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ABSTRACT

By scanning and transmission electron microscopy,
blunt-peg type of sensilla (sensilla basiconica) were
found on the tarsus of the st leg of Macrocheles muscae-
domesticae (Scopoli). The changes in number, size, and
position were determined for each life stage. The num-

ber of blunt pegs in the larva, protonymph, deutonymph,
and adult stages were 6, 7, 8, and 8, respectively. Similar
sensilla were not found on the terminal segment of the
palps.

Marcrocheles muscaedomestica (Scopoli) is a ma-
nure-inhabiting mesostigmatid mite of considerable
interest as a predator on eggs and Ist-stage larvae of
muscoid flies (Axtell 1969 and references therein).
Use of this and other macrochelid species as biologi-
cal control agents has been proposed ( Filipponi 1964).
Integrated fly control programs in caged-poultry
houses (Anderson and Poorbaugh 1964; Axtell 1968,
1970a,b; Peck and Anderson 1969ah, 1970) have
incorporated measures to maximize the abundance
of these and other predaceous manure-inhabiting mites
(as well as parasites).

Its importance as a predator and ease of rearing
(Wade and Rodriguez 1961) have encouraged use
of M. muscaedomesticae in basic investigations as a
representative of free-living mesostigmatid mites
(Coons and Axtell 1971a, b). Particular attention has
been devoted to elucidation of the sensory behavior
in relation to predation and phoresy (Farish and
Axtell 1966, 1971; Jalil and Rodriguez 1970). Based
on amputation and behaviorial experiments, the Ist
tarsi were shown to be involved in the reception of
olfactory stimuli, and receptors of contact stimuli to be
situated on the palps. Therefore, we examined the
distal portion of the Ist tarsi and palps by scanning
and transmission electron microscopy, as well as light
microscopy, in an attempt to locate the sensory recep-
tors in the various developmental stages (larva, pro-
tonymph, deutonymph, and adult).

MATERIALS AND METHODS

IFor light microscopy (phase-contrast), the 1st pair
of legs and palps of all life stages were slide-mounted
in Hoyer’s or PVA medium with and without prior
clearing in 10% KOH. Some specimens were stained
according to the method of Osorno-Mesa et al. (1966).
Drawings were made with the aid of a drawing tube.

Material to be examined with the JSM-2 scanning
electron microscope was prepared in several ways.
Mites were fixed in 25% gluteraldehyde, 80% ethyl
alcohol, or 1009 acetone. The fixative containing glu-
teraldehyde was buffered identical to that used in

1 Acarina: Mesostigmata: Macrochelidae.
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preparing tissue for the transmission electron micro-
scope. After fixing the mites in gluteraldehyde for
12-24 hr at 6°C, the specimens were stored in ice-
cold 0.05 M sodium cacodylate buffer. Mites were
placed on bibulous paper to absorb moisture, then
mounted with double-faced cellophane tape on scan-
ning electron microscope specimen stubs. These were
coated with gold palladium in a vacuum evaporator,
Some live specimens were coated with the same mate-
rial.

For transmission electron microscopy, the tarsal
segment of leg I and the entire palps were severed
from live mites and immediately immersed in ice-cold
fixative consisting of 2.5% gluteraldehyde buffered
with 0.05 M sodium cacodylate (pH 7.2) containing
0.15 M sucrose. The tissue was washed for several
hours in the cacodylate buffer containing sucrose,
and then postfixed in 1% osmium tetroxide in veronal
acetate buffer (pH 7.2) containing 0.30 M sucrose.
After dehydration in a graded series of concentra-
tions of ethyl aleohol and several changes of propylene
oxide, the tissue was infiltrated and embedded in
Epon 812 according to the method of Luft (1961).
All steps in this procedure prior to dehydration in
absolute aleohol were at 2-6°C.

Tissue blocks were sectioned with a diamond knife
using either a Reichert OM U2, or MT-1 Sorvall
“Porter-Blum” ultramicrotome. Sections were picked
up on formvar-coated copper grids and double stained
in saturated uranyl acetate in 50% ethyl alcohol (10
min) and lead citrate (8 min) (Venable and Cogges-
hall 1965). “Drifting” of sections in the electron
beam was prevented by evaporating a thin layer of
carbon on them in a vacuum-evaporating device.
Sections were examined with either a Siemans Elm-
skop IT at 50 kV or a Siemans Elmskop I-A at 80 kV.

RESULTS

First Tarsi—A group of pointed setae and blunt
pegs was found on the end of the lst tarsi of each
stage of the life cvcle. These short blunt pegs have
an external morphology characteristic of the sensilla
basiconica of insects (Slifer 1970). The number, size,
and position of these blunt pegs change during post-
embryonic development. The larval pattern is the
simplest and consists of 6 blunt pegs (Fig. 1). The
pegs are arranged on one side of the end of the 1st
tarsi in 2 areas. A group of 4 pegs is found at the

539



ANNALS OF THE ENTOMOLOGICAL SOCIETY 0F AMERICA

[Vol. 66, ne. 3

Jrr——

Fie, 1-2—Drawing of the setal arrangement on the end of tarsi I of M. muscaedomesticae. Blunt pegs are
shown in outline (and numbered in Fig. 2); other setae are blackened. Line marker equals 10 g 1, Larva; 2,

adult female.

very distal end of tarsi I and proximally, a 2nd
group of 2 pegs.

The protonymph has 7 blunt pegs, while the deuto-
nymph and adult have 8 blunt pegs (Fig. 2). In these
stages the blunt pegs are found in 2 areas at the tip
of tarsi I. In one area (terminal) there are 3 curved
blunt pegs (no. 1-3, Fig. 2) and 3 straight blunt
pegs (no. 4-6, Fig. 2) surrounded by long pointed
setae. The number and external appearance of the
pegs in this area do not change from protonymph to
adult, although their general size increases with in-
crease in size of the specific life cycle stage. The
other area (more proximal and lateral) has 1 curved
blunt peg in the protonymph and 2 (no. 7 & 8, Fig.
2) in the deutonymph and adult.

Scanning electron microscopy of the Ist tarsi of
the adult female mites showed the presence of many
small papillae on the surface of some of the blunt
pegs when the specimens were fixed in 80% ethyl
alcohol or 100% acetone (Fig. 3, 4). In alcohol-fixed
material, papillae had a more uniform appearance
with a conical head and a constricted base. Papillae
were not present on any of the blunt pegs from mate-
rial fixed in gluteraldehyde or on blunt pegs from
unfixed material (Fig. 5). These surface papillae
were artifacts; probably material extruded from the

interior of the pegs through action of the alcohol and
acetone. These artifacts are emphasized because: (1)
they helped in detecting the presence of blunt pegs
and might be profitably used in examinations of other
organisms, and (2) this example illustrates the cau-
tion necessary in describing structures based on scan-
ning electron microscopy.

Two types of innervated setae were found: porous
and nonporous. The porous types had a cuticular wall
with a central cavity (Fig. 6, 7). This cavity was
confluent, in at least some areas, with the many
pores. Perhaps the surface papillae were formed
by extrusion of material through these pores but that
hypothesis was not proved. The central lumen of the
porous setae contained dendrites. The pore diameters
were about 0.013x (Fig. 6), and about 0.026x (Fig.
7). Nonporous setae also had a cuticular wall with a
central cavity. A cuticular sheath and dendrites were
found within the cavity (Fig. 8, 9). It is likely that
these setae have a single opening at or near the tip.

Palp.—No blunt pegs, similar to those on the 1st
tarsi, were found on the palpal tarsi. Postembry-
onic changes of the setae on the palpal tarsi occur.
The most noticeable difference occurs during the 1st
molt between the larva and protonymph. Besides addi-
tion of more long pointed setae, the one small thick
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Fi16. 3.—Scanning electron micrograph of the setae on the end of tarsi 1 of an adult female mite. Many small
papillae appear on the surface of 2 of the curved blunt pegs (arrows). Material was fixed in 80% ethyl alcohol.
Note that the papillae are absent from surrounding setae and from at least one curved peg. X 3500,

F1c. 4—High magnification scanning electron micrograph of the papillae on one of the curved blunt pegs seen
at a lower magnification in Fig. 3. These papillae appear to have a conical head and a constricted base. Material
fixed in 80% ethyl alcohol. 3 60,000.

F16. 5.—Scanning electron micrograph of the setae at the end of tarsi I of an adult female mite. Note the

absence of papillae on the curved blunt pegs (arrows). Unfixed material, killed during coating for scanning
electron microscopy. X 3600,
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seta becomes about 6 times longer in the protonymph
than in the larva, During the remaining postembry-
onic development, the general arrangement of the setae
found in the protonymph is retained. The principal
change is an increase in the size of the life stages
following the 2nd and 3rd molts.

Scanning electron microscope of the end of the
palps confirmed the observations made with the light
niicroscope that blunt pegs were absent from this
region (Fig. 10). Incidental to this study was the ob-
servation that the “tined seta” or “palpal apotele” is
set within a depression. With scanning electron
microscopy, the tines of the palpal apotele appeared
to have pronounced blunt endings, while specimens
viewed with the light microscope appeared to have
pointed tines.

Transmission electron microscopy of the end of the
palps did not show the presence of any porous sensilla
but only a few sections were obtained, Sections
through the palpal apotele failed to show any inner-
vation of this structure. As in other mesostigmatid
mites (Camin et al. 1958), it has a muscle that
inserts at its base, suggesting the capability for move-
ment.

DISCUSSION

Blunt-peg-type sensilla are generally considered to
have an olfactory function (Slifer 1970) although in-
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frared radiation reception has been proposed (Bruce
1971). Their presence on the tip of the 1st tarsi and
absence on the palps correlates with the previous
evidence of an olfactory function for the former and
nonolfactory function for the latter (Farish and Ax-
tell 1966). The porous type of setae found in cross
sections of the Ist tarsi (Fig. 7) probably correspond
to the blunt-tip setae observed by scanning electron
microscopy. In cross-section they resemble closely
the medial (= 4-group) setae proximal to Haller’s
organ in the hard tick Amblyomma americanum (L.)
(Foelix and Axtell 1971, 1972; Axtell et al. 1973).
The different type of porous setae shown in Fig. 6
suggests there are 2 types of blunt pegs. Perhaps
this feature corresponds to the curved and straight
types observed by light microscopy.

The nonporous setae probably correspond to the
long-pointed setae on the tarsus. The presence of a
lumen, dendrites in the shaft, and gross shape sug-
gests sensory function. It is reasonable to assume
that they have a tactile function, but no evidence was
found of a tubular body at the base, which is generally
accepted as evidence of a mechanoreceptor. The pres-
ence of dendrites in the shaft suggests there might be
an opening at or near the tip for reception of contact
stimuli, but such an opening was not demonstrated.

Serial cross sections were not obtained and there-
fore it is not possible to specifically attribute Fig. 6-9

9

F16. 6-7.—Transmission electron micrographs of 2 porous pegs on the end of tarsi I of an adult female mite.
The porous openings (p) and the dendrites (d) are identified. X 30,000.

F1c. 8-9—Transmission electron micrographs of 2 nonporous pegs on the end of tarsi I of an adult female mite,
Dendrites (d), and what is probably a cuticular sheath (arrows) are identified. X 30,000,
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Fie. 10.—Scanning electron micrograph of the palpal tarsus of an adult female mite. Note the absence of blunt
pegs or papillae. The tined setae (palpal apotele) (ts) is identified, Material fixed in alcohol. % 2500.

to any particular setae. Although the foregoing
speculation seems reasonable, further investigation is
necessary to fully elucidate the setal tvpes.

These findings on the tarsal setae support the pre-
liminary results reported by Slifer (1970) and Jalil
and Rodriguez (1970). The latter painted the setae at
the tip of the Ist tarsus and demonstrated interfer-
ence with olfactory perception. They distinguished
between “apical” and “lateral” setae and concluded
that the odor perception was due to the long apical
setae and not to the lateral setae. The apical group
obviously included both the blunt pegs and the long
pointed setae and not just a single type of sensillum.
On the basis of morphology, most likely the covering
of the blunt pegs was the important factor in the in-
terruption of olfactory perception. To paint only
those sensilla would be impossible, because of the
small size and closeness of other setae. FEven to
selectively paint only apical or lateral setae is a very
difficult task.

Particular note should be made of the change in
setal number and arrangement after the larval stage.
The larval pattern changes to the “adult” pattern
during the 1st molt, and then it changes only slightly
by addition of 1 more peg during the next 2 molts.
The larval stage is believed to be nonfeeding, and
therefore the establishment of the adult pattern of
setae on tarsi I coincides with the initiation of the
feeding stages.

The lack of success in finding blunt pegs on the

palps correlates with the evidence that the palps are
not involved in olfactory perception. The behavioral
evidence for contact reception by the palps (Farish
and Axtell 1966) suggests that more investigation is
needed. Some of the setae should be innervated and
have some type of terminal or subterminal pore, but
we failed to obtain any such evidence. The lack of
innervation of the palpal apotele confirms the gen-
erally accepted view that this structure is nonsensory
and is derived from an ancestral claw.
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