to 16, and in BLACK 12 out of 17 species had densities of
less than one per subsample whereas only one speciles had
more than five individuals ﬁer subsample,

In WARD, individuals of only five species together con-
stituted over 90% of the total oribatid populations, while
the remaining 17“species made up less than 10%. These five

species were Galumna virginiensis (23.5%), Galumna sp. (20%),

Peloribates sp. (23.1%), Scheloribates laevigatus (16.5%),

and Eupelops sp. (8%)o In ANA, S. laevigatus aloné comprised
36.8% of the community, and this and four other species,

i.e., Oribatulidae sp., Pergalumna curvum, G. virginiensis,

and Galumna sp., contributed 78.4% of the whole oribatid
population in this pasture., Here, however, the four species

were far less abundant in comparison with 5. laevigatus, the

species abundance being 16.7%, 11.7%, 8%, and 5.2% respec-

tively. In BLACK, 86.3% of the oribatid community was

represented b& rive specles, consisting of 3. laevigatus

(28.4%), Galumna sp. (21.2%), Zygoribatula sp. (18.4%),

OEEiidée sp. (9.5%), and g;ﬂvirginiensis (809%):

In recapitulégiong the species compoéitiéﬁs in WARD,
ANA, and BLACK can be visually compared in Figure ho‘ Iﬁ
WARD and BLACK the bulk of the oribatid mites were roughly
shared by three or four species; whereas in ANA 8. laevigsatus
had a distinct plurality over other species. The WARD com=-

munity was distinguished by Peloribates sp.; that of ANA by
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Oribatulidae sp. and Pergalumna curvum, while BLACK community

was prominent in the population of Zygoribatula sp.

Community Comparison: Specles Diversity

Species diversity is a measure of specles spectrum in
a certain community of 1living organisms. It relates the
number of individuals 1n the community and the amount of
gspecies which are present; this relationship may be express-
ed in different ways according to different authors.
Combined with the data on species abundance, they form a
valuable means for interpreting the structure of an animal
community.

Many workers have attempted to measure the value of the
species diversity, as an index derived from the form of re-
lationship between the number of species and the number of
individuals. The mathematical approach of determining this
relationship was first discussed by Fisher, Corbert, and
Williams (1943), based on their studies of butterflies and
moth populations. When the logarithmic number of individu-
als was plotted against the logarithmic number of speciles,
they concluded that the relationship followed a logarithmic

series. Based on this theory, they suggested the equation:
S = logn (1 - 5)
to egtimate the number of species (S) expected to be found

in a certain number of individuals (N) in a certain collec-

tion. In the above formula alpha is a constant which may be
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congidered as a measure of richness in specles or an expresg-
sion of the diversity of specles 1n relation to the tctal
number of individuals. These workers stated that since the
value of alpha was very much independent of the size of
sample, it was a valuable index of the diversity of species
in a natural community. One limitation to the application
of this formula is that it requires more species of minimal
abundance than any other categorfo

According to Hairston (1959), Margalef (Mem. Real Acad.
Ciencias y Artes de Barcelona 32:373—hh9; 1957 ) proposed a
simple index of diversity based on linear relationship be-
tween the number of species and the logarithm of the size of
the sample, or of the total of iIndividuals. Thus, according
to Margalef, the index of diversity of species in a communi-
ty is:

d = S -1
logn N

In the present study the specles diversities of the
oribatid communities 1in the three grasslands are determined
by both formulas, and the results are listed in Table VI.
The solution for alpha of Fisher's formula is indireotoh He
has calculated a table froﬁ whicﬂﬂ given the common logas=
rithm of N/S, we may obtain the common logarithm of N/alpha.
The value of alpha then can be found in the logarithm table,
after the common logarithm of alpha is computed. To obtaln

the natural‘logarithm value (logn) in Margalef's férmulag

-
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the common logarithm of N is to be multiplied by 2.3025851,

which 1s the value of the natural logarithm of 10.

TABLE VI
THE DIVERSITIES OF SPECTES IN THREE ORIBATID
COMMUNITIES
Local. ©No. Indiv. No. species v d
warp(1l) 3313 22 3.1632 2.590
ana(2) 5928 21 2.7336 2,321
srack3’) 1300 17 2,759 2.231

1 .
( )Total collection made from July 1967 through
February 1968.

2
( )Total collection made from August 1967 through
February 1968,

(j}Totgl collection made from October 1967 through
January 1968.

The values of both alpha and d in Table VI indicate
that the WARD community was the most diverse of the three
communities. The values of alpha of ANA and BLACK, however,
do not correspond to thelr respective d values. According
to Fisher's formula, BLACK was richer in species than ANA,
whereas tﬁrough Margalef's index of diversity it was the

opposite. Since both values are determined by formulas
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originally applied to explain the relationship of N and S,
it is difficult to judge which one of the two indices is
closer to reality. Judglng merely from the ratio between N
and 8, it would seem logical to expect several additional
species in BLACK if the sample size 1s enlarged to match the
mite collection from ANA, thus giving a good chance to in=-
crease the index of diversity. Based on the sampling
evidence, however, thls may not be the case, The numbers of
subsamples taken from ANA and from BLACK were élmost equal,
being 80 and 72, respectively, while the area in BLACK 1is
lesgs than one-tenth of that in ANA. -

Due to the fact that many oribatids occur in such a
low frequency, some species were even represented by a sin-
gle individual during the survey, the extensiveness in
sampling would seem to be a major factor in finding new
specles. This, however, did not always hold true during the
investigationg ags shown in Table VII. In ANA collection,
the summer sampling with jo’samplihg units yielded 21
species, 26 units 1in the fall produced only 17 species; and
only 19 species were found from 2l; subsamples collected
during the winter. But in WARD, the same number of species
were found in both summer collection with 5l subsamples and
winter collection with only 12 subsamples.

It can be seen in Table VII that fewer speciles were
collected in the fall from both pastures. However, nothing
can be concluded from the present study whether or not

weather variation has ceritaln effects upon the gpecles
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diversity. Meanwhlle, the data prove that most, if not all
oribatid mites in the 3tillwater area overwinter as adults,
The values of alpha and d in Table VII suggest that the ori-
batid populations in wintertime in ANA and in WARD wers
elther more diverse or about as diverse as those during the
summertime. It can be concluded that as many species were
living in winter as in summer, but as the warm season ar-
rived the reproduction rates were so much different among
the different species that only a few specles did actually

make the big difference in the number of individuals.

TABLE VII

SPECIE3 DIVERSITIES OF ORIBATID COMMUNITIES
IN THREE DIFFERENT SEASONS

No. No. No. o d

T 1./Season . :
Local./Se Subsamp. Mites Species

ANA Summer 1967 30 2223 21 3.2109 2.595
Fall 1967 26 2347 17 2.4,805 2.061
Winter 1968 2l 1358 19 3.1271 2.495

WARD Summer 1967 5l 2167 19 2.8660 2.343
Fall 1967 12 S 15 2.5911 2.077

Winter 1968 12 302 19 L,.5018 3.152
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Community Compariscn: Fopulation Density

.As indicated in Table VI, the total numbers of mites
collected were 5928 from ANA, 3313 from Ward, and 1300 from
BLACK. These amounts were recovered from 80, 78, and 72
subsamples, respectively, to make densities of 70.4, 42.5,
and 18.0 mites per subsample. Each subsample was & mass
of turf material having a total area of approximately 19.6
square inches and about 2 inches deep. From these figures
it can be seen that the average numbers of mites among the
subsamples taken over a period of li to 8 months in three
localities varled considerably.

Due to the unegual sizes of samples taken during a
certain sampling perlod or season, statistical analysis was
difficult to do. Only ANA and WARD were surveyed during all
three seasons, while BLACK was studied only from October
1967 through January lééSL For this reason, in cbmparing
the dansities; statlstical treatments were run only on those
data obtalned from ANA and WARD. As was discussed in Chap-
ter III, the data had to be first transformed before the
variance could be analysed; because the mites were not dis-
tributed according to Poisson series, In a Polsson distrib-
ution, there 1s an idsa of uhiform probability of the
occurrence of some event, and the distribution is defined by
a single parameter, the nean; the variance 1is equal to the
mean {Snedecor, 1956)a This definition can be used for a

guick preliminary teét upon the data as to the conformity
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with the distribution. The mean and variance of each col-
lection are compared in Table VII, and the distributions of
the mites among the subsémples are shown in Appendices A-F.
It is clear that the varlance in each collection sample wés
very much bigger than the mean. Beal (1942) proposed that

in this non-random distribution the relatioﬁship between s2

2 23 - ki2o This means

and ¥ is curvilinear, expressed as s
that the larger the mean the larger the variance. ‘From the
previous equation k can be estimated by (sum of variance -
sum of means)/sum of squared means. For the data above

k = 1,218, which was then used to transform all the raw data
These transformations are presented in Appendices A-F, and
the means of the transformed values are listed in TaBle IX.
It can bse seen that the transformed mean is not alWays in
proportion to the untransformed one. Thus, for example, the
untransformed mean for ANA in fall 1967 was 90.3 and X! =
2.6, while in summer 1967 X' = 2.69 when the mean of the
untransformed data was only %Aole This was dues to the dif-
ference in the distribubtion of the mites among the subsamples,
the mites beling more uniformly distributed 1n the summer
collection than in the fall collection,

Since there were two factors simultansously affecting
the oribatid populations which were studied, i. e., the pas-
ture and the season, the analysis of the variance was done
factorially, the pasture with two levels and the season with

three levels., However, because of the unequal numbers of

subsamples, certaln corrections had to be applied to the
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TABLE VIII

THE MEANS AND VARIANCE OF ORIBATID MITE POPULATIONS
IN TWO PASTURES AND THREE DIFFERENT SEASONS.

£§§%;32 ‘ giggfibfg; EEE:; X s°
WARD

Summer 1967 5l 2167 Lo.1 152,62

Fall 1967 12 8lily 70.3 1774 .97

Winter 1968 12 302 25.2 661.97
ANA

Summsr 1967 30 2223 7h.1 5336.86

Fall 1967 26 2347 90.3 19320.28

Winter 1968 2l 1358 57.58 12)7.12

TABLE IX

THE MEANS OF TRANSFORMED DATA FROM ORIBATID
POPULATIONS IN TWO PASTURES AND.
THREE SEASONS.

Pasture and date Total x? X
WARD Summer 1967 125.69 2.34
Fall 1967 32.83 2.73
Winter 1968 25.70 2.1

ANA Summer 1967 80.81 2.69
Fall 1967 68.76 2.6l

Winter 1968 57 .69 2.140
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season sum of squares, whille the pasture sum of squares was
obtalned thrcugh a modified procedure, as advised by Snedecor
(1956). The results of the analysis are summarized in Table
X. It can be seen that the combined $.8. of pasture, season;
pasture X season and error exceeds the total S.3. This is
due to modification of the computation of the 38 fof pasture
and season, while that for the error was done as usual.

This way i1t gave a higher error M.S., so that the tests of
significance would be unblased. It turns out that values of
the F-ratios are highly signifieant for the effects of pas-
ture and of the season, while there was no indication of

interacting effects of the two.

TABLE X

SUMMARY OF ANALYSIS OF VARIANCE OF THE TRANSFORMED
DATE IN TABLE IX

Source of var. d.fo S.8. MoSo F_ratio
Total 157 L5.261
Pasture (weighted) 1 1.932 1.932 6,77
Season (corrected) 2 L.333 2,166 7 . 6053
Pasture X Season 2 1.174 0.587 2.059
Error {original) 152 43,106 0,285
#3ignificant at @ = 0,025
#¥gignificant at @ = 0,001
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It can be concluded, therefore, that the pasture in the
Anaplasmosis Laboratory area, which is dominated by Bermuda-
grass, supported more oribatid mites than the Ward pasture,
which is dominated by the little blue stem but also has many
other species of grasses as well as weeds. The orilibatid
populations would reach a peak in the November-December pe-
riod . During the winter many oribatid mites survived
although the reproductive activities were arrested. These
overwintering mites included most if not all species, re-
gardless of taxonomic alliance or size. Tables XI and XII
show the weather conditieons during the period of survéy°
While the summer months were hot, a considerable amount of
precipitation was recelved to keep the turf moist enough for
the mites to propagate., Although not much rain occurred
during November, relatively wel weather occurred during the
September-0October period. January and February were dry |
compared with the preceding months, andwsubfreezing tem=-
peratures occurred frequently. It appears that the humidity
is more critical than the ambient temperature in affecting
the growth of oribatid populations.

Table XIII listed the abundance of the five most common

species during each season. Scheloribates laevigatus con-

tributed most te the whole oribatid population in ANA, and
its relative abundance seemed to be consistent. In WARD
this species was the most abundant one during themwintei;y

but not in the summer cr fall, It seems that Galumna vir-

giniensis dominated the Ward pasture mainly during the
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TABLE XI

THE ATR TEMPERATURE (F) IN STILLWATER,
MAY 1967 - FEBRUARY 1968(1)

No, of days
20 30 or
or above below

Ménth Aver. AVer. ayep, Highest Lowest
max. min.

1967
May 78.y  52.8 65.6 93 35 L 0
June 86.1 66.1 76.1 95 53 6 0
July 89.1 66.0 77.6 101 52 15 0
August 90.5 6h.2 77.4 101 Lo 18 0
September 81.0 59. 70,2 88 37 0 0
October 75.8  L9.2  62.5 88 33 0 0
November 60.1 35.6 k7.9 76 aly 0 8
Decenber 51.5 29.1 KLo.3 70 1l 0 19
1968
January L7.3 28,3 37.8 70 0 0 20

February 51.6 25,7  38.7 72 19 0 2l

l?FPomz Climatoleogical Data vel. 76 (1967), no. 5-12,
and voel, .77 (1966) nc. 1-2. U.3. Dept. Commerce, Envir,
Sci, Serv. Adm. The data were recorded at 5 p.m. by the
Oklahoma State University meteorolegists at a station 2
miles west of Stillwater.



56

TABLE XII

INCHES OF PRECIPITATION IN STILIWATER,
MAY 1967 - FEBRUARY 1968( )

No. days
Total Greatest 15.1.0 1.0 in. Total Max. Depth

Month

rain day in., or more snow on ground

1967

May 6.22 2.43 10 3 0 0

June 3,93 1.65 10 1 0 0

July .59 3.32 5 1 0 0

August 1.28 .03 0 0 0

September L.060 .8l 13 0 0 0

October 2.58 1.40 5 1 0 0

November o (2 .39 3 0 1 0

December 5.71 .27 3 0 T 0
1968

January 1.68 .90 g 0 Tt T

February .25 .11 1 0 3 1

(1)From; Climatological Data vol. 76 (1967), no. 5-12,
and vol..77 (1968) no. 1-2. U.S. Dept. Commerce, Envir.
Sci. Serv. Adm. The data were recorded at 5 p.m. by the
Okla. S8tate Univ., meteorcloglists at a station 2 miles west
of 3tillwater.

“Trace.,
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THE SEASONAL VARIATION IN RELATIVE ABUNDANCE OF FIVE
COMMON ORIBATID MITES L)

Oribatid Summer 1967 Fall 1967 Winter 1968

WARD

Scheloribates laevigatus 11.7 26.5 30.0
Galumna virginienses 23,2 10.1 10.6
Galumna sp. 22.3 16.2 12,5
Peloribates sp. ol L 27.6 15.2
ANA |

Scheloribates laevigatus L7.6 L5.6 L7
Galumna virginiensis 8.2 9.0 11.4
Galumna sp. .1 7.0 8.1
Pergalumna curvum 1.4 17.2 7.3

1)

_ Relative abundance
(SA) in per cent.

of a specles or species abundance
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summer month, while in ANA 1t survived well during the win-
ter, having relative abundance value higher than that in
summer or fall., A similar trend was shown by Galumna sp.

Peloribates sp. was the most abundant speciles during the

fall season in WARD, and Pergalumna curvum also occurred

most abundantly in the same season in ANA. Thus S. laevi-
gatus, 1n addition to being the most common oribatid, also
proved to be highly resistant to low temperatures, as werse

G, virginiensis and Galumna sp. Kates and Runkel (19u8)

found large numbers of G, virginiensis in turf after it was

sub jected to a long frost. Similar findings were also re-
ported by Edney and Kelley (1953) in Kentucky.
Freeman (1952)p.studying the effect of temperature upon

the development of"Monocestus Sp.s anoplocephalid of por-

cupine, found out that a temperature of =5 degrees Celcius
was not harmful to either the oribatid mite (Galumna sp.)

or the tapewcrm. Therefore one important aspect of the érim
batid mite is the fact that it is capable of protecting the

anoplocephalid larva from an adverse weather condition.

v

Distribution Pattern

It has been indicated earlier that the oribatid mites
were not distributed at random; as shown in Table VIII the
variance in each collection was much toeo 1arée to be éom—
pared with the mean., For a closer look at the distribution
pattern, the frequencies of occurrence of the mites amoﬂg

the subsamples are presented in Table XIV. Four collections.
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are compared: from WARD in summer, from ANA in summer,
fall, and winter. The numbers of mites per subsample range
from O to over 150; one subsample from ANA contained 715
individuals (Appendix E).

It can be seen that among the subsamples taken from
WARD many contained less than 20 mites and fewer numbers of
them are listed 1In each of the successive categories of
abundance. If the frequencies are plotted against the abun-
dance, the curve resulting will be skewed to the left, which
is closer to the curve of a negative bilnomial distribution.
The frequency distributions in ANA, however, were less skew-
ed, although the number of samples with 11-20 mites was
larger than any other category. Thils may be due to the re-
latively small numbers of subsamples,

Table XV shows the distributions of twe common and

important species, G. virginiensis and S. laevigatus. In
the case of the former speciles;, a strikingly similar pattern

was 1ndicated in both WARD and ANA and in all seasons. The

distribution of S. laevigatus in WARD differed from that in
ANA, but again a Pather‘similar pattern in all seasons was
apparent. Thils similarity occurred despite the difference
in the density or the average number of mites per subsample.
In attempting to interprete these non-random distribu-
tions, the statistic k, one of the two parameters of the
negative binomial distributlion, was estimated through the
formula: k = iQ/SQ_ x s where, as usual, X 1s the sample

mean and s is the sample variance. As has been suggested
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TABLE XIV

THE FREQUENCY DISTRIBUTIONS OF ORIBATID MITES AMONG
SUBSAMPLES
Number of Frequency(l)
mites - :
WARD-8 ANA-W ANA-S ANA-F

0 1 0 0 0
1 - 10 6 3 1 2
11 - 20 10 6 6 L
21 - 30 8 2 1 2
31 - 40 8 3 1 3"
L1 - 50 L 1 2 2
51 « 60 Ly 2 2 2
61 - 70 i 1 2 1
71 - 80 1 0 3 2
81 = 90 3 0 2 2
91 - 100 1 1 L 0
101 - 110 1 1 1 1
111 - 120 0 0 0 0
121 - 130 0 1 1 0
131 - 140 0 1 1 0
141 - 150 1 0 1 1
151 or more 1 1 2 3
Total 5l 2l 30 26

1
( )S = Summer; F = Fall; W = Winter.



TABLE XV

THE FREQUENCY DISTRIBUTIONS OF G. virginiensis AND

S. laevigatus AMONG SUBSAMPLES

61

Number of G. virgin, S. laevig.
mites  yarp ANA ANA ANA  WARD ANA ANA  ANA(1)
S S F W S s F W
0 10 11 11 8 16 0 1 2
1 - 10 27 12 11 11 32 9 9 8
12 - 20 12 Iy 2 3 2 Iy 2 3
21 = 30 3 1 - 1 2 2 1 5
31 - Lo 1 - - 1 4 2 2
41 - 50 1 1 1 1 - L 3 1
51 - 60 - - - - 1 2 2 -
61 - 70 - . - - - 1 2 1
71 - 80 - - - - - - 2 -
81 - 90 1 - - - - 2 - 1
91 =100 - - - - - - - 1
101 or more - - 1 - - 2 2 -
Averase'?) 9.1 6.0 8. 5.6 51 350 L0.9 23.3

(

A

1)

'S = Summer; F = Fall;

/2)

Mites per subsample.

N = Winter.
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by Berthet and Gerard (1965), the vaiue of k may be used to
measure the heterogeneity of the distributlion. Stated dif-
ferently, k 1s a measure of the degree of clumping (Halrston,
1959). The smaller the value of k, the more aggregated the
individuals are. 1f the distribution tends toward Pocisson,
the differences between the mean and the variance becomes
smaller and so k becomes larger.

In Table XVI the k values of the four distributions pre-
sented in Table XIV are compared. The largest k is that of
the winter sample from ANA, the smailest is of the fall
sample, also from ANA. It appeared as 1f there was an in-
verse relationship between k and the density, or the mites
seemed to be more dispersed as the density was smaller. The
real reason for the mites to come close together, however,
may be different with different situatlions. Food is of
course one factor, and water balance is anothéro The mites
will undoubtedly gather in places where food materials are
plentiful, or will prefer to stay wherever the moisture is
gufficient to prevent them from desiccation.

The aggregations of G. virginiensis and of §. lasvi-

gatggvare compared in Table XVII. It can be seen that the
former was more distributed in élusﬁers than was the latter.

In WARD G. virginiensis seemed to be more dispersed than it

did in ANA, while the opposite situation was the case of

8. laevigatus. The tally of the frequencies 1n Table XV

PUSNES

gives evidence for the preceding statement. Here again,



TABLE XVI

THE K VALUES OF FOﬁR ORIBATID DISTRIBUTIOCNS
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Number of

Pasture and date ! : Mean k
subsample

WARD, Summer 1967 sk Lo.1 1.140

ANA, Summer 1967 30 7h.1 1.043

ANA, Fall 1967 26 90.3 0.415

ANA, Winter 1968 2ly 57.6 2,787
TABLE XVII

(AND

THE K VALUES FOR THE DISTRIBUTIONS OF G. virginiensis
o - S, . laevigatus

Pasture Number of  G. virgin. S. laevig.
and date subsample HMean

k Mean k

WARD, Summer 1967
ANA, Summer 1967“
ANA, Fall 1967
ANA, Winter 1968

9.2
6.0

8.4

0,50 5.1 0.30
0.35  35.0 1.15
0.1y  Lo.o 0.715
0.31 23.3 1.10
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both species appeared to be more clustered during the fall
seascn in ANA.

To study the relation between micrcclimate and the
spatial distribution of the oribatid mites, the temperature
and relative humidity of each subsample were recorded prior
to sampling. The data are listed in Appendices G-K. The
relative humidity values of the subsamples and the.numbers
of mites collected during the summer of 1967 from WARD and
ANA are plotted to each other in scattergrams in Fig. 6 and
7, and the ground temperatures and the numbers of mites in
Fig. 8 and 9. Judging from the scattering of the dots,
there were no correlations between the numbers of the mites
and either the relative humidities or the temperatures of
the subsamples. Large numbers of mites were found in both
humid and dry places, and extreme temperatures of the ground
did not seem to affect the mite populations. These facts
show that microclimate is not the only limitiné factor in
the spatial distribution of the mites. A multitude of both
biotic and ablotic factors may be responsible for either
the aggregation or the spread of the individuals. This 1is
especlally true when a large taxonomic group such as brim
batei is the subject. There may be a marked difference in
the biology or in the reaction to environment between one

specles and the others.



)

100t

g0t o

“ // - /
/= , (/7 AN |
" :
ﬁ ) N * e . )
= 7 *
H - [
m »
[ca}
E‘ ®
0 ' | |

/ ¥ T
o A : &
\ Lo :
R ’ ' )
o\ ' )
\ ‘
Q Y 1 R ‘ - / ‘ 7’
40 — — 4!5 - - - 1 - — 1 . N 1
50 T T ‘
5 o

GROUND REL. HUMIDITY (%)

Pig. 6. The relation
. between the elative humidities i 1)
< greund r i s 35 +4 '
in subsamples (WARD, summer 1967) ' rs of mites

59



100*} ’ )
o .
= .
By
g7
= 3
~
[49]
=
E o
=) ol
20¢F .
oL : . P . 4 . .
50 55 6o é5 o 75 80
GROUND REL. HUMIDITY (%)
Fig. 7. The relation between the ground relative humidities and the numbers of mites

in subsamples (ANA, summer 1967).

99



MITES IN SUBSAMPLE:

+] s .
100 ‘
80 - [
@0k . -
4ot ’

9

20 . 0" s

Q ) 5, R S— 1 ° 5 Y 5 N

B %0 35 100 105

: m -
GROUND TEMP. ( F)

Fig. 8. The relation between the ground temperatures of subsamples and'the nunbers of mites
(WARD, summer 1967).

L9



MITES IN SUBSAMPLE

20

68

L

] L i i

™ ¥ 80 85 90

GROUND TEMP. (°F)

Fig. 9. The relation between the ground temperatures of sub-
samples and the numbers of mites (ANA, summer 1967).



69

The significance of the distribution pattern of the
oribatid mites lies in the effect upon the method of esti-
mating the density. Unless the specific pattern of
distribution 1s known for a certain pasture; it would be
impossible to estimate the size of the population. For an
example, one specles of Oribatulidae in ANA has an overall
average of 13.0 per subsample because of a single occur=-
rence of the mite in a large number, which was above 500,
whereas the rest of the subsamples were mostly empty of this
species or 1t occurred in low numbers. It 1s clear; there-
fore, that a single cluster can effect a lot of difference

in the density.
The Effects of Vegetation on Oribatid Populations

The study on this subject was carried out exclusively
in the small plot near Lake Carl Blackwell. The populations
of the oribatid mites ih six purebstands or colonies of
grasses were compared with regards to the abundance, species
composition, and species diversity. The results of the mite
collections are presented 1in a two~wa§ table (Grass X Date),
Table XVIII. As with the previous data, transformations
were performed using k = OOOA, and the transformed values
are presented in Appendix L. The results of the analysis of
variance are presented in Table XIX.

The results indicate that there were significant dif-
ferences in the numbers of mites found in different grasses.

Bermuda grass and the prairie threeawn supported more mites
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TABLE XVIII

THE NUMBERS OF ORIBATID MITES COLLECTED FROM SIX GRASS
SPECIES DURING OCTOBER 1967 TO JANUARY 1968
IN BLACKWELL PLOT

Date of sampling
Grass . . Aver.,

Oct. 1 Nov. 3 Nov. 20 Dec. 5 Dec. 20 Jan. 16

Broomsedge 6 Y L1 8 12 10 15.4
11 9 20 30 22 L

Indian 15 1 9 14 5 19 12.4
30 I 3 12 15 29

Sideoat grm. 19 13 L 23 8 20 15.1
5 I 9 50 11 13

Big bluestem 16 0 1 2 7 3 8.7
17 5 27 L 3 6

Bermuda 69 25 uﬁ 16 1l 26 29,1
_ 37 36 31 9 19 11

Pr. threeawn L 20 7l 12 Iy 51 28.1
11 25, 90 5 5 37

Average 20.0 12.7 30.7 15.4 10.4  19.0
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TABLE XIX

THE ANALYSIS OF VARIANCE OF THE DATA IN TABLE XVITII
AND APPENDIX M.

Source of var. d.f. S.8. M.S. F-ratio
Total 71 116.567
Date 5 16.108 3.221 2.155
Grass 5 35.022 7.004 by . 68544
Date X Grass 25 11.615 0.6l 0.310
Error ‘ 36 53.822 1.495

#%8ignificant at = = 0.005

TABLE XX

THE SPECIES DIVERSITIES OF THE ORIBATID COMMUNITIES
IN. 8IX DIFFERENT GRASS SPECIES

Grass Totalfﬁites Total species ) d
Broomsedge 178 11 2,588 1.927
Indian 149 8 2.375 1?37u
Sideoat grm. 182 15 5.881 2,687
Big bluestem 1ok 7 1.330 1.282
Bermuda 349 1l 2,970 2.2443

Pr. threeawn 338 13 2.725 2.056
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than the others, the average numbers in these two species
were about the same, being 29.1 in Bermuda and 28.1 in
threeawn. The broomsedge bluestem was third in the ori-
batid mlte ébundance, sidecat gramma fourth, the Indian
grass fifth, and the big bluestem was last. The F test in-
dicated in Table XIX is significant at .= = 0,005,

On the‘other hand, the variation due to the date of
sampling was not significant. About as many mites were
found in January as in October, with some fluctuations in
between. The statistical test also iIndicates that there
was no intéraction between grass speciles and date,

It has been said previously that only 17 species of
oribafids were found in BLACK as compared with 21 in ANA
and 22 in WARD. . Fifteenhéf fhese specles were found in the
sideoat grammé, to make the community 1in this grass the
most diverse. Table XX compares the diversitles among the
oribatid communities in the six grasses. It shows that
after the sideoat gramma, Bermuda=-grass was also rieh in
orilbatids with lh species,‘followed by prairie threeawn
with 13 species, while the broomsedge, Indian grass, and
big bluestem had 11, &, and 7 species, fespectivelyn

The species compositions in different grasses gave an
inter*ésting-pictureo With the exceptions of the communi-
ties in Bermuda-grass and in big bluestem, all had one
specles which was far more abundant than the others. 1In the
broomsedge community, Galumna sp. made up 5652% of the“total

oribatids, while Zygoribatula sp., the second mos t abundant,
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was only 19.0%. In the Indian grass it was Zygoribatula sp.

which constituted 50.5% of the community, followed distant-

ly by Galumna sp. and Scheloribates laevigatus, each with

17.0%. 1In the sideoat gramma again Galumna sp. dominated

the population with 16.2%, Zygoribatula sp. contributed 22%,

and Oppiidae sp. 10%, the remaining 21.8% comprised 12 othér

species, And finally in the pralirie threeawn, Scheloribates

laevigatus formed the bulk of the oribatid community wilth

58.5%, while Zygoribatula sp. made up only 12.4%. Oppiidae

SP. 705%, G. virginiensis 6.4%, and Galumna sp. 6.0%. The

compositions 1in blg bluestem and Bermuda-grass were less

extreme. Zygoribatula sp. was the most abundant in the for-

mer grass with 38.3%, Galumna sp. was second with 25.7%, and
g ga-Jmia

G, virginiensis third with 20.2% in the latter, G. Virgin-

iensis headed the list with 25.7% followed by Oppiidae sp.

with 17.5%, 8. laevigatus with 16.9%, Galumna sp. with 13.0%,

and Zygoribatula 8sp. Wwith 8.5%, whiie 9 other species made
up the remaining 18.4%. 4

The differences in the abundance and structure of
oribatid populations 1in these six different grasses can be
partially explained by the differences in the morphological
features 'of the grasses, which in turn determine the physi-
cal nature of the habitat of the mites. Bermuda grass and
prairie threeawn are both primarily creeping species and;
particularly bermuda, sod forming. The stems and blades
wlll densely cover the ground sc that the floer of the turf

will be rich 1in organic matter which 1is esgential for the
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existence of the mites. OSuch specles as broomsedge and bi%
bluestems are standing, tall grasses. These kinds of
grasses spread in clones which are usually separated from
each other. Besides relatively low humus accumulation, the
microenvironment will be less exclusive to be an ideal
niche.

More precise explanations require information concern-
ing both the chemical compositions of the grasses and the
nutrient requirements of the mites. The difference in min-
eral content In the part of the habitat, for example, may
affect the extent of an oribatid population. There have
been no studles in this problem done on oribatid mites. The
fact that those six different grass speciles support dif-
ferent amounts and species of oribatids should create some

interest for the study 1n that direction.



CHAPTER V
SUMMARY AND CONCLUSIONS

A survey was made in two pastures and an ungrazed
grassland in Stillwater, Oklahoma, and vicinity to study the
structure of oribatid mite community, with special refer-
ence to the distribution and abundance of two species, Gal-

umna virginiensis Jacot and Scheloribates laevigatus Koch,

which are important intermediate hosts of anoplocephaiid
tapeworms of cattle and sheep.

The grasslands selected for the study represent three
different ecological conditions; the three areas differ in
size, vegetation, management, and utilization, as well as
locality. The Ward pasture, located four miles northeast of
Stillwater,'is a thirty-acre permanent pasture which has
been grazed by cattle for more than twenty-five years. Many
species of grasses and weeds occur in this land, but little
bluestem is predominant in most sections. The second studyﬂ
area, the pasture surrounding the Anaplasmoéis Laboratory at
the (Oklahoma State University's campus, 1s abouﬁ ten acres
in size and predominantly Berﬁudangrass, but prairie three-~
awn has invaded several parts. Sheep are brought in to
graze at irregular times every year, and mowing or grass

burning 1s done periodically. The third study area is

75
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located near Lake Carl Blackwell, nine miles west of S8till-
water., It 1s a one-half-acre abandoned field with rows and
stands of once cultivated grasses. The place is partially
bordered by woodland and a small stream.

A total of 230 sampling units,; each consisting ol four
cores of turf approximately 2 inches deep and 2% inches in
diameter, were collected during the period from July 1967
through February 1968. Of these units, 80 were taken from
the pasture near the Anaplasmosis lab, 76 were obtained from
the Ward pasture, and 72 from the plot near Lake Blackwell.
The materials were processed through Berlese-Tullgren ex-
tracting funnels to recover the mites.

A total of 27 species, representing 9 superfamilies of
the oribatid mites were found from all three areas. Twenty-
two specles were collected from Ward pasture (designated as
WARD), 21 species from the TAnaplasmosis" pasture (designat-
ed as ANA), and 17 species from the smali abandoned plot at
the lake (designated as BLACK). ~ Among these mites, Schelor-

bates laevigatus was the most common and occurred in large

numbers. This mite contributed 36.8% of the total oribatids
in ANA, 16.5% of that in WARD, and 28.4% in BLACK, Two

other species which were abundant included Gaiumna virgin=-

iensis and Galumna sp. G. virginiensis which was the most

dominant eoribatid occurring in WARD, constituted 23.5% of
the oribatid fauna in this pasture. Galumna sp. was second
with 20% in WARD, but this mite was dominant in BLACK with

a species abundance of 21.2%.
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The main elements of the community differed with local-

ity. In ANA, in addition te 8. laevigatus, three other

species, Pergalumna curvum, G. virginiensis and Oribatulidae

sp. were also abundant. The WARD community was dominated by
the two species of Galumne mentioned earlier and also by S.

laevigatus and Feloribates sp. In fact this last species

was the second most abundant in this community. In addition
to these, Eupelops sp. was found substantially k&%)o In

BLACK the main elements were Galumna sp., S. laevigatus,

and Zygoribatula sp. These different pictures clearly illus-

trate how the structure of oribatid community may be easily
dictated by the conditions of the environment.

The number of mites and the number of species can be
related in the concept of species diversity. An index of
diversity is a measure of richness 1in specles of a certain
community relative to the total number of individuals., It
was found that the Ward pasture; a thirty-acre area with a
relatively varied vegetation, was the most diverse with
respect to its oribatid community, whereas the "Anaplas-
mosis" area, a ten-acre grassland with Bermuda-grass and
prairie threeawn, was the least diverse. However, the dif-
ference in species diversity was not too great. The value
of Fisher's diversity index (u‘) was 3.16 for WARD, 2.76 for
BLACK and‘2o73 for ANA.

It is difficult at this point to single out the factor
or factors which caused the difference in the speciss com=

position and species diversity. A complex interaction
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among factors, both blotic and abiotic, are certainly re-
sponsible in causing either the survival or the elimination
of a speciles.

Statistical analysis indicates that there were signi-
ficant differences in the abundance of the oribatid mites
among pastures and among seasons, Thus, the pasture near
the Anaplasmosis laboratory, which was poorer in species
varlety, harbored mocre mite individuals than the WARD pas-
ture. The mild fall weather conditions effected a better
situation upon the microenvironment of the mites than did
those -of summer or winter; more mites were collected during
the fall than in other seasons studied. It appeared that
a peak was reached during the November-December period.
Judging from the data of the climatological cycle in this
geographical area, it is lilikely that another peak can be
reached during the May-June perilod.

The fact that the oribatid mites survived the winter
as adults for most, 1if not all specles, stresses the gig-
nificance of the mites in serving as intermediate hosts for
tapeworms. With a life span of over a year for either G.

virginiensis or 3. laevigatus; the tapeworm larvae are pro-

tected from the adversities of the environment within the
bodies of the mites, securing better chances to complete
their life cycle and to perpetuate,

Spatially the mites were not distributed at random.
Various degrees of clumping were observed from all the col-

lections. An index of heterogeneity (k) was determined to
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compare the population distributions. The value of k irdi-
cated that the mites as a group were more clustered during

the fall, and that G. virginiensis was more aggregated than

S, laevigatus. There were no indications that the micro=-
climate was the major factor affecting the spatial distri-
bution of the mites. Other factors such as food and the
limited ability of maintaining the water balance of the
mites will indeed determine the dispersion or the cluster-
ing of the oribatids. This patchiness in the ‘distributiocn
points out the difficulfy encountered if the population
dengity of the mites 1s to be estimated.

The study in the small plot at Lake Blackwell showed
that there were significant differenées in the oribatid
populations occurring in different species of grass. Among
the six species studied, Bermuda-grass and prairie three-
awn provided the best habitat for the oribatids. Sideoats
gramma carried a larger variety of species than either of
the two, with 15 specles, as compared with lh in Bermuda and
13 in the threeawn., Tall and erect grasses such és the
Indian grass; broomsedge, and the big bluestem proved to be
a poor habitat for the oribatid mites, the last mentloned
grass being the poorest. It is suggested that the mor-
phological structures of the grasses have some influence on
the nature of the habitat from the physical standpoints. An
must require detailed information concerningzboth the che-

mical constituents of the grass and the nutrlient reguirements
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of the mites. Thils proolem should make an Iinteresting topic

for fubure study.
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APPENDIX A

THE NUMBERS OF MITES COLLECTED FROM WARD PASTURE IN SUMMER
1967 AND THE CORRESPONDING TRANSFORMATIONS

Quadrat X X! (1) Quadrat X X (1)
1 109 3.05 28 28 2.37
2 32 2.43 29 28 2.37
3 L5 2.69 30 10 1.87
L 8L 2.92 31 17 2.12
5 Ixe 2.6 32 5 1.54
6 28 2.37 3 31 2.2
7 ol 2.97 3 33 2.45
8 191 3.32 35 15 2.06
9 7 2.72 36 6 1.63

10 31 2.2 37 is 2.8
11 2 2.57 38 141 3.17
12 31 2.2 9 55 2.70
1 58 2.73 0 67 2.80
1 29 2.39 L1 21 2.23
15 69 2.82 L2 68 2.81
16 75 2.86 143 17 2.12
17 20 2.20 uﬁ 60 2.74
18 62 2.76 Lig 33 2.45
19 81 2.89 L6 90 2.95
20 1,8 2.63 L7 0 0.00
21 6 1.63 L8 36 2.9
22 16 2.09 L9 1L 2.0
2 27 2.35 50 1.4

2 29 2.39 51 15 2.06
25 19 2.18 52 5 2.69
26 2 1.15 Si 2L 2.29
27 1l 2.03 5 12 1.96
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APPENDIX B

THE NUMBERS OF MITES COLLZCTED FROM WARD PASTURE IN FALL
1967 AND THE CORRESPONDING TRANSFORMATIONS

Quadrat X xr (1) Quadrat X xi (1)
5 168 3.25 27 63 2,77
11 76 2.86 30 101 3.00
16 55 2.70 36 L1 2.56
19 33 2.45 L2 2l 2.29
23 88 2.94 Ll 106 3.03
2l 18 2.15 50 71 2.83

(1)566 Appendix A4,
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APPENDIX C

THE NUMBERS OF MITES COLLECTED FROM WARD PASTURE IN WINTER
1968 AND THE CORRESPONDING TRANSFORMATIONS

Guadrat X xt (1)
1 32 2.43
7 5 1.54

10 16 2.09
16 11 1.91
2l 17 2.12
29 6 1.63
32 13 1.97
35 15 2.06
Lo 12 1.96
L5 92 2.96
L8 60 2.74
52 23 2.27
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APPENDIX D

THE KU32R» OF WKITHS COLLECTED FROM ANA IN SUMMER 1967 AND
_ THE CORRESPONDING. TRANSFORMAT IONS

Quadrat X xr (1) Quadrat X x1 (1)
1 L2 2,57 16 75 2.86
2 78 2.88 17 129 3.13
3 219 3.39 18 92 2.96
L 11 1.91 | 19 146 3.19
5 88 2.94 20 o8 2.99
6 10 1.87 21 337 3060(2
7 o7 2.98 22 131 3.13
8 62 2.76 23 16 2.09
9 o 2.69 2l 103 3,02

10 o2 2.96 25 15 2.06
11 29 2.59 26 68 2,80
12 18 2.15 27 .85 2.92
13 h 2.85 28 5l 2.69
i 13 1.99 29 3l 2.46
15 11 1.91 30 L2 2.57

(l>See Appendix A. § X N

(2)ca1culated through x' = k7% log,( (kx)® - (1 -kx)7)
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APPENDIX E

THE NUMBERS OF MITES COLLECTED FROM ANA IN FALL 1967 AND
, THE CORRESPONDING TRANSFORMATIONS

Quadrat X x1(1) Quadrat X xr (1)
1 8 1.76 1 12 1.96
2 52 2,65 15 18 2.15
3 256 3.46 16 33 2.45
L 77 2.87 17 7 2.85
5 15 2.06 18 86 2.92
6 30 2.0 19 20 2.20
7 2 1.15 20 15l 3.21
8 51 2.65 21 103 3.02
9 32 2.43 22 148 3.19

10 16l 3.2 23 Lo 2.6l
11 L5 2,60 2l 2l 2,29
12 62 2,75 25 81 2.89
13 715 L.ss5(2) 26 36 2.49

1)See Appendix A.

(Q)Calculated thI’Ough x! = k"’

-

7

V-
N

L
loge ( (kx)® - (1=-kx)%)

S0



APPENDIX F

THE NUMBERS OF MITRES COLLECTED FROM ANA IN WINTER 1968 AND
THE CORRESPONDING TRANSFORMATIONS

Quadrat X Xv(l) Quadrat X X“(l)
1 1 2,03 13 19 2.18
2 55 2.70 1y L 1.lily
3 133 3.15 15 2 1.15
L 31 2.2 17 13 1.99
5 L8 2.63 18 100 3.00
6 6 1.63 19 38 2,52
7 18 2.15 20 26 2.33
8 55 2.70 21 123 3.11
9 106 3.03 22 162 3.2l

10 35 2.48 23 11 1.91

12 67 2.80 2l 6l 2.77

25 23 2.27 26 15 2.06
(1)

See Appendix A.
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APPENDIX G

THE GROUND TEMPERATURES AND RELATIVE HUMIDITIES OF THE

SUBSAMPLES FROM WARD TAKEN IN SUMMER 1967
Quadrat t (F) RH (%) . Quadrat t RH (%)
1 96 55 28 88 1,8
2 92 55 29 80 53
3 90 53 70 78 50
ﬁ 100 9 31 89 53
5 92 7 32 83 57
6 o1 8 33 91 5L
7 98 66 3 177 60
8 96 ély 35 91 51
9 95 62 36 8Ly 59
10 98 61 37 91 7
11 96 62 38 106 56
12 08 55 39 106 57
1 106 7 0 105 [19
1 10l o) L1 105 53
15 100 L2 L2 103 50
17 99 55 Ll 93 53
18 102 57 L5 92 60
19 73 58 L6 92 L6
20 75 63 L7 96 39
21 75 58 1.8 102 65
22 76 58 Lo 90 65
2] Th 2¢ 20 23 48
2l 78 o7 51 89 65
25 86 53 52 90 62
26 oly 52 53 ol 6l
27 85 8 5 93 60
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APPENDIX H

THE GROUND TEMPERATURES AND RELATIVE HUMIDITIES OF THE
SUBSAMPLES FROM ANA TAKEN IN SUMMER 1967

Quadrat t (°F) RH (%) Quadrat t (°F) RH (%)
1 71 80 16 68 80
2 90 72 17 88 aly
3 81 78 18 86 6l
L 78 70 19 75 80
5 79 5k 20 82 53
6 70 80 21 82 61
7 88 65 22 83 59
8 82 66 23 88 56
9 79 75 2l 75 79

10 83 67 25 8l 55
11 75 68 26 82 ély
12 82 70 27 79 63
13 81 65 28 71 75
1l 72 8l 29 - 8L 61
15 75 58 30 82 7h
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APPENDIX I

'THE GROUND TEMPERATURES AND RELATIVE HUMIDITIES OF THE SUB-
SAMPLES FROM WARD TAKEN IN FALL 1967 AND WINTER 1968

Fall ____Winter

Quadrat t (°F) RE (%) Quadrat t (°F) RH (%)
5 62 59 1 53 73
11 68 68 7 5l 70
16 67 63 10 55 73
19 67 70 16 51 67
23 &l 74 2l 52 h
2l 66 62 29 Lo 76
27 69 70 32 52 7l
30 70 66 35 50 76
36 68 65 Lo L8 72
L2 71 70 Ls 51 68
Ll 69 n L8 sl 71
50 70 72 52 52 75
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APPENDIX J

THE GROUND TEMPERATURES AND RELATIVE HUMIDITIES OF THE
SUBSAMPLES FROM ANA TAKEN IN FALL 1967

Quadrat £ (°F)° RH (%) Quadrat  t (°F) RH (%)
1 52 69 1 6l 62
2 51 63 15 63 76
3 55 76 16 51 56

Ll 55 7h 17 5k 68
5 6l 6L 18 sl 8L
6 50 81 19 sl 86
7 51 73 20 71 73
8 5l 82 21 60 75
o 55 73 22 57 78

10 58 70 23 60 76

11 62 8l 2l 65 77

12 53 72 25 59 72

13 55 78 26 56 72
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APPENDIX K

THE GROUND TEMPERATURES AND RELATIVE HUMIDITIES OF THE
SUBSAMPLES TAKEN FROM ANA IN WINTER 1968

Quadrat t (°p) RH (%) Quadrat t (°F) RH (%)
1 sh 71 i 57 76
2 60 67 15 L5 90
3 60 68 17 62 71
n L6 87 18 60 76
5 L6 78 19 sk 80
6 53 71 20 L7 87
7 55 72 21 Ly 85
8 61 72 22 i 80
9 L7 87 23 L7 80

10 L7 80 2l 53 83
12 58 63 25 L8 8L

13 63 72 26 L5 82
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APPENDIX L

TOTALS OF TRANSFORMED VALUES OF PAIRS OF DATA PRESENTED
IN TABIE XVIII'l)

Date of Sampling
Grass

Oct, 1 Nov. 3 Nov, 20 Dec. 5 Dec., 20 Jan. 16

Broomsedge 5.47 ©5.01 9.35 7.0 7.41 .93

Indien 8.30 3.53 Ly .5k 6.69 5.73 8.61
S. gramma 6.36 5.89 L.79 9.99 5.81 7.37
Big bluestem 7.42 2.17 8.00 3.35 .2l L .06
Befmuda 11.635  9.49 10.40 6.50 7.L0 7.59

Pr., threeawn 5.06 8.43 13.56 5.40 .12 10.86

(l)k = 0.0k
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