
AN ABSTRACT OF THE THESIS OF

JAMES GEORGE WERNZ for the DOCTOR OF PHILOSOPHY
(Name of student) (Degree)

in Entomology presented on
(Major)

March 29, 1972
(Date)

Title: OBSERVATIONS ON THE FUNCTION AND STRUCTURE

OF THE TRITOSTERNUM OF SELECTED MESOSTIG-

MA TID MITES Redacted for privacy

Abstract approved:
Dr. Gerald W. Krantz

Glyptholaspis americana (Berl.), G. confusa (Foa) and

deutonymphal Parasitus sp. were studied to determine the function

of the tritosternum. Studies were conducted on feeding, cleaning,

temperature and humidity sensitivity using intact individuals and

individuals whose tritosterna had been surgically removed.

The tritosternum was found to have two functions:

1) As a cleaning device to keep the deutosternal groove,

deutosternal teeth and hypostome free of debris;

2) As a fluid-conserving device while feeding, being used in

conjunction with the deutosternal groove;

Sagittal and transverse serial sections were made to determine

the structure of the tritosternum. The tritosternum was found to be



discontinuously hollow, typically semi-circular in cross section,

and with a bichambered base. The tritosternal base possesses two

bands of muscle, each innervated by a tiny nerve.



Observations on the Function and Structure of the
Tritosternum of Selected Mesostigmatid Mites

by

James George Wernz

A THESIS

submitted to

Oregon State University

in partial fulfillment of
the requirements for the

degree of

Doctor of Philosophy

June 1973



APPROVED:

Redacted for privacy

7)rofessor of EI:Itomology
in charge of major

Redacted for privacy

flead ottepartment of Entomology

Redacted for privacy

Dean of Graduate School

Date thesis is presented March 29, 1972

Typed by Ilene Anderton for James George Wernz



ACKNOWLEDGEMENTS

I wish to thank my advisor, Dr. Gerald W. Krantz, Professor

of Entomology, Oregon State University for his guidance, counsel

and advice; Steve Pinson and the Japan Electron Optics Laboratory

Co., Ltd. , for the scanning electron micrographs; my wife and

family for their faith and confidence; my parents for their support

and concern; and numerous friends for their encouragement.



TABLE OF CONTENTS

INTRODUCTION

Page

MA TERIA LS AND METHODS
Establishing and Maintaining Cultures 7
Structural Studies 8

Strategy and Approach 8
Techniques 10

Histological Procedures 10
Fixatives 10
Embedding Media 10
Sectioning 11

Staining 11

Scanning Electron Microscopy 13
Tritosterna of Whole-Mount Specimens 14

Behavioral Studies 14
Strategy and Approach 14
Techniques 15

Making a Microfork 15
Operating the Microforge 15
Making a Micropipette 18
Making a Microscalpel 18
Performing a Tritosternectomy 21

Fluid Transport 25
Feeding Studies 25

Feeding Behavior 25
Predation 26

Ancillary Studies 28
Grooming 28
Thermoreception 29
Hygroreception 29
Hydroreception 31

TESTS AND OBSERVATIONS 33
Structural Studies 33

Histological Observations 33
Scanning Electron Microscopy 38

Plate 7 - Tritosternectomized Adult Female 38
Plate 8 - Deutonymph 41



Page

Plate 9 - Deutonymph 41
Plate 10 - Normal Adult Female 44

Tritosterna of Whole-Mount Specimens 44
Behavioral Studies 56

Fluid Transport 56
Feeding 60

Normal Test Mites 60
Glyptholaspis americana and G. confusa 60

Parasitus sp. deutonymphs 63
Tritosternectomized Mites 64

Glyptholaspis americana. 64
Parasitus sp. deutonymphs 65

Predation 66
Ancillary 70

Grooming 70
Thermoreception 74
Hygroreception 77
Hydroreception 77

DISCUSSION AND CONCLUSIONS 80

SUMMARY 90

BIBLIOGRAPHY 92



LIST OF TABLES

Table Page

1. Comparative measurements of gnathosomal and
tritosternal features of various families of
Mesostigmata. 55

2. Predation on house fly eggs by (a) normal and
(b) tritosternectomized adult female G. confusa. 67

3. Predation on house fly larvae by (a) normal and
(b) tritosternectomized Parasitus sp. deutonymphs. 68



LIST OF FIGURES

Figure Page

1. Tritosternum of Stygophrynus sp. (Amblypygi)
in relation to the palpal coxae. 2

2. Tritosternum of Opilioacarus sp. (Notostigmata,
Opilioacaridae) showing paired nature of the organ
(after Krantz, 1970).

3. Representative tritosterna of the suborder
Me so stigmata.

4. Zipper vial culture chamber with charcoal-plaster
substrate. 9

5. Making a microfork. 16

6. Method for making a microscalpel using a "minuten
nadel" and operator controlled fracturing stresses. 20

7. Charcoal-plaster "sandwich slide" used for observ-
ing feeding and cleaning behavior of test mites under
a compound microscope. 27

8. Charcoal-plaster "sandwich slide" for observing
feeding and cleaning behavior of test mites when
placed on a horizontally positioned dissecting
microscope. 27

9. Temperature gradient tube for determining tempera-
ture sensitivity and preference of normal and
tritosternectomized test mites. 30

10. Rubber washer "sandwich slide" with micropipette
for observing water finding and drinking of test mites. 32

11. Composite illustration of tritosternum of G. confusa
showing internal structures. 36



Figure Page

12. External morphology of the tritosterna of
a. Macrochelidae, b. Polyaspidae, c. Sejidae,
d. Trachytidae, e. Phytoseiidae, f. Zerconidae,
g. Uropodidae.

13. External morphology of the tritosterna of
a. Ixodorhynchidae, b. Laelapidae, c. Hetero-
zerconidae, and d. Haemogamasidae.

14. External morphology of the tritosterna of
a. Eviphididae, b. Ameroseiidae, c. Anten-
nophoridae, d. Diarthrophallidae, and e.
Pachylaelapidae.

47

48

49

15. External morphology of the tritosterna of
a. Otopheidomenidae, b. Laelapidae (Alphalaelaps
aplodontiae), c. Rhinonys sidae, d. Macro-
nyssidae, e. Laelapidae (Neolaelaps spinosa),
f. Spelaeorhynchidae, g. Spinturnicidae, and
h. Entonys sidae. 50

16. Families of various Mesostigmata grouped into
representative tritosternal types. 52

17. Dendogram of parasitic mite evolution (Radovsky,
1969). 54

18. Gnathosoma of Spelaeorhynchidae (Spelaeorhynchus
sp. ). 57

19. Average predation on house fly eggs/day by normal
and tritosternectomized G. confusa. 69

20. Average predation on house fly larvae/day by normal
and tritosternectomized deutonymphs of Parasitus sp. 69

21. Reconstructed sagittal view of the gnathosoma of
G. americana.



LIST OF PLATES

Plate Page

1. Sensaur de Fonbrune microforge used in making
microtools.

2. Sensaur de Fonbrune micromanipulator unit used
in microsurgery.

3. Cross-sections of the tritosternum of adult
G. americana and Parasitus sp. deutonymphs.

4. Sagittal section of tritosternal laciniae of
G. ame ricana.

5. Sagittal section showing junction of tritosternal
base and laciniae in G. americana.,

6. Sagittal section of tritosternal base of G. ameri-
cana showing nerve fiber.

7. Micrograph (SEM) of the gnathosoma of the trito-
sternectomized adult female G. confusa.

8. Micrograph (SEM) illustrating the deutosternal
groove of a normal G. confusa deutonymph.

9. Micrograph (SEM) of the tritosternal base of the
specimen in Plate 8.

10. Micrograph (SEM) of the gnathosoma of a normal
adult female G. confusa.

11. Micrograph (SEM) of the tip of the tritosternum
of an adult female G. confusa.

12. Serial cross-section of the deutosternal groove
of female G. americana.

17

22

34

37

39

39

40

42

43

45

46

59



Plate Page

13. Feeding injury in house fly eggs made by G. americana. 62

14. Deutosternal groove of (a) normal and (b) trito-
sternectomized deutonymphs of Parasitus sp. 75



OBSERVATIONS ON THE FUNCTION AND STRUCTURE
OF THE TRITOSTERNUM OF SELECTED

MESOSTIGMATID MITES

INTRODUCTION

Members of two subclasses in the Class Arachnida possess a

ventral structure known as the tritosternum. The tritosternum is

located posterior to the gnathosoma with its base lying between the

coxae of the palps and legs two. In the Subclass. Amblypygi it is a

stout, conical, unpaired structure possessing two heavy spines on its

tip and several pairs of setae on its ventral and lateral surfaces

(Figure 1). The tritosternum of the Suborder Notostigmata (Subclass

Acari) (Figure 2) is a paired structure which nevertheless resembles

that of the Amblypygi in general form.

The tritosternum of the Suborder Mesostigmata (Subclass

Acari) usually has a single fused base and may be uni-, bi-, or

triramous distally (Figure 3). The Mesostigmata includes predaceous,

parasitic and free-living mites which display tritosterna of varying

types although all families of the suborder do not possess this

structure.

To date, there has been no definitive study of the tritosternum

of Mesostigmata reported in the literature. The degree of inter-

and intrafamilial variation in size, shape and appearance of the
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Figure 1. Tritosternum of Stygophrynus sp. (Amblypygi) in
relation to the palpal coxae.

Figure 2. Tritosternum of Opilioacarus sp. (Notostigmata,
Opilioacaridae) showing paired nature of the organ
(after Krantz, 1970).
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tritosternum has probably discouraged comparative studies on

tritosternal structure. However, these variations in external

morphology have been useful in systematic studies, generally as a

character in dichotomous keys (Evans, 1957; Evans and Till, 1965;

Hughes, 1959; Johnston, 1961; Krantz, 1970; Morlan, 1951; TrAgardh,

1941; Wilson, 1967).

Aside from occasional mention in systematic keys, literature

referring to the tritosternum can be divided into three categories.

In category I, the tritosternum may be illustrated but there is no

mention of it in the text. Papers by Gorirossi (1955), Bourdeau

(1956), Fox (1946), Eads (1951), and Jameson (1947) are in this

category. Category II references are those in which the tritosternum

may be illustrated or roughly figured but, although there is some

mention of it in the text, the description is generalized (Furman,

1955; Elzinga and Rettenmeyer, 1966; Ryke, 1958; Strandtmann,

1948). Typical category II text comments are "the tritosternum has

a single pilose lacinia", "the tritosternum is carrot-shaped", or

"the tritosternum is normal". In many instances, such comments

constitute the only mention of the tritosternum in the entire text.

Category III references include a more thorough description of the

tritosternum with a complete illustration (Strandtmann, 1949, 1956;

Strandtmann and Camin, 1956; Keegan, 1951). Often, however, the

illustrations show the tritosternum only in relationship to the
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idiosoma (Keegan, 1951; Furman, 1959), its possible relationship

with the gnathosoma being unrecognized or ignored.

In describing the tritosternum of the Mesostigmata, Gorirossi

and Wharton (1953, page 445) say

In the mesostigmatid mites there is present at the base of
the gnathosoma an emergent plate that most frequently
resembles a large bifid seta. This structure is universally
recognized as the tritosternum or the primary sternite of
the third embryonic segment.

Evans, Sheals, and MacFarlane (1961) state that the tritosternum is

the sternite of the segment bearing the first pair of walking legs.

According to them, this is segment four. I know of no paper that

documents the point of origin of the tritosternum embryologically.

The above conclusions apparently were drawn from observations on

ambulatory stages.

Few observers offer information relating to the internal

structure of the tritosternum. Jakeman (19 61) and Michael (189 2)

reported seeing nerves entering the tritosternum. Gorirossi (1950)

reported it as a solid structure but, at the same time, said it con-

tained a lumen which began blindly at the base and terminated in

the laciniae.

Data relating to the function of the tritosternum inthe Amblypygi

is lacking. However, the position of the tritosternum and the

morphology of the gnathosoma suggest it may be associated with
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feeding, especially as a retaining or holding structure to prevent

loss of food particles.

The role of the tritosternum in the life history of the Mesostig-

mata was unknown although Evans and Till (1965) reported their

suspicions that the tritosternum of the mesostigmata was associated

with feeding. They noted that the non-feeding stages of Ornithonyssus

bacoti (Hirst) have a reduced tritosternum while that of the interven-

ing feeding stages is well developed. Personal communication with

Evans and other workers indicates that this has been a commonly

assumed function. However, Kramer (1876) suggested that the

tritosternum was not associated with feeding but was, perhaps, used

in mating.

I conducted a series of studies to test the hypothesis that the

tritosternum was involved in the feeding process. These studies

included:

1) A histological examination of the tritosternum.

2) Studies on feeding behavior and rates in normal and

tritosternectomized mites.

3) A study to determine the role of the tritosternum as a

fluid transporting mechanism.

Ancillary studies were conducted to determine the role of the

tritosternum as a grooming or sensory device.

The species studied were Glyptholaspis confusa (Fob.) and
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G. americana (Berlese) (family. Macrochelidae), and deutonymphs

of a Parasitus species (family Parasitidae). The Parasitus deuto-

nymphs and adults were unidentifiable with existing systematic keys.



MATERIALS AND METHODS

Establishing and Maintaining Cultures

Glyptholaspis confusa (Foa) and G. americana (Berlese)

(Macrochelidae) were collected from composted horse and cow

manure, respectively, southwest of Philomath, Benton County,

Oregon.

Axtell (1961), Rodriguez and Wade (1961), Filipponi (1955),

and Filipponi and Cervone (1957) reported successfully rearing

macrochelid mites using house fly eggs as food. G. confusa was

cultured in one-half pint jars with one-half inch of moist sand cover-

ing the bottom. Fresh house fly eggs were added twice a week as

food, since the mites would not eat eggs that were about to hatch or

were too old (eggs refrigerated 18 hours were too old; eggs refrig-

erated 10 hours were acceptable. At room temperature, many

four hour old eggs were unacceptable,) Additional cultures were

established using enchytraeid worms (Oligochaetes) as food accord-

ing to Singer and Krantz (1967). G. americana was cultured in large

wooden boxes (12" x 12" x 20") filled to two-thirds with moist sand.

Fresh house fly eggs were also added twice a week as food. All

cultures were watered regularly. Small populations of both species

were maintained for a year with these methods.
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A species of Parasitus occurred regularly in large numbers

in the cow manure in the early spring and summer, appearing in the

deutonymphal stage. These were kept for two to three months by

feeding them house fly larvae two or three times a week and adding

water regularly. These mites also were kept in one-half pint jars

with a sand substrate.

Test mites were housed individually in zipper vials with animal

charcoal-plaster of Paris substrates (Figure 4), and were fed and

watered regularly. All specimens were handled with a moist camel's

hair brush.

Structural Studies

Strategy and Approach

In examining the tritosternum, I hoped to discover differences

in tritosternal structure within the suborder that would possibly

relate to its function, especially in feeding.

The tritosternum was examined to determine basic structure,

external variation within the suborder and between mites of different

habits, and relationship with other closely associated gnathosomal

features. This was done by examining a variety of whole-mounted

specimens on slides and by study of scanning electron micrographs
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Figure 3. Representative tritosterna of the suborder Mesostigmata.
a. uniramous (Rhinonyssidae), b. biramous
(Macrochelidae), and c. triramous (Uropodidae).

lid
cotton plug

charcoal-plaster
mixture

Figure 4. Zipper vial culture chamber_ with.chatcoal-plaster
substrate.



10

of G. confusa. Internal structure was determined with histological

procedures.

Techniques

Histological Procedures

Fixatives. A number of fixatives which often are used for

cuticle-bearing organisms were tried during the study, including

Bouin' s, Carnoy' s and Petrunkewitsch' s fluids. Petrunkewitsch' s

fluid seemed the best of all the fixatives and caused the legs to

extend. The formulation used is listed by Gray (1954) as "4900.0040

Petrunkewitsch 1933". The specimens were fixed for 24 hours at

room temperature.

Embedding Media. Choice of the proper embedding media for

sectioning organisms with hard cuticle poses a special problem,

primarily due to cuticle shattering and tearing of the tissue.

Plastic embedding, while seemingly solving the problem of

cuticle shattering and tritosternal tearing, introduced other diffi-

culties. Acting on the suggestion by Dr. Patricia Harris (personal

communication) the medium chosen was Araldite (Ladd Research

Industries, Inc. ) using the proportions and stepwise polymerization

procedures of Luft (1961) except that Petrunkewitsch's fixative was

used instead of ethyl alcohol.
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Although the cuticle did not shatter or tear in Araldite, failure

to adequately remove the waxy covering of the cuticle resulted in

the tendency for the entire mite to "pop out" of the plastic mount

after being sectioned half way through. This was especially trouble-

some in preparing frontal sections. Removing one-half of each leg,

as suggested by Kuo and McCully (1968) hastened the infiltration

process and provided anchors (the leg remnants) which helped hold

the mite in the media,

Sectioning. Plastic embedded mites were sectioned at 31.1 with

a rotary microtome, or at .51.1 6Orriµ with a Porter-Blum Ultra-

microtome. These were floated from the knife on a water bath.

Thick sections (.50 from the ultramicrotome series were taken

every 2p. 3p..

Staining. Luft (1961) stated that Araldite preparations stained

readily with Heidenhain's Iron Hematoxylin as 1p, sections, but gave

no details regarding staining procedure. Some 2p, and 3µ sections

were stained with this material for 60 hours at room temperature

and counterstained with Eosin for three hours at room temperature.

The hematoxylin stained the cuticle very lightly but was not effective

in staining the nuclei. Eosin readily stained the muscles, intestine

and ovary (and the Araldite), but did not affect the brain and nerves.

A green light filter aided in differentiating tissues from embedding

media.
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Araldite sections tended to wash off the slides during the stain-

ing procedures. Dr. Alfred Owczarzak (personal communication)

indicated that suspending the glass slides and sections over a layer

of dichloroethane in a closed petri dish for 2-3 minutes and placing

the slide in a drying oven at 60°C overnight, would solidly affix the

sections to the slide. The severity and frequency of this problem

greatly decreased after such treatment and usually could be attributed

to a dirty slide.

Another difficulty was that the sections tended to "crinkle" dur-

ing sectioning and would not lie flat on the slide. This provided

niches for water, stains and air to collect which helped loosen the

sections from the slides causing parts of some sections to be lost

or fold over on top of themselves and others to be distorted. The

problem was partially overcome by floating the sections on a water

bubble on the slide and placing the slide on a warming table at 60°C

until the water evaporated. By warming the slide, water and sections,

some of the wrinkles smoothed out before the section settled on the

slide. After the slide was thoroughly dried, it was cooled to room

temperature and treated with the dichloroethane as above. Most of

the sections still had a slightly wavy appearance with the result that

the tissues were not all in the same plane of focus.

The staining procedure finally adopted for Araldite embedded

specimens was: Affix sections to the slides with dichloroethane and



13

dry overnight at 60 o
C. Cool them to room temperature and rinse

them with distilled water. Stain with Heidenhain's Iron Hematoxylin

for 48 hours at room temperature. Then rinse with distilled water,

tap water, 30%, 50%, and 70% ethanol in that order. Counterstain

with eosin for three hours at room temperature and rinse with 95%

ethanol. Then rinse the slides with xylene-ethanol mixtures (1:3,

1:1, 3:1) followed by a final rinse of 100% xylene. Apply balsam and

coverslip and cure for several days at 60 C. This is a modified

version of the method by Galigher and Kosloff (1964).

Scanning Electron Microscopy

The scanning electron microscope (SEM) was used to examine

the external morphology of the tritosternum of deutonymphs and

adult females of Glyptholaspis confusa. The depth of field provided

by scanning electron micrographs made the SEM extremely valuable

for this kind of work.

Specimens to be examined under scanning electron microscopy

were taped down with double-stick Scotch tape, placed in a vacuum

chamber and plated with approximately 250 A of gold. They were

examined with a JSM-U2 SEM (Japanese Electron Optics Laboratory)

equipped with a scanning receiver similar to a standard TV screen.

Photographs were taken with a polaroid camera, so they could be

examined almost immediately.
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Tritosterna of Whole-Mount Specimens

The tritosterna of a variety of whole specimens (male and

female) mounted in Hoyer's medium were examined by phase-contrast

microscopy for differences and similarities in external morphology.

Illustrations were made for visual comparison. Measurements of

the tritosternum and other parts were made with an ocular micro-

meter. Analyses of these materials were made on the basis of size,

complexity, position of the tritosternum and gnathosomal features,

and the generalized habits of the families represented.

Behavioral Studies

Strategy and Approach

Mites were observed under various conditions to establish their

basic behavioral patterns. Selected mites were then subjected to

microsurgery. The surgery performed was a "tritosternectomy" or

removal of the tritosternum. Behavioral comparisons were then

made between mites with a tritosternum ("normal") and those which

had undergone a tritosternectomy, to determine changes in the

behavioral patterns. Normal mites received the same pre- and
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postoperative treatment as did the tritosternectomized mites to

reduce variations produced by surgical procedures, but the trito-

sternum was not harmed.

Since the tritosternum is less than 300p, in length special tools

and techniques were necessary for its removal. These are described

below.

Techniques

Making a Microfork

Microforks were made from "rninuten nadelen" (Emil Arlt,

Vienna, Austria) ground to a chisel-type edge and then split with a

razor blade (Figure 5). This was done by hand under a dissecting

microscope. Other tools were made using the Sensaur de Fonbrune

microforge.

Operating the Microforge 1/

The microforge is illustrated in Plate 1. The heating element

1General
operating instructions may be found in:

1) Aloe Scientific. 1967. Instruction Manual for the
Sensaur de Fonbrune Microforge, Model No. MF-67
(Cat. No. V58092). Health and Science Division,
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"minuten nadel"

Figure 5. Making a microfork. A razor blade was used to make
the notch in the tip of the needle.
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Plate 1. Sensaur de Fonbrune microforge
used in making microtools.
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was made of 28 gauge nichrome wire. The wire (element) was bent

to a V-shape and mounted between the light source and the micro-

scope by two insulated electrodes. Small bits of glass were affixed

to the element until a ball of molten glass was formed. This con-

stituted the working supply.

Two basic tools were made with the microforge. These were

micropipettes and microscalpels.

Making a Micropipette

Micropipettes were made according to instruction manual

directions with the filament rheostat setting between 8.5 - 10.

Making a Microscalpel

The blunt end of a "minuten nadel" was inserted into a lmm

capillary tube and sealed with an alcohol flame. The tube then was

sealed into a metal sleeve with beeswax and the tip of the needle

touched with a whetstone. The needle was not ground flat, but the

Brunswick Corp, 27 pp.

de Fonbrune Micromanipulator and
Micro Forge. Aloe Scientific Bulletin T114.
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sharp tip was gound off. The metal sleeve, capillary tube and

needle were then clamped into the microforge vise clamp.

The angle of approach to the molten glass sphere, and the

heat setting, were quite important in the manufacturing of micro-

scalpels. If the rheostat setting was above 10.5 - 11, there was a

risk of melting the filament and having to prepare another one.

Below 9. 5 10, the glass sphere was insufficiently melted to perform

properly. This varied with the kind of glass used (hard or soft),

filament diameter and composition, and the diameter of the glass

sphere. I usually used soft glass, a 28 gauge nichrome wire filament,

a rheostat setting of 10 - 10. 5, and a molten sphere approximately

lmm in diameter.

The "minuten nadel" ensemble approached the glass sphere

from the same side as the filament. The needle was pressed onto

the sphere at a tangent until the glass flowed around approximately

1/2 diameter of the needle. The glass and needle were allowed

to warm thoroughly at a rheostat setting of 10 - 10. 5. The rheostat

was then turned off and the needle withdrawn slightly. As the appar-

atus cooled, stresses were gradually applied to the needle with the

control knobs until the glass fractured (Figure 6). In this manner,



"minuten nadel"

glass sphere microscalpel

Figure 6. Method for making a microscalpel using a "minuten
nadel" and operator controlled fracturing stresses.
Arrows indicate direction of stress applied by
operator.

20
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microscalpels were made with a diameter of less than 0. 5 mm.

Performing a Tritosternectomy

Surgery was performed using two Sensaur de Fonbrune Pneu-

matic Micromanipulator units.2/ Each unit consisted of a pneumatic

control with three pneumatic pistons set at right angles, and a

receiver with three pneumatic capsules (Plate 2). The pistons and

capsules were connected by rubber tubing so that horizontal move-

ment of the control handle produced a corresponding horizontal

movement in the field of view. Vertical adjustments were made so

that counter clockwise turning of the control knob moved the instru-

ments upward and clockwise turning moved them down.

The instruments (microscalpels and microforks) were clamped

in the receiver, and examined under the microscope for cutting edge

imperfections. Pneumatic controls were checked to insure that

the control units had not been moved or rotated, and that the pneu-

matic system did not leak.

The mites were anesthetized with carbon dioxide before removal

?'BasicBasic assembly and operating instructions are found in
the Aloe Scientific Bulletin T114, referred to in footnote on
page 15.
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Plate 2. Sensaur de Fonbrune micromanipulator unit used
in microsurgery. Each unit consists of a pneumatic
control (left) and a receiver (right). Two units
were used for surgery.



23

from culture and gently transferred from a damp camel's hair

brush to a drop of Elmer's Glue-all (Borden Chem. Co.) deposited

and spread on a glass slide. The mite was placed in the glue, ven-

tral side up, and a flow of carbon dioxide was maintained over it

until the glue began to "s t". If this was not done, the mite revived

and thrashed about until it was totally immersed in the glue, or

would grasp the bristles of the brush so tenaciously that there was

danger of injury to the mite in removing them.

The slide was placed on the microscope stage, secured with a

spring clamp, and the mite moved into the field of view. The

condensor and lens diaphragms were closed partially to decrease the

amount of heat reaching the mite and to allow for an increase in the

light intensity without making it blinding. A small dish of water

placed between the light source and the mite acted as an additional

heat trap.

The carbon dioxide flow was reestablished over the mite and

maintained throughout the tritosternectomy. The slide was oriented

so that the gnathosoma faced the metal fork. The fork was slipped

under the anteriorly directed tritosternum, and the tritosternal

base positioned in the notch. The microscalpel was lowered to the

tip of the tritosternal base, pressed against it, and a slicing action

performed toward the side using the microfork as a support or

"anvil".
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The tritosternum was removed by severing the tritosternal

base. The mite was left with a large open wound which increased

its susceptibility to desiccation. A tritosternectomy performed at

the base of the laciniae anterior to the tritosternal base did not have

this effect.

Every attempted tritosternectomy was not successful. How-

ever, with a good microscalpel, several tritosternectomies could be

performed before the microscalpel had to be replaced.

After surgery, the carbon dioxide was turned off, the slide

removed from the microscope and all glue removed by swirling

water around the mite with a camel's hair brush and rinsing it in a

small watchglass of water.

Finally, the mites were placed in individual zipper vials and

observed to detect symptoms of surgical damage. The majority of

damage, other than cuts and nicks from the knife, was brain

damage, which usually resulted from excessive pressure applied to

the sternal area by a knife that was too thick or had a high protub-

erance on its ventral surface. Damage was evidenced by decreased

motor activity or loss of coordination.

Movies of microscalpel preparation and surgical procedures

were made with a Konica II Zoom 8mm movie camera and are

deposited in the Oregon State University acarology laboratory.
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Fluid Transport

It was hypothesized that the tritosternum served to transport

"overflow" fluids from feeding anteriorly to the tip of the hypostome

to be imbibed. Normal and tritosternectomized mites were glued,

with Elmer's Glue-all, venter up, to slides. While under carbon

dioxide anesthesia, a drop of Neutral Red Vital Dye was placed at

the base of the tritosternum with a micropipette. Dye that remained

on the mites after the test was washed off in a water bath before the

mites were returned to their zipper vials.

Feeding Studies

Feeding Behavior

Observations on feeding procedures were conducted to deter-

mine feeding behavior, involvement of the tritosternum in feeding,

and predation in normal and tritosternectomized mites.

Feeding behavior and tritosternal involvement were deter-

mined with the use of dissecting and compound microscopes, both

in vertical and horizontal positions, and charcoal-plaster sandwich

slides constructed for these positions. The sandwich slide for the

horizontal and vertical compound microscopes was a one-quarter

inch hole drilled in a charcoal-plaster of Paris semi-disc which was
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then glued to a microslide and covered with a coverslip. The cover-

slip had a matchstick and lead weight glued to it (Figure 7). A

similar vertical cell (Figure 8) for use with a horizontally positioned

dissecting microscope was also built. Water was added to the

charcoal-plaster arenas to increase humidity for prolonged observa-

tion of the mites. Water baths as heat traps were placed between

the light source and the sandwich slides to prevent heat accumulation

and consequent desiccation or death of the mite.

Predation

Feeding studies also were conducted to show the effects of trito-

sternectomy on predation. Twenty normal mites of each of the

Parasitus deutonymphs and adult female G. confusa were individually

housed in zipper vials with charcoal-plaster substrates (Figure 4).

Then a tritosternectomy was performed on ten of each species.

Three days elapsed between tritosternectomy and initiation of the

test to allow for recovery of the tritosternectomized mites after

surgery. Normal mites received the same treatment as the trito-

sternectomized mites except the tritosternum was not harmed.

Fresh house fly eggs and water were added to the Glyptholaspis

confusa (Foa) vials each day. Old fly eggs and fly larvae from the

previous day's feeding were counted and removed. The difference

between the two day's figures [ eggs fed (eggs uneaten and fly
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matchstick
charcoal-plaster arena
coverslip

weight

Charcoal-plaster "sandwich slide" used for observing
feeding, cleaning, and mating of test mites under a
compound microscope. The matchstick and lead weight
allow positioning the slide on edge without loss of the
coverslip.

one-half glass microslide

plastic cap

cork

charcoal-plaster
arena

Figure 8. Charcoal-plaster "sandwich slide" for observing feeding,
cleaning, and mating of test mites when placed on a
horizontally positioned dissecting microscope.
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larva present the following day) ] showed the number of eggs preyed

upon. Collapsed fly egg shells were also removed to prevent clutter-

ing of the vial.

The Parasitus deutonymphs were given fresh house fly larvae

and water each day. The number of fly larvae fed minus the number

of fly larvae removed the following day showed the number of larvae

preyed upon per day.

Ancillary Studies

These observations were made on aspects of the mite's

behavior which I thought might involve the tritosternum as an active

structure or as a sensory device.

Grooming

A series of observations were made to determine whether the

tritosternum served as a grooming structure. Observations were

made on normal (non-tritosternectomized) G. confusa in charcoal-

plaster sandwich slides. Other normal and tritosternectomized

specimens were anesthetized with carbon dioxide and glued to a

microscope slide by their dorsa so that the venter of the gnathosoma

could be observed under a compound microscope at 100 - 200x.

Flour, pumice, powdered animal charcoal, and plaster of Paris

were sprinkled on the gnathosoma and the mites observed for
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mechanisms involved in removing these particles. The pumice

was too coarse and the plaster of Paris reacted with the cuticular

surface (or perhaps with a surface film of water) becoming stuck to

the mite. These were eliminated from further tests.

Thermoreception

Normal and tritosternectomized specimens of Parasitus

deutonymphs and G. americana (adults) were tested for temperature

sensitivity or selection ability. A 9/16 inch (1. 15 cm) glass tube

was cut to a length of nine inches (22.5 cm) and the ends firepolished.

Both ends were corked. One end was inserted horizontally about

two inches (5 cm) through the wall of a plastic cup 3-1/2 inches

(9 cm) in diameter and ice was packed around the tube. The opposite

end was warmed with a desk lamp behind an aluminum foil reflector

(Figure 9). A temperature gradient thus was established from

which the mites could select a preferred temperature. Normal and

tritosternectomized mites were handled with a camel's hair brush

and placed about 2-1/2 inches (6. 5 cm) into the tube which put them

approximately 1/2 inch (1. 25 cm) behind the reflector.

Hygroreception

Tests were performed to determine if normal and tritoster-

nectomized mites could sense moisture. A piece of filter paper was



plastic cup

cork

aluminum foil
reflector

ice

light

8.3
27.7 cork

Figure Temperature gradient tube for determining temperature sensitivity and preference of
normal and tritosternectomized test mites. Temperature in ° Centigrade.
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placed in a petri dish and three drops of distilled water placed in the

center of it. Individual mites were placed on the resulting wet spot

and a tightly fitting lid used to cover the dish. Each test was run

for a 15 minute period.

Hydroreception

Partly desiccated Parasitus deutonymphs, G. americana and

G. confusa were placed on a rubber sandwich slide to determine if

they could use the tritosternum to locate or drink water. A notch

was cut in the rubber washer (arena wall) and a micropipette

inserted to the inner edge of the washer (Figure 10). This was

attached to a microinjector and filled with water. When the mite's

tritosternum started to fall ventrally from its normal position, a

symptom of desiccation, a water droplet was forced to the tip of the

micropipette and their behavior observed.

The inside diameter of the micropipette was about the same as

the diameter of the gnathosoma. In the event that the droplet had to

be larger to attract them, I withdrew the tip slightly and filled the

notch with water.
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rubber washer

.1

1/2 glass microslide \-glass microslide

micropipette

Figure 10. Rubber washer "sandwich slide" with micropipette
for observing water finding and drinking of test mites.
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TESTS AND OBSERVATIONS

Structural Studies

Histological Observations

The laciniae of Glyptholaspis americana, G. confusa and

Parasitus sp. duetonymphs are hollow with numerous pili on their

external surface. These pili generally are hollow basally, their

cavity communicating with the lacinial tube. The most anterior pili

are solid.

In cross-section, the laciniae vary in shape, being semi-

circular, circular, triangular or oval (Plate 3). The bases of the

laciniae generally are semi-circular. They usually are triangular

throughout their length except for the tips, which are oval. Part of

this variability is due, I think, to preparation technique. In live

mites the laciniae appear semi-circular to triangular. However,

the flat dorsal surface of the lacinia is flexible and a circular cross-

section may not be too unusual an occurrence.

The lacinial cuticle appears similar to that of the rest of the

body, being composed of a thick exocuticle and a thin epicuticle.

However, the total thickness is not as great as that of the body cuticle.

The lacinial cuticle of G. americana measures only 1. 2-1.5p, at the



35

base, while the body cuticle varies between 7-8p,. 3/ The exocuticle

seals the lacinial cavity at its tip. Periodically, along the length

of the laciniae, there are internal "plugs" of exocuticular material

which divide the lacinial cavity into compartments (Figure 11 and

Plate 4). Proximally, the lacinial cavity decreases in size and

becomes irregularly shaped until, where the lacinia joins the trito-

sternal base, the lacinial cavity no longer exists.

Immediately posterior to the laciniae lies the tritosternal base

which is plugged distally by exocuticle. There is no evident connec-

tion between the distal portion of the tritosternal base (Plate 5) and

the laciniae.

Proximally, the base becomes two-chambered, having a dorsal

and a ventral cavity. The ventral cavity is closed and may merely

allow for expansion of the dorsal chamber or serve as a structural

support. The dorsal chamber opens directly into the body and con-

tains two bands of muscle, connective tissue and coelomic fluid.

Both cavities are lined with exocuticle and the anterolateral portions

of the dorsal cavity contain lightly chitinized crescent-shaped bars

for muscle insertion (Figure 11). The thickness of the tritosternal

base cuticle is 0.9-1.8p. in G. americana, and 0.6-1.5p. in the

3/ Wharton, Parrish and Johnston (1968) found the cuticle of
Lae laps echidnina Berlese, to be between 10-1111 thick while that
of the acarid mite Caloglyphus berlesei (Michael) is less than 311.



Dorsal
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Ventral

lacinia
muscle bundles

tritosternal base

lacinial plug lacinial cavity

Sclerite for muscle attachment
Ventral cavity

Figure 11. Composite illustration of tritosternum of G. confusa showing internal structures.
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Plate 4. Sagittal section of tritosternal lacinia of G.
americana. Note endocuticular plugs in the
lacinial cavity.
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Parasitus sp. deutonymphs. In cross-section the tritosternal base

is either circular or semi-circular (Plate 3).

Each of the two muscle bands separates posteriorly and fans

out into numerous fibers (Figure 11). I could not tell where the

fibers had their origin but they may attach to exocuticle just behind

the tritosternal base, to the cuticular border of the sternal shield,

or to the presternal shields in mites which have them. An uncon-

solidated or weak attachment of this sort would allow only weak

limited movement of the appendage, as has been observed.

Posteriorly, the tritosternal cuticle joins the cuticle of the

body wall.

Two tiny nerves innervate the tritosternum, one from each

side of the ventral lobe of the brain (Plate 6). Ventral lobe nerves

are generally considered to be motor nerves and these would control

movement of the tritosternum.

Scanning Electron Microscopy

Plate 7 Tritosternectomized Adult Female

It was noted that preparing the mite in the vacuum chamber

caused desiccation and collapsing of the specimen. This resulted

in the flexible membranes of the leg joints becoming "fluted" and

the gnathosoma being retracted partially into the body. This
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Plate 5. Sagittal section showing junction of tritosternal
base and laciniae in G. americana.

Plate 6. Sagittal section of tritosternal base of G.
americana showing nerve fiber.
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Plate 7. Micrograph (SEM) of the gnathosoma of the
tritosternectomized adult female G. confusa.
C = chelicera, Cb = cheliceral brush, Cr =
corniculus, Dg = deutosternal groove, Hs =
hypostomal seta, LI = leg I, LII = leg II,
and P = palp.
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micrograph shows the deutosternal groove, and the extent of gnatho-

sornal retraction caused by the vacuum preparation. The gnatho-

soma is retracted about one-half of its length. The palpal coxae

are the lateral margins of the gnathosoma.

The corniculi are not rigid fixed extensions of the hypostome,

but are heavily sclerotized appendages jointed at the base.

Plate 8 Deutonymph

The nature of the deutosternal groove, deutosternal teeth, and

the tritosternum are clarified in this view. It is particularly inter-

esting to note that the tritosternum is flat on its dorsal surface. The

tritosternum previously was considered to be a completely cylindrical

structure.

Plate 9 Deutonymph

This is an enlargement of the base of the tritosternum shown

in the previous micrograph. It shows the deutosternal teeth and the

deutosternal shelf (which appears flexible), as well as the corrugated

nature of the flexible presternal membrane. The circular "button"

laterad of the tritosternal base has not been observed on specimens

prepared for light microscopy and may be an artifact.
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Plate 8. Micrograph (SEM) illustrating the deutosternal
groove of a normal G. confusa deutonymph. Dg =
deutosternal groove, Dt = deutosternal teeth,
Hs = hypostomal seta, Pm = presternal membrane,
and T = tritosternum.
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Plate 9. Micrograph (SEM) of the tritosternal base of the
specimen in Plate 8. Dg = deutosternal groove,
Dt = deutosternal teeth, Pm = presternal mem-
brane, and Tb = tritosternal base.
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Plate 10 - Normal Adult Female

This micrograph shows the hypostome, deutosternum, trito-

sternum, and corniculi of a normal adult female. The corniculi are

lying in the same plane as the hypostome and the jointed nature of

their bases is not as evident as in Plate 7. The chelicerae were

withdrawn into the gnathosoma by the vacuum preparation. The

brighter areas of the photo are probably due to an electrical "charg-

ing" of the surface of the specimen during electron bombardment,

causing secondary or tertiary emissions from the specimen and

consequent "clouding" of the image. The acicular nature of the tip

of the tritosternum shown in Plate 11 was surprising. There is no

evidence that this tip is hollow or that the acicular portion possesses

any pits or depressions which could be interpreted as sensory areas.

Tritosterna of Whole-Mount Specimens

Illustrations of tritosterna are shown in Figures 12-15. Except

where noted, each illustration represents a different family, although

it should be pointed out that there often is tritosternal variation

within the family.

Several analyses of tritosternal types were made. The first

was done on a basis of tritosternal base and lacinial configuration

and showed the following seven forms, listed in order of decreasing
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Plate 10. Micrograph (SEM) of the gnathosoma of a normal
adult female G. confusa. H = hypostome (with
hypostomal setae), LI = leg I, LII = leg II, P =
palp, and T = tritosternum.



Plate 11. Micrograph (SEM) of the tip of the tritosternum
of an adult female G. confusa. Cr = corniculus
and T = tritosternum.
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Figure 12. External morphology of the tritosterna of a.
Macrochelidae, b. Polyaspidae, c. Sejidae,
d.. Trachytidae, e. Phytoseiidae, f. Zerconidae,
g. Uropodidae, Figures a and e represent well
developed tritosterna; b, c, d, f, and g repre-
sent modified development (see Table 4).
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Figure 13. External morphology of the tritosterna of a.
Ixodorhynchidae, b. Laelapidae, c. Hetero-
zerconfdae, and d. Haemogamasidae.
Figures a, b and d represent well developed
tritosterna (see Table 4).
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Figure 14. External morphology of the tritosterna of a.
Eviphididae, b. Ameroseiidae, c. Antennophor-
idae, d. Diarthrophallidae, and e. Pachylaelap-
idae. All are well developed (see Table 4).
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Figure 15. External morphology of the tritosterna of a.
Otopheidomenidae, b. Laelapidae (Alphalaelaps
aplodontiae), c. Rhinonyssidae, d. Macro-
nyssidae, e. Laelapidae (Neolaelaps spinosa),
f. Spelaeorhynchidae, g. Spinturnicidae, and
h. Entonyssidae.
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frequency: 1) conical base with two pilose laciniae, 2) conical

base with two modified laciniae, 3) conical base with one lacinia,

4) square base with two laciniae, 5) rectangular base with one or

two laciniae, 6) no base with two laciniae and 7) a base (sclerite)

with no laciniae. Since the conical base with two pilose laciniae was

the most common form observed, it was presumed to be a basic

configuration, with the others being modifications of it. Superimposi-

tion of feeding and behavioral data for each family (free-living = fl,

insect associates = ia, facultative parasite = fp, or obligate parasite =

op) on tritosternal configuration data provided a basis for Figure 16.

A second analysis utilized a phylogenetic scheme of adaptive

radiation of parasitic mites (Radovsky, 1969) which agrees with

Evans (personal communication), In this scheme it is assumed that

generalized soil or litter inhabiting mites existed first. Some of

these eventually found themselves in nest material of ground nesting

animals, Their free-living, free-feeding existence gradually shifted

to feeding on excrement, shed skin, hair, feathers, dried blood and

other cast off materials from the nest's inhabitants. Feeding then

progressed to meals consumed on the host and consisting of similar

shed materials as before. This eventually led to exclusive feeding

on dried blood, then blood droplets from the host's wounds and finally

to development of a mechanism by which the mite could pierce the

host's skin and obtain fresh blood. Some of the mites specialized at



rectangular base,
1 or 2 laciniae

Sejidae (fl)
Polyas pidae (fl)
Trachytidae (fl)

N

Square base,
2 laciniae
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no base,
2 laciniae

Entonyssidae (op)

Conical base,
2 pilose laciniae

base (sclerite),
no laciniae

Spinturnicidae (op)

Eviphididae
Pachylae lapidae

(ia)
(ia) Conical base,

Phytoseiidae (fl) 2 modified laciniae
Macrochelidae (fI) .Ame rose iidae (ia)
Uropodidae ( fl) Antennophoridae (ia)
Haemogamasidae (fp) Diarthrophallidae (ia)
Ixodorhynchidae (fp) Zerconidae (fl)
Heterozerconidae (fp)
Laelapidae (normal) (fp)

Spelaeorhynchidae
Macronyssidae
Laelapidae

Neolaelaps
Alphalaelaps

Otopheidomenidae

Figure 16.

(op)
(op)

(op)
(op)
(op)

Conical base,
1 lacinia

Rhinonyssidae (op)

Families of various Mesostigmata grouped into repre-
sentative tritosternal types. Arrows indicate possible
trends in development from a simple biramous macro-
chelid or parasitid type. Generalized habits indicated
by: op = obligate parasite, fp = facultative parasite,
fl = free-living, and ia = insect associate.
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various stages of this feeding development on various hosts, leading

to a wider variety of mite species. In the scheme presented here,

free-living and insect associated mites <were not included since

Radovsky (1969) dealt only with vertebrate parasites. Tritosternal

development was evaluated on a progressive scale of five units, with

zero being no development or just a sclerite, and four representing a

highly developed tritosternum. These values were then placed in

the proper position on Radovsky's dendrogram. The result (Figure

17) showed an inverse relationship between the complexity of trito-

sternal structure and the development toward obligatory parasitism.

This also indicated some relationship of the tritosternum to feeding

habits, suggesting that the role played by the tritosternum during

feeding was, perhaps, more important or evident in the generalized

mites than it was in the specialized parasitic ones.

A third analysis involved measurements made on the trito-

sternum and associated gnathosomal structures. Table 1 shows

the tritosternal length to be equal to or greater than the gnathosomal

length from the base of the gnathosoma to the level of hypostomal

setae III, except in those groups in which the tritosternum is absent

or extremely modified (Entonyssidae, Spinturnicidae, Halarachnidae).

Except for these families, the tritosternal length was found to be

equal to, or two-thirds of, the length of the deutosternal groove. The

position of the anterior most deutosternal teeth also is fairly constant,



(fp) Dermanyssidae (4)

(op) Halarachnidae (0)

(fp) Haemogamasinae (3)

( p) Entonyssidae (1)

(fp) Ixodorhynchidae (4)

(fp) Laelapinae (4)

(fl) Hypoaspidinae (4)

(op) Rhinonyssidae (2)

(op) Spinturnicidae (0, 1)

p) Macronyssidae (3)

Figure 17. Dendrogram of parasitic mite evolution (Radovsky, 1969). Numbers in parentheses
were added indicating the degree of tritosternal development. 0 = no tritosternum,
1 = poorly developed, 2 = fair development, 3 = well developed, and 4 = highly
developed. Generalized habits .indicated by letters in parentheses as in Figure 16.
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Table 1. Comparative measurements of gnathosomal and tritosternal features of various families
of Mesostigmata. Measurements are in microns.

Positron of anterior row of
deutosternal teeth in rela-
tion to Hypostomal Setae
III

a = anterior to III

Length of
Family tritosternum

Length of
deutosternal

groove

Length of
gnathosoma from

base to
Hypostomal Setae III

sla = slightly anterior to III
e = even with III
slp = slightly posterior to III
p = posterior to III

Ameroseiidae 68 60 60

Antennophoridae 163 96 102 none*

Diarthrophallidae 126 84 60 p

Entonyssidae 17 none 72 none

Eviphididae 234 132 123 sla

Haemogamasidae 150 120 114 slp

Halarachnidae none none 100 none

Heterozerconidae 150 126 126 none**

Ixodorhynchidae 108 80 80 e

Laelapidae 84 90 90 slp

Macrochelidae 300 300 210 sla

Macronyssidae 114 90 87 e

Otopheidomenidae 51 61 47 slp

Pachylaelapidae 294 204 163 e

Phytoseiidae 90 66 54 sla

Polyaspidae 80 103 66 slp

Rhinonyssidae 84 90 78 p

Sejidae 120 125 72 p

Spelaeor hynchidae 186 111 78 none

Spinturnicidae none none 120 none

Trachytidae 72 103 66 p

Uropodidae 90 60 48 p

Zerconidae 60 81 60

*Has smooth ridges in the deutosternal groove that may replace deutosternal teeth.
**Has serrate ridges alongside the deutosternal groove.
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being near the level of hypostomal setae III. Exceptions include the

same three families mentioned above plus one additional parasitic

family, the Spelaeorhynchidae, which has no deutosternal teeth

(Figure 18).

Behavioral Studies

Fluid Transport

While the mites were anesthetized the neutral red vital dye

droplet was easily placed on the tritosternal base. When the carbon

dioxide flow was terminated the mites revived and the dye quickly

ran up the deutosternal groove along the tritosternum. Where the

laciniae separated to follow the lateral margins of the groove the dye

followed them, making a dark line along the lateral margins of the

groove. In most cases the dye ran to the most lateral bristle of the

hypostomal fringe. In one instance, the dye continued onto the fringe

and created a droplet, but did not flow onto the internal malae. All

mites were cleaned in a water bath before returning them to their

zipper vials.

Tritosternectomized mites were studied in the same manner.

The drop of dye, applied as in earlier tests, did not proceed any

farther than the level where the tritosternum had been removed

(usually the tip of the tritosternal base). When the gnathosoma
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tritosternum
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Figure 18. Gnathosoma of Spelaeorhynchidae (Spelaeorhynchus sp. ).
Note edentate condition of the deutosternal groove.
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retracted, the dye followed the tritosternal base as far as the base

extended but did not appear in any of the more anterior parts of the

deutosternal groove. Eventually, water evaporated from the droplet

leaving a red deposit around the tritosternal base and the circum-

capitular suture.

The question then arose as to the mechanism of tritosternal

fluid transport. Observation of normal mites showed that gnatho-

somal telescoping was not necessary to transport fluids anteriorly as

long as the tritosternum could reach the hypostomal tip. If the fluid

was not "pumped" forward (by telescoping) it had to be drawn for-

ward by capillarity. Serial sections had shown a convexly curved

basal deutosternal groove (Plate 12), the margins being bordered

by elevated ridges. Since the dye moved in the lateral margins of

the anterior portions of the groove these regions were examined

closely in the sections. It was found that, although the deutosternal

groove margins are very gently sloped near the base, as the groove

margins go forward they take on a shallow "U" shape in the middle

portion of the groove (Plate 12) and deepen anteriorly to a very deep

and narrow "U" as they approach the hypostomal fringe (Plate 12).

This would, and apparently does, provide a basis for a strong

capillary action to carry fluids to the mouth, as long as the laciniae

cover the U-tubes. Where the tritosternal laciniae are missing, the

capillary action is lost and the fluid around the tritosternal base
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Plate 12. Serial cross-section of the deutosternal groove of
female G. americana; a, b, and c are near hypo-
stomal tip (arrows indicate hypostomal fringe);
d is posterior to hypostomal setae I; e is anterior
to hypostomal setae II; f is posterior to hypostomal
setae II; g is near deutosternal setae; h is near the
base of the gnathosoma.
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Feeding

Normal Test Mites
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Glyptholaspis americana and G. confusa. The two species of

Glyptholaspis attacked fly eggs much more readily than did the

parasitids. The egg membrane was easily broken and the fluid

drained. In attacking the fly eggs, both Glyptholaspis species seem

to prefer grasping the egg from the side (perpendicular to the long

axis) with the chelicerae. The egg is pulled toward the gnathosoma

while the palps reach out and wrap around it. The egg membrane

breaks, generally when the egg is close to the gnathosoma, and the

contents are eaten. On occasion, an egg would break when grasped

with one chelicera. The egg contents then gush onto the gnathosoma,

sometimes engulfing it.

The technique for breaking the egg is an ingenious combination

of structure and mechanics. The mesal surface of the chelicerae

are flat and normally held closely appressed. One chelicera grasps

the egg and then the other, next to the first. Both chelicerae are

retracted at the same time, drawing the egg toward the gnathosoma.

Simultaneously, the labrum thrusts upward between the chelicerae.

The cheliceral retractor muscles are slightly divergent posteriorly
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and, consequently, as the chelicerae are retracted, they are pulled

into a narrow "V". The apex of the "V" is further spread by the

labrum which forces the chelicerae apart. The resulting axial

stresses on the egg surface produce a tear in the membrane (Plate

13) at right angles to the stress. This is accomplished just as the

egg reaches the gnathosoma and the fluids are quickly consumed with

a minimum of spillage.

Some fluids found their way down to the ventral junction of the

gnathosoma and idiosoma (circumcapitular suture), but the depth of

the fluid seldom exceeded the thickness of the tritosternal base. In

fact, the tritosternal base seemed to stop the fluid from rising too

far, and spilling or running all over the venter of the mite. The egg

fluids formed a meniscus along the sides of the tritosternum and

extended anteriorly part way up the laciniae. An additional smaller

droplet occasionally formed anterior to hypostomal setae III. During

feeding the tritosternum was kept flush with the deutosternal groove

even while the gnathosoma moved back and forth. This "telescoping"

of the gnathosoma, as noted in later studies, provided an excellent

opportunity for the tritosternum to scrape the deutosternal groove

and the hypostomal fringe. After feeding the mite dropped the egg

shell and within five minutes the fluid at the circumcapitular suture

was gone. The mite then groomed itself thoroughly.

There was frequently a frothy looking deposit on the hypostomal
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Plate 13. Feeding injury in house fly eggs made by G.
americana (see explanation p. 76).
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fringe which was picked up by the chelicerae when they were extended,

and was scraped off the chelicerae when they were retracted. Some

of this material was deposited on the substrate by the chelicerae

when they extended.

Parasitus sp. deutonymphs. When feeding on worms or larvae,

the most frequent method of attack by Parasitus was to approach the

prey from the side, grasp it with the chelicerae, pull it to the

gnathosoma and hold tightly until the palps were firmly wrapped

around the prey. The chelicerae broke the body wall and the gnatho-

soma was inserted into the prey up to the anterior end of the palpal

coxae. Then the mite tore at the prey rhythmically and alternately

with each chelicera, shredding the internal tissues and drinking the

fluids. (In contrast, Glyptholaspis spp. never pulverized their prey. )

The prey's body fluids filled the palpal coxal angles and ran back to

the angles of coxae I and the circumcapitular suture. The amount of

fluid in the suture was much greater if food was plentiful and the

mites fed successively on two or three prey than if they were only

allowed one prey at a time. Although bits of particular matter may

have been ingested along with the fluid intake, the mites were never

actually observed to ingest tissue.

The prey fluids formed a meniscus or drop on the hypostome of

Parasitus sp. about as far posterior as hypostomal setae I. The

tritosternum was well inserted into this fluid. This made direct
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observation of the tiny lacinial tips difficult, but it appeared that they

would be in a position to engage the arthrodial brushes of the cheli-

cerae when the gnathosoma was retracted. Feeding was always done

with the gnathosoma at an angle to the body, never parallel to the

long axis of the body. The mites seemed to be reluctant to feed

upside down although it did occur. During feeding, the gnathosoma

would retract approximately once every 1. 5 seconds. The tritoster-

num remained in place during this retraction, lying flush with the

deutosternal groove, but the laciniae were not parallel for their

entire length. The distal extremities were spread and followed the

lateral margins of the deutosternal groove. They were never

observed to leave this position during feeding.

Tritosternectomized Mites

Glyptholaspis americana. The basic feeding approach of

tritosternectomized mites was the same as in normal mites (page 60).

The eggs were approached, grasped and broken in the same manner,

with the gnathosoma inserted in egg fluid up to the level of the

corniculi. However, there was one major difference. The fluid in

the circumcapitular suture did not disappear as quickly as in normal

mites, sometimes remaining for as long as thirty minutes after the

mite had finished feeding. The droplet also frequently ran down the

ventral surface of the mite or into the coxal angles formed by the
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coxae and the venter. Occasionally, the volume of the fluid increased

to such an extent that the tritosternal base was engulfed. Usually,

however, the fluid ran down the venter before this happened. The

gnathosoma of tritosternectomized G. americana usually was

engulfed in fluid when the egg burst prematurely.

The frothy material found on the hypostomal fringe of normal

mites also was found on tritosternectomized mites but not in any

larger amounts. The mites eliminated this material, or at least

part of it, by extending the chelicerae, picking up the froth on the way

forward. The tip of the movable digit was touched to the floor of the

arena where the froth was deposited.

Immediately following feeding the mite went into intensive

grooming activity with legs II, III, and IV grooming each other, legs

II grooming legs I, legs I grooming the palps and the palps grooming

the chelicerae.

Parasitus sp. deutonymphs. Tritosternectomized Parasitus

sp. deutonymphs fed in much the same manner as their normal

counterparts. Searching, prey finding and attacking techniques

were identical. While eating, the fluid from the prey formed a

meniscus on the anterior hypostome and collected in the circum-

capitular suture as with normal mites. However, there did not

appear to be much control over the droplet in the circumcapitular

suture. On most occasions it grew in size until it totally engulfed
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the tritosternal base and then broke, running down the coxal angles

of the legs. Then the droplet grew and broke again. At the conclu-

sion of feeding, the droplet persisted for as long as 20-30 minutes

while that on the tip of the hypostome disappeared immediately as

the prey's remains were discarded. In removing the droplet from the

circumcapitular suture the mite bent its gnathosoma ventrally almost

at a right angle to the body, forcing the fluid to run down the venter

and coxal angles. This kind of droplet growth and dissipation never

was observed in normal mites.

Predation

The predation experiment was conducted to study the differences

in feeding rates between normal and tritosternectomized mites. The

results of this experiment are shown in Tables 2 and _3 and Figures

19 and 20. As mentioned earlier the normal test mites were sub-

jected to the entire experimental and operational procedure, with the

exception of the actual tritosternectomy. Results are significant.

The null hypothesis is rejected at the .05 level in Parasitus and barely

not rejected in G. confqsa, where the test data are sums of eggs

eaten over the ten day period for the ten mites in each group.
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Table 2. Predation on house
Q confusa (see

fly eggs by (a) normal and ( b) tritosternectomized adult female
also Figure 23).

(a)
Specimen
Number

Day

Total Rank1 2 3 4 5 6 7 8 10

1 0 4 0 0 1 1 1 0 0 2 9 1

2 5 0 0 0 1 4 0 1 1 1 13 3

3 11 0 1 1 0 1 1 0 0 2 17 7.5

4 7 1 1 0 0 1 0 0 0 0 10 2

5 8 0 3 1 0 0 2 1 1 3 19 10

6 6 2 2 0 4 2 1 1 1 1 20 11

7 7 2 0 2 0 3 0 0 1 0 15 5.5

8 12 5 4 0 1 0 3 0 0 4 29 16

9 7 5 10 2 2 1 0 0 0 0 28 14.5

10 10 3 4 0 1 0 0 3 3 0 24 13

average predation/
day 7.3 2.2 2.5 0.6 1.0 1.3 0.8 0.6 0.7 1.3 T = 83.5

(b) Day
Specimen
Number 1 2 3 4 5 6 7 8 9 10 Total Rank

1 3 11 0 0 0 0 0 0 1 0 15 5.5

2 10 6 7 10 4 4 5 0 2 2 50 20

3 0 11 3 0 2 1 1 0 3 1 22 12

4 2 1 4 0 4 3 1 0 0 2 17 7.5

5 0 3 0 2 0 3 5 0 1 0 14 4

6 13 0 4 2 1 1 2 2 1 2 28 14.5

7 0 3 8 3 1 3 4 5 3 1 31 17

8 5 6 10 4 6 3 2 3 1 8 48 19

9 10 3 9 4 3 4 3 0 1 5 42 18

10 3 4 2 0 0 0 4 1 0 4 18 9

average predation/
day 4.6 4.8 4.7 2.5 2.1 2.2 2.7 1.1 1.3 2.5 T = 126.5

A T-test (t = 2.067) of differences between the means was not significant at the . 05 level, but
was significant at the 0.1 level.
Wilcoxon Rank Sum critical value of T at .05 level = 78. Smaller values cause rejection
of the null hypothesis.
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Table 3. Predation on house fly larvae by (a) normal and (b) tritosternectomized Parasitus
sp. deutonymphs (see also Figure 24).

(a)
Specimen
Number

Day

Total Rank1 2 3 4 5 6 7 8 9 10

1 9 4 4 3 3 3 5 2 2 4 39 9

2 10 4 3 3 1 5 2 2 0 3 33 S.5

3 8 2 3 4 3 2 2 0 1 1 26 1

4 13 6 4 3 1 1 2 1 2 4 37 7

5 9 3 3 2 2 3 3 3 3 0 31 2

6 10 7 5 4 2 4 S 5 3 4 49 11

7 9 4 5 3 3 1 2 2 2 2 33 5.5

8 10 4 3 3 4 1 3 0 4 0 32 3.S

9 11 2 2 3 5 3 1 1 4 0 32 3.5

10 14 15 12 9 7 4 2 1 0 dead 64 IS

Average predation/
day 10.3 5.1 4.2 3.7 3.1 2.7 2.7 1.7 2 .1 1.8 T . 63.0

(b) Day
Specimen
Number 1 2 3 4 S 6 7 8 9 10 Total Rank

1 7 6 2 5 3 2 4 3 1 3 38 8

2 11 9 6 2 6 4 3 7 5 S 58 13.5

3 18 16 16 9 7 5 4 2 1 2 80 20

4 16 4 3 7 4 6 5 4 5 4 58 13.5

5 15 14 8 5 5 S 6 4 4 3 69 18.5

6 19 11 8 7 5 4 5 5 2 3 69 18.5

7 16 7 6 2 2 2 2 3 2 2 43 10

8 8 13 8 7 5 6 5 6 4 5 67 16.5

9 17 7 5 7 5 4 3 2 3 3 56 12

10 15 16 6 5 3 6 6 4 2 4 67 16.5

Average predation/
day 14.2 10.2 6.8 S. 9 4.5 4.4 4.3 4.0 2.9 3.4 T = 147.0

A T-test (t = 4.287) of differences between the means was significant at the . 05 level.
Wilcoxon Rank Sum critical value of T at .05 level = 78. Smaller values cause rejection
of the null hypothesis.
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Ancillary

Grooming

One of the more frequently observed activities was grooming

of the gnathosoma and mouthparts. The grooming procedures pre-

70

sented below are based on observations of restrained (glued down)

and unrestrained normal G. confusa.

The medioventral seta of each palpal trochanter (Figure 21)

scrapes the dorsolateral surfaces of the cheliceral shaft as the

shafts retract, except for the distal portion. The palpal tarsi are

used to groom this part of the chelicera, especially from the base

of the fixed digit forward, and also clean the ventrolateral aspects of

the chelicerae. The epistome (Figure 21) is flexible and grooms the

mediodorsal and dorsal parts of the cheliceral shafts as they retract.

The labrum (Figure 21) lies just above the epipharynx. When

the chelicerae retract, the labrum moves up between the cheliceral

shafts, scraping dirt and debris off their medioventral surfaces, and

keeping dirt from accumulating inside the gnathosoma between the

chelicerae. Since the cheliceral brush is on the medioventral aspect

of the movable digit of the chelicera, it is cleaned, at least in part,

by the comb-like edges of the labrum. As the chelicerae extend,

the labrum lowers to flat position and the cheliceral brushes remove
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Figure 21. Reconstructed sagittal view of the gnathosoma of G. americana.
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this dirt from the labrum. As the chelicerae return, the hypostomal

fringe removes this accumulated dirt from the cheliceral brush and

the movable digit. This produces the "frothy material" noted on the

hypostomal fringe (page 61).

Particles sprinkled on the deutosternum of restrained mites

lodged on the hypostome, deutosternum and tritosternum itself. The

particles on the tritosternum usually rolled off to one side when

movements began. The gnathosoma was retracted while the trito-

sternum remained in position, lying flush with the deutosternal

groove. The retraction caught particles in the tritosternal lacinae

and, as the gnathosoma moved forward, the particles were caught

by the deutosternal teeth and carried forward with the gnathosoma.

Gnathosomal retraction again caught particles in the laciniae where

the deutosternal teeth could carry them away with the next forward

movement. In this manner the particles were swept forward from

the deutosternal groove to the hypostomal tip.

The tritosternum is capable of some lateral movement and was

occasionally moved to one side or the other of the deutosternal

groove. Particles on the deutosternum were caught in the pili of the

laciniae or between the laciniae. The tritosternum returned to its

position in the deutosternal groove and the particles were swept

forward as described before. When the particles reached the most

anterior part of the hypostomal fringe, the cheliceral brushes picked
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them up and removed them. The particles were removed from the

chelicerae by the palps or legs I. In arenas where the mites were

able to move about freely, hypostomal debris usually was deposited

directly on the substrate by the chelicerae. The process of picking

up a particle with the tritosternum, retracting the gnathosoma and

sweeping the particles forward, was repeated until the hypostome

and deutosternal groove were clean.

Since the movement of the tritosternum is limited, particles

on the ,posterior part of the gnathosoma could not be reached by the

tritosternum. These particles were kicked off by legs I or II.

In one instance, a particularly difficult particle was lodged

against hypostomal seta II. The mite tried a number of times to dis-

lodge the particle in the normal fashion above, without success.

Then the triosternal laciniae crossed each other, with the pili inter-

locking, and pushed against the particle. After it was dislodged, it

was moved forward as the others.

Parasitus deutonymphs were restrained, (since their rate of

activity made them difficult to observe otherwise) and observed in

the same manner, with similar results.

Tritosternectornized mites were unable to move these particles

any further forward than where the tip of the tritosternal remnant

could reach.

Examination of all tritosternectomized specimens revealed
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debris accumulated around the cornicular bases, on the hypostomal

fringe, around the hypostomal setae and in the deutosternal groove

to a level that corresponded with the most anterior position of the

tritosternal remnant (Plate 14).

Thermoreception

G. americana generally showed an immediate tendency to go

toward the cold end of the temperature tube. However, they stopped

short of the ice and ran around the tube at a distance of 1/ 4-1/ 2 inch

(. 7 1. 25 cm) from it. It was at this distance that the temperature

change was greatest and the mites showed a decided preference for

this zone. Few ventured into the "cold zone" and those that did

usually backed out immediately. The exceptions were generally mites

with injuries which affected locomotion, such as those having one or

two tarsal ambulacra missing, or mites damaged during surgery so

that locomotory functions were abnormal. These would crawl onto

the sides or top of the tube, lose their grip, and fall into the "cold

zone". All movement ceased within seconds and the immobile mite

remained there until removal or termination of the test.

I thought that lack of air movement in the tube might inhibit

the G. americana activities, so the corks were removed from the

ends of the tube. I found that cold and heat are very effective bar-

riers to movement in this species. The mites still would not
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Plate 14. Deutosternal groove of (a) normal and (b)
tritosternectomized deutonymphs of Parasitus
sp. The tritosternal remnant (in b) cannot
reach the entire length of the deutosternal
groove and debris accumulates anteriorly.
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venture into the "cold zone" or into the heated end of the tube, still

preferring to remain 1/4-1/2 inch (. 7 1. 25 cm) from the, ice.

Parasitus deutonymphs at first exhibited a preference for the

warm end of the tube. This may have been a tendency to run back

toward the end into which they were introduced or a positive photo-

tropism to the desk lamp, Other tests did not show a positive photo--

taxis but rather showed a negative one, at least to strong light.

After the tube warmed a little, the mites began exploring the entire

length of the tube except for the part in contact with the ice. When

they reached the iced area they slowed down considerably and walked

around the boundaries of the zone. After about three minutes of

circumventing the cold zone, they expanded their explorations, which

included going part way into the cold area. The activity level of

Parasitus is considerably higher than the macrochelid levels and may

account, in part, for their ability to penetrate the cold zone and still

move while exposed to the same temperature that stopped G. ameri-

cana. However, the cold did slow their movements and none of the

parasitids walked completely through the iced zone to the open end

of the tube.

Tritosternectomy did not affect behavior in response to temper-

ature in either of the species tested,



77

Hygroreception

In responding to the hygroreceptor test, G. americana and G.

confusa, normal and tritosternectomized, performed in precisely

the same manner. They all were able to follow accurately the edge

of the wet spot in the dish. They wandered along the edge of the spot,

apparently following the boundary with tarsi I. When the outer tarsus

I encountered the dry part of the filter paper, there was an immediate

reversal or turning of direction to put the mite once again within the

wet area. Mites did not leave the wet spot until the margins of the

area were very diffuse and the spot itself was almost dried out.

Then they wandered more readily over the dish.

Parasitus deutonymphs were not attracted by the wet spot and

moved away from it immediately after being placed on it. Mites

would occasionally return to the wet area but usually crossed over it

on their way to the opposite side of the dish. Most of their time was

spent walking rapidly around the vertical perimeter of the petri dish.

Tritosternectomy did not affect the humidity responses of any of the

three species.

Hydroreception

Parasitus deutonymphs, G. americana and G. confusa were

individually studied for effects of desiccation. After placing the mites
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on a sandwich slide and observing them under a microscope it was

noticed that, after a few minutes, their activity changed from general

wandering around the arena to obsessive poking of legs. I, the palps

and chelicerae into a depression or crack in the arena, or into a

space between the arena and cover slip. The mites would then speed

up their rate of circling on the walls of the arena.

Lethal desiccation was observed in situations where the mites

became so dehydrated that they could not right themselves after

falling. Some of the mites in a moribund dehydrated state were

placed in water for 3-4 minutes to see if they would survive. They

would absorb water, as evidenced by a swollen body, resume what

appeared to be normal activity, and die in one or two days. Others

did not recover at all, even with the water immersion.

The activity around the water at the tip of the pipette was

varied. The mites walked over the droplet, ignored it, stuck their

tarsi in it, touched it with their palps and left it, but never inserted

the tritosternum into it or drank it. Most of their time still was

spent wandering around the arena walls and probing, with palps and

legs I, the space surrounding the micropipette.

Withdrawing the micropipette slightly and filling the notch

in the rubber washer had no effect on the mites except that they

walked through the water more often. Neither the normal nor the
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tritosternectomized mites were observed to drink the water, and

none was particularly attracted to it.
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DISCUSSION AND CONCLUSIONS

If the tritosternum is to function effectively in any capacity,

it must be capable of movement. While the tritosternal laciniae do

not possess any nerves or muscles, the tritosternal base does have

two bands of muscle (Figure l I and Plate 3) and nerves (Plate 6).

These muscles produce motion by contraction, either individually

or simultaneously. Contracting one at a time produces motion in a

horizontal plane. Simultaneous contraction serves to raise the

tritosternum against the deutosternal groove. There is no trito-

sternal musculature which lowers the tritosternum from the deuto-

sternal groove. This can be accomplished only by relaxing the

tritosternal muscles and by using dorso-ventral muscles attached

to the sternal shield, which pull the cuticle to which the tritosternum

is attached. Therefore, the movement of the tritosternum is limited,

occurring primarily in a horizontal plane in close proximity to the

deutosternal groove.

Likewise, if it is to function in any active capacity, its external

structure would have to permit or enhance the activity. The pilose

laciniae make excellent brushes and the ventral convex surface

(Plate 8) provides strength. The flat dorsal surface (Plate 8) allows

the tritosternum to lie flush with the deutosternal groove providing

an opportunity for the pili to brush out or groom the groove when the
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gnathosoma is partially withdrawn into the idiosoma. When placed

over the lateral margins of the deutosternal groove, this flat surface

also completes a capillary system for fluid transport (see Fluid

Transport, p. 56).

The deutosternal teeth, which usually appear to lie flat in the

deutosternal groove in microslide mounts, may be oriented perpen-

dicular to the floor of the deutosternal groove (Plate 9). This indi-

cates that the teeth are situated on a flexible membrane and may be

under some control by the mite. Erect deutosternal teeth would

clean the tritosternum by catching debris as the gnathosoma moves

forward, and scraping the debris anteriorly from the pili of the

tritosternal laciniae. This could best be accomplished if the surface

of the tritosternum lying directly over the deutosternal teeth were

flat, as is the dorsal aspect of the tritosternum illustrated in Plate

8. The teeth could then comb the laciniae and their pili since most

of the latter originate on the lateral margins of the laciniae. The

ability of the mite to keep the deutosternum clean was first noted

through observation of the deutosternum and sternal shield of mites

housed in zipper vials with charcoal-plaster substrates. These mites

had charcoal and other debris lodged on the sternal shield but the

deutosternum, deutosternal groove and hypostome were clean. If

the legs (the only other appendages that could reach the deutosternum)

were serving to clean the deutosternum, then a tritosternectomy
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should have made no difference in deutosternal grooming. An

examination of the deutosternal area of tritosternectomized specimens

(grooming study, p. 70) showed a substantial accumulation of debris

on the deutosternum and hypostome indicating that it was not the

legs but the tritosternum that was grooming the deutosternal area,

working in conjunction with the deutosternal teeth.

The predation study (p. 66) showed significant differences

between predation rates of normal and tritosternectomized mites but

raised some interesting questions. For instance, in the Parasitus

sp. data (Table 3 and Figure 20) there is an initial high predation

rate which then declines. This high rate of predation followed a

three day acclimation period to individual housing with a plentiful

prey supply (20-25 house fly larvae/mite/day). The number of prey

provided/day was not decreased until the predation rate had declined

considerably so the mites were not responding to a decreased prey

supply. It seems more likely that they were responding to a

decreased hunger threshold or a more constant satiation which was a

consequence of a regularly available plentiful food supply. Similar

results have been reported in praying mantis predation studies by

Holling (1966).

There is the possibility that the introduction of a different

prey species may have caused increased predation by Parasitus sp.

as a response to taste or nutritional change. However, I feel this is
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unlikely since a) the mites were cultured successfully on a house

fly larva diet and b) earlier culturing programs had shown no

preferences by the mites for other prey candidates which occurred

at the collection site.

The Glyptholaspis confusa predation data is, perhaps, more

complex but some of the same general comments may apply. G.

confusa also were housed separately for three days with a plentiful

supply (20-25 house fly eggs/mite/day) prior to initiation of the test.

There is more vacillation in this data (see Figure 19) than in the

Parasitus data, but this could be due to a natural cyclical feeding

behavior. Under natural conditions the mites might encounter a

"pocket" of fly eggs in the proper age class (see page 7) and feed

ravenously. After leaving the "pocket" of acceptable eggs they

might wander for a day or two before encountering another acceptable

age class of eggs or before feeding again becomes imperative.

The mite responses which resulted in the crossing of the graph

lines on Day 1 may have been due to removing the test mites from

the culture at different times of the same day. If the mites were on

a basic cyclical feeding pattern, a delay of six hours in selecting a

given group of specimens could make a difference in subsequent

daily feeding patterns between it and other groups. Regardless of

the reason, the general trend in Glyptholaspis ( and Parasitus) is for

the predation rate to decrease with time, with the tritosternectomized
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mites attacking more prey than the normal mites.

Tritosternectomized mites were found to have a higher preda-

tion rate than their normal counterparts. This may have been

induced by liquid deficit caused by loss of body fluids through an

open surgical wound, or by decreased levels of prey utilization due

to a breakdown in the mechanical process of feeding. Possible

liquid deficit problems, through an open wound, had been eliminated

by establishment of the surgical procedures (see Performing a

Tritosternectomy, p. 2.1 ).

Regarding mechanical processes of feeding, observation of

fluid accumulation in the circumcapitular suture (see Feeding, p. 60),

and the fluid transport study (p. 56), showed that prey fluids spilled

ventrally onto the gnathosoma were retrieved by the joint action of

the tritosternum and deutosternal groove. The loss of the trito-

sternum through tritosternectomy resulted in an inordinate loss

of prey fluids and subsequent increased predation. It was also found

that the deutosternal grooves of tritosternectomized mites were

blocked or filled with debris and that transport of fluids along the

deutosternal groove was impossible. The tritosternum of normal

mites serves to free the deutosternal groove of debris accumulations

while the deutosternal teeth groom the tritosternum, thus maintain-

ing the integrity of the fluid transport system.

Assuming the importance of the tritosternum as a fluid
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transporting mechanism in those mesostigmatid mites which have

been examined it is appropriate to consider the tritosterna of other

species, some of which have a highly modified tritosternum, or no

tritosternum at all. Tritosternal reduction or loss generally is

characteristic only of certain parasitic families in the Mesostigmata

(Figure 17), while free-living representatives (Figure 12-15, 17) show

strong tritosternal development. Seven common tritosternal con-

figurations are shown in Figure 16. It is interesting to note that,

of the groups exemplifying the basic configuration, none is an obli-

gate parasite. Similarly, none of the outlying groups contains

facultative parasites. Figures 12-15 and 17 show that the free-

living mites have the most highly developed tritosternum while that

of parasitic mites either is modified or non-existent. The measure-

ments in Table 1 show that the tritosternal length is two-thirds of,

or equal to, the length of the deutosternal groove. It also is equal

to or longer than the distance from the gnathosomal base to hypo-

stomal setae III, the posterior limit of the occasional feeding droplet

on the tip of the hypostome.

These figures and measurements support the theory of trito-

sternal function being associated with feeding and with keeping the

deutosternal groove clean. For instance, if the tritosternum is

used in feeding and to clean the deutosternal groove, it should be

able to reach the entire length of the groove. Similarly, since the
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deutosternal teeth engage the tritosternal laciniae and keep them

clean, the anteriormost deutosternal teeth should be well within reach

of the lacinial tips. This is easily accomplished in those species

which have a tritosternum as long as or longer than the groove.

Those which have a shorter tritosternum may still reach the length

of the deutosternal groove by "telescoping" of the gnathosoma which

brings the entire groove into contact with the tritosternum.

Major exceptions to these conditions occur in some of the

obligatory parasitic families (Entonyssidae, Halarachnidae,

Spinturnicidae, and Spelaeorhynchidae). However, the lack of

effective fluid retrieval and cleaning mechanisms in these families

is explained by their feeding habits.

The Entonyssidae and Halarachnidae are obligatory parasites

in the respiratory tracts of reptiles and mammals (seals and

walruses) respectively. They spend almost their entire life inside

the host feeding on liquid exudates, mucus or blood, and are in con-

stant contact with a moist substrate. Food and water are in per-

manent supply so that fluid retrieval is not a problem. Since the

substrate is constantly wet there is no accumulation of dried particles

ventral to the gnathosoma. The value of the tritosternum as a

cleaning mechanism, therefore, would be negligible. Under such

circumstances, the tritosternum might well eventually be modified

or lost through natural selection. The deutosternal groove also
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would be lost or modified since its function in cleaning and food

conservation would relate directly to the tritosternum. The lack

of a deutosternal groove in both families, the lack of a tritosternum

in the Halarachnidae and the small modified tritosternum of the

Entonyssidae (Figure 15) tend to support this view.

The Spinturnicidae are obligatory external haematophagous

parasites on bats and usually leave their host only when transferring

to another bat in the roost. Consequently, their food source is

always available. Their non-chelate chelicerae are adapted for

piercing and rasping (Rudnick, 1960). Since feeding probably is

done from a very small wound, spillage is at a minimum. Utiliza-

tion of a virtually inexhaustible food supply by spinturnicids means

that conservation of food through retrieval would not be a problem

in any case, nor would accumulation of debris on the deutosternum

and subsequent cleaning be a major consideration. Thus, adaptation

to an obligately parasitic mode of life would obviate the necessity

for the tritosternum, deutosternal groove and deutosternal teeth,

all of which would tend to be selectively lost. The fact that most

spinturnicids possess a vestige of a tritosternal sclerite and do not

have a deutosternal groove supports the theory of structural loss

through selective pressure.

Like the Spinturnicidae, the Spelaeorhynchidae are obligatory

external bat parasites but, unlike the spinturnicids, have strongly
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chelate-dentate chelicerae. The chelicerae and mouth parts are

situated in a well developed anterior camerostome formed by the

gnathosomal base. The chelicerae are easily withdrawn into the

camerostome and, although well adapted for tearing or macerating,

are used as anchors to permanently affix the mite to a site on the

host. Fain et al. (1967) note that all of the specimens they collected

were so strongly attached to the host by means of the chelicerae that

the mouth and anterior region of the idiosoma were sunk into the

tissues, and it was generally necessary to cut the tissues around the

mites in order to remove them. With the chelicerae acting as hold-

fasts (but probably still breaking the skin) feeding is accomplished

by sucking fluids (blood or lymph), a situation approaching that of

the spinturnicids, halarachnids and entonyssids. With the mite's

idiosoma embedded in the tissue there would be an abundant supply

of food so that food conservation problems would be at a minimum.

The swollen tissues probably would prevent excessive spillage, and

accumulation of dried blood or other debris on the deutosternum

would be avoided. Thus the tritosternum and deutosternal teeth

would be subject to reduction, modification or loss since they would

not be needed for cleaning or food conservation. Figure 18 shows

that the deutosternal teeth are non-existent in Spelaeorhynchus

although a simple tritosternum is present. The usefulness of, this

structure as a cleaning mechanism may be limited due to the
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proximity of its base to the gnathosoma (Figure 18), the structure

of the gnathosoma itself, and the resulting inability of the gnathosoma

to telescope into the idiosoma.

The following factors are felt to be conclusive in establishing

that the tritosternum is a fluid conserving and conveying device

during the feeding process, and a grooming device for the deuto-

sternal groove:

1) It is present in both sexes.

2) It is more highly developed in feeding stages than in non-

feeding stages of the same species (Evans and Till, 1965).

3) Its internal structure is such as to permit whatever limited

movement is necessary to perform the function cited above.

4) The tritosternum and its complimentary parts (deutosternal

groove and teeth) are more highly developed in those species

in which food conservation and deutosternal groove cleaning

is critical (free-living predaceous mites).

The tritosternum and its complimentary parts are poorly

developed or lost in those species where food and moisture

conservation and deutosternal groove cleaning are of no

importance (obligate parasites, especially endoparasites).

6) In species where fluid retrieval and transport are critical, the feed-

ing behavior of representative species (Glyptholas pis confusa and

Parasitus sp. ) illustrated the use of the tritosternum in these

functions.
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SUMMARY

Although the generally accepted role of the tritosternum was

its use in feeding, one of the first observations of the tritosternum

in action was in a grooming capacity. As dirt and debris dropped on

the deutosternum the tritosternum was used to brush it off. The use

of the tritosternum as a cleaning mechanism for the deutosternal

groove was observed through the compound microscope and inferred

from surgical evidence.

Scanning electron micrography provided data on the external

structure of the tritosternum showing its dorsal surface capable of

being flat, rather than always round, and also revealed the deuto-

sternal teeth to be flexibly attached to the deutosternal groove. This

makes the deutosternal teeth more effective in cleaning the

tritosternum.

Serial sections revealed the tritosternal laciniae to be hollow

but plugged periodically and not communicating with the tritosternal

base. The tritosternal base possesses two cavities, one hollow and

the other containing muscles and fine nerves. Serial sections of the

deutosternal groove revealed lateral U-shaped grooves on the anterior

half of the deutosternal groove.

The tritosterna of mites of varying habits from different

families were examined and an analysis of tritosternal presence
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provided from a parasite-free-living viewpoint.

Feeding studies revealed an accumulation of prey fluids in the

circumcapitular suture during feeding which, in the normal mites,

quickly disappeared after feeding, but not so quickly in the trito-

sternectomized mites. Further studies using liquid dyes dropped

onto the circumcapitular suture showed the tritosternum to be a

necessary part of the mechanism (which includes the U-tubes of the

deutosternal groove) transporting this fluid forward, thus conserving

food (prey fluids).

Predation studies showed that tritosternectomized mites

attacked more prey than normal mites, which, in conjunction with

the fluid transport and feeding behavior studies, supported the theory

that the tritosternum is used as a food conserving device.

Studies of the sensitivity of normal and tritosternectomized

mites to humidity, temperature, desiccation, water, finding and

drinking showed no evidence that the tritosternum is used in these

capacities.

The conclusions are that the tritosternum serves two functions:

1) as a fluid conserving and conveying device in feeding.

2) as a grooming mechanism to keep the deutosternal groove

clean.
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