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ABSTRACT
The morphology and anatomy of Demodex folliculorum adults, and of selected members of the genus
Demodex Owen, are detailed to the cellular and cell product level. Functional attributes of each anatomical system are discussed as ascertained from preserved and living material.
Anatomical details for eggs, larvae, protonymphs, and nymphs are presented under each system
(as for above) category. These structures are discussed, also, for functional properties.
An extended synopsis is appended to provide an overview of structural, functional and developmental features of D . follicitlorum which should serve as analogues for other members of this genus.
RÉSUMÉ
La morphologie et l'anatomie des adultes de Demodex folliculorum et d'autres espèces choisies du
genre Demodex Owen sont étudiées sur le plan de la cellule et de ses productions. Les caractéristiques
fonctionnelles de chaque système anatomique sont décrites et vérifiées sur du matériel fixé ou vivant.
Des détails anatomiques de l'œuf, la larve, la protonymphe et la nymphe sont présentés pour chacun
des systèmes étudiés chez l'adulte. Ces structures sont également discutées sur le plan de leurs propriétés
fonctionnelles .
Un schéma d'ensemble est donné pour permettre une vue générale des caractéristiques des structures, des fonctions et du développement, pouvant servir comme modèle aux autres membres de ce
genre.
INTRODUCTION
More than 130 years have passed since the discovery of "Demodex folliculorum ", the generic
basis (OWEN, 1843) for the family Demodicidae (NrcoLET, 1855). With a few exceptions SPICKETT, 1961 ; NüRN, 1970), only scattered, and often erroneous, observations have been made
on the biology of the hair follicle mites of man. Although external features have been extensively
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explored (HIRST, I9I9; SPICKETT, Ig6I ; NoRN, Ig70), it can now be shown that the "D. folliculorum" of these reports is readily separable for all life stages into two species D. follicitlorum
(Simon) and D. brevis Akbulatova (DESCH and NuTTING, Ig72). Obviously this situation has
introduced remarkable discrepancies in the descriptions of not only external features, but, also,
in the very incomplete accounts (LOMBARDINI, Ig42; NüRN, Ig70) of the internal anatomy of
Demodex folliculorum.
External features have been more carefully recounted for the other demodicids (Demodex
canis , D. caprae, D. antechini, D. longissùnus - see Table I) used for comparative studies in this
report. Even here structures of little importance taxonomically have perforce been ignored
whereas those of taxonomie significance are often incompletely described. Internal structures
are incompletely reported (LoMBARDINI, Ig42, D. phylloides; BAKER, Ig69, D. canis) and only
in adult mites. A rather "sketchy" account of development has been presented by SAKO and
YAMANE, Ig62 for D. canis.
The present paper, after a brief review of the taxonomie validity of the species involved,
will concentrate on the morphology and anatomy of Demodex folliculoritm. Each category of
concern will also cover immature stages, comparisons between D. folliciûoru11i and selected demodicids, and consideration of the relationships between structures and their fonctions. A short
discussion will follow each category. A brief synopsis will serve as a summary of the major
details of the development and operation of the external and internal features of D . folliculorum.

lVIATERIALS AND METHODS
External 1\11orphology
Living Demodex folliculo ritm and D. brevis of man were obtained by expression of skin of
the nose, forehead or naso-labial folds of the face. A few D. folliculoritm were collected from
epilated eyelashes or the wax and debris of the external auditory canal. Demodectic lesions
(D . caprae) on goats (Capra hircus) were lanced and their contents squeezed into a vial for subsequent study. Demodex canis were taken by deep skin scrapings of the infested areas of the
dog (Canis familiaris). Demodex antechini were removed from benign tumors of preserved skins
of a marsupial mouse (Antechinus stuartii) . Demodex longissimits were expressed from Meibomian
glands of freshly captured leaf nosed fruit bats, Carollia perspicillata (by F. LuKOSCHus). Most
of these specimens were mounted in Hoyer's medium (BAKER and WHARTON, Ig52) and studied
under light and phase contrast microscopy.
Internal Morphology
Demodicids were studied from necropsy specimens of man, dog, goat, fruit bat and marsupial
mouse. Tissues were fixed in Bouin's or formalin, embedded in paraffin or paraffin-piccolyte
(CLONEY, I96I), and were sectioned at 4, 8, IO or 20 µm. Sections were stained with Harris',
Ehrlich's or Heidenhain's hematoxylin and eosin Y, Mallory's trichrome or with Wilder's silver
impregnation method.
Demodex folliculorum were removed from expressed sebaceous material with the aid of a
fine glass needle and transferred to a drop of cold Karnovsky's fixative (KARNOVSKY, Ig65) with
or without I % acrolein in O.I lVI s-collidine or Na-cacodylate buffer (pH 7.2). The gnathosoma
or end of the opisthosoma was excised or eut longitudinally with a very fine scalpel blade to
facilitate penetration of the fixative. A small water soaked wad of cotton was placed near the
drop of fixative and both were cpvered with a small petri dish lid to prevent excess evaporation

-424while the mites were fixed ato 0 -4°C for 2-4 hours. Mites were washed in the cold (4° C) with
two changes of s-collidine or Na-cacodylate buffer for a total of 8-r2 hours and post-fixed in cold
r.33 % Os0 4 in 0.067 M s-collidine or phosphate buffer (pH 7.2) for r hour. Mites were rapidly
dehydrated in a graded series of ethanols and embedded in a low viscosity plastic resin (SPURR,
1969).
For light microscopy, 0.5-r.o µ.m sections were eut with glass knives and stained with a
mixture of Azure II-Methylene blue (RICHARDSON, et al., 1960). Sorne sections were subsequently
stained with saffranin 0 (MusY, et al., 1970).
For transmission electron microscopy, gray to gold sections were eut with a diamond knife
and picked up on uncoated, 300 mesh copper grids. Sections were stained with saturated uranyl
acetate in 50 % ethanol (20 minutes) and Sato's lead (SATO, 1968) (6-ro minutes), and examined
with a RCA Emu-3 E electron microscope.

T AXONOMIC NOTES
Demodex spp. studied in this report are recorded in Table I, which also includes a citation
for each in which the most complete taxonomie description may be found. All of these species
are obligate parasites in all stages of the life cycle, host species specific, and readily separable
on the basis of morphologically acceptable taxonomie criteria (NUTTING, r968 and references in
Table I). Criteria for discrimination of the genus Demodex may be found in DESCH, et al., (197r)
and for the family, Demodicidae, with the currently accepted taxonomie position in the Cohort
Eleutherogonina of the Suborder Prostigmata (KRANTZ, 1970).

TABLE I. - Species of haïr follicle mites (Demodex spp.) included in this report, with mammalian hosts,
and .authorities for taxonomie descriptions.
Species

D.
D.
D.
D.
D.
D.

Host

Reference

f ollic·uloritin

H 01110 sapiens

brevis
canis
caprae
antechini
longissimus

H 01110 sapiens

Canis familiaris
Capra hircits
A ntechinits stuartii
Carollia perspicillata

DESCH and NuTTING, r972
DESCH and NuTTING, 1972
NUTTING and DESCH (in press.)
LEBEL and NuTTING, 1973
NuTTING and SwEATMAN, 1970
DESCH et al., 1972

MoRPHOLOGY
A. Exoskeleton

As in other arthropods, the exoskeleton is a sequentially layered deposition product of the
epidermis. In living Demodex foUiculoritm this exoskeleton is colorless and transparent. The
thickness varies from 0.5 µ.m in the opisthosoma to 2.0 µ.m in the dorsum of the podosoma. In
plastic sections the general body cuticle colors deeply with Richardson's stain, especially the
outer surface. However, in regions where numbers of muscles attach, the stained cuticle, except
for the surface film, is replaced by a relatively thick, non-staining cuticular layer (e.g., the capsule
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of the gnathosoma, the anterior one-third of the dorsum of the podosoma, the apodemes along
the midventrum of the leg segments). In paraffin sections these thickened portions take up acid
dyes. In addition, the claws, palpal spines and supracoxal spines exhibit similar but fainter
staining properties. These areas, therefore, represent exoskeletal structures predominantly
composed of exocuticle. The remaining areas probably represent those portions of the body
exoskeleton composed primarily of endocuticle. Electron micrographes of longitudinal sections
through the opisthosoma show that the cuticle is composed of three distinct zones (Fig. l). The
epicuticle appears as a dense thin area which is subtended by an electron lucent band, the exocuticle. Both these layers together comprise about one-eighth the thickness of the exoskeleton.
The major component of the exoskeleton, the endocuticle, lies between the exocuticle and the
epidermis. It is composed of two thick layers of fibrilar material lying at right angles to each
other. The fibrils in the outer band are circular; the inner ones run longitudinally. A third
layer underlies the longitudinal layer. In this the fibrilar structure is less pronounced. The
two basal-most layers of the endocuticle are of nearly constant thickness over the opisthosoma of
the mite. The annulated nature of the opisthosoma is due, in large part, to variation in thickness
of the outer fibrilar layer of the endocuticle.
The epidermis is a single layer of thin (0.5 to r.o µm), flattened cells, lying closely apposed
to the exoskeleton.
Larval, protonymphal and nymphal exoskeletons are essentially similar although thinner.
STROMBERG and NUTTING (1972) have shown that the exoskeletons of adult and immature mites
(D. caprae) contain chitin.
DISCUSSION

In electron micrographs of Demodex folliculoritni, ENGLISH, et al. (1970) noted that the
exoskeleton of the podosoma is composed of two layers totaling about 0.5 µmin thickness. Their
electron micrographs clearly show, however, the dense epicuticle and electron lucent exocuticle
(their zone a) and the trilaminar endocuticle (their zone b). BAKER (1969) simply describes
the exoskeleton of D. canis as" homogeneous in structure, smooth both internally and externally. "
Exoskeleton structure similar to that described above in D. folliculorum has been observed in
Tetranyclius telariits (HENNEBERRY, et al., 1965), Aceriae titlipae (WHITMOYER, et al., 1972) and
Panonychits citri (CROWE, 1975). Cuticular extensions in T. telariits and P . citri, as in D. folliculorum, are formed primarily by variation of the thickness of the endocuticle. Pore canals
were not observed in the exoskeleton of any of the above mites. These canals have been reported
in a prostigmatid mite of the family Tydeidae (BRODY, 1969).
In the mesostigmatid mites, Laelaps ecliidnina (WHARTON, et al., 1968) and Parasitus sp.
(BRODY, 1969) and in a cryptostigmatid mite, Oppia sp. (BRODY, 1969), the exocuticle, as well
as the endocuticle, possesses a laminated structure. The exoskeleton of the astigmatid mite,
Dermatopliagoides jarinae, is similar to that of Demodex folliculorum, but the endocuticle is nonlaminated and more electron lucent than the exocuticle (BRODY and WHARTON, 1970).
B. Gnatliosoma
Each palp is composed of three segments : a large coxa (discussed below) and two smaller,
free segments. The proximal and distal free segments are termed segments l and 2, respectively
(Figs. l, 2, 3). Segment 2 bears 5 minute spines or setae. The coxal endites (HUGHES, 1959)
extend anteriorly between the free segments of the palps. Each terminates in a shorter, fingerlike process which projects beyond the anterior tip of the stylophore. Dorsally these projections
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are separated by a l-2 µm gap; ventrally they are closely apposed (Figs. l, 2). The ventral
surface of the endites, the hypostome, is flattened and the preoral opening of the food canal
appears as a slit between the endites approximately 8-10 µm long and l µm wide (Fig. l). In
transverse section, the endites forma truncate triangular structure with the hypostomal portion
as the base. The preoral opening of the food canal is seen as a groove in the center of the hypostome (Figs 4a, b, c). Sclerotic material of the ventral (hypostomal) and dorsal aspects of the
endites is acidophilic. Behind the preoral opening, the food canal appears as a narrow tube
and the lateral walls of the endites fuse with the medial walls of the palpa! coxae (Fig. 4 e, f)
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FIGs. 1-3 : Gnathosoma of Demodex folliculorum r) Ventral view; 2) Dorsal view; 3) Lateral view.
A bbreviations : r = segment 1 of palp, 2 = segment 2 of palp, I leg I, Ca = capsule of gnathosoma , CE =
coxal endite, Co = coxa of palp, F = foramen of capsule, Hy = hypostome, PB = pharyngeal bulb, PO =
preoral opening, SC = supracoxal spine, SGD = salivary gland duct, Sl = stylophore, Sp = spine on segment 2 of palp, SS = subgnathosomal seta, St = stylet.

The fulcra of the stylets of the chelicerae lie within the coneshaped stylophore which projects
anterodorsally between the free segments of the palps. The stylophore of Demodex folliculorum,
as in Cheyletus cacahuamilpensis (SUMMERS and WITT, 1971), is ankylosed with the palpal coxae
and, therefore, not movably articulated. In cross section, the anterior portion of the stylophore
is shaped as a dorsoventrally elongate rectangle outlined by an acidophilic sclerite (Fig. 4 c).
The lateral and ventral walls are embedded in and ankylosed with the coxal endites. The ventral
wall of the stylophore is apposed to the sclerotized roof of the food canal. At the point where
the endites merge with the anteromedial walls of the coxae the sclerotized floor of the stylophore
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is lost (Fig. 4 d). The vertical walls of the stylophore become shorter as they pass backward.
They form incomplete septa which mark the line of dorsal fusion between the stylophore and the
palpal coxae. The pharyngeal dilator muscles arise on the gnathosomal roof between the septa
(Fig 4 j).
The fulcrum of each stylet is an acidophilic, plate-like sclerite longitudinally oriented with
the stylet protractor muscle inserting along its dorsal edge (Fig. ro). The proximal portion
of the stylet arises posteroventrally from the fulcrum. The paired stylets recurve clown and
back before projecting forward along the floor of the food canal (Fig. ro). The distal ends of
the stylets taper to a very fine point and are tightly apposed or, possibly, fused. Fixed digits
of the chelicerae are absent.
From the level of the posterior margin of the preoral opening a longitudinal, sclerotized
bar protrudes ventrally from the roof of the food canal (Fig. 4 e, f). As it continues posteriorly
1t extends further clown into the cavity and becomes bifurcate along its ventral edge. It thus
forms an incomplete septum between the stylets. At the posterior limit of the food canal the
septum reaches the floor of the cavity.
The lateral walls of the palpal coxae are covered by " loose ", apparently flexible, basophilie
cuticular material (Fig. 4 f, j) . The coxal walls forma prominent capsule of acidophilic, cuticular
material lying internal to and separate from the " loose " portion of the cuticle. No cells are
visible between the two layers. The pair of supracoxal spines (see DESCH and NuTTING, 1972),
which possess a small cytoplasmic core, lie partially embedded in the cuticle. They are located
on the dorsum of each coxa and situated approximately 12 µm apart in Demodex foll-iculorum
(Figs. 2, 3, 4 e). The gnathosomal depressor and levator muscles insert on the outer, posterior
surface of the capsule, and muscles for movement of palpal segment l arise on the inner, posterior
surface (Fig. rr). The salivary gland ducts, the esophagus and nerve fi.bers pass through a foramen,
9 µmin diameter, in the posterior wall of the capsule. The apparent flexible nature of the outer
cuticular layer allows for the gnathosoma to be partially retracted into the podosoma by levator
and depressor muscle without distorting structures within the capsule .
The ducts of the paired salivary glands enter the gnathosoma dorsally via the foramen in
the capsule (Fig. 2). They pass between the pair of pharyngeal dilator muscles and open ventro_
laterally into the preoral cavity at its posterior margin . Within the gnathosoma, the ducts are
large, sclerotized tubes. Along all but their posterior portion they have a crescent-shaped lumen
with the convex face towards the midline (Fig. 4 i). The lumen is circular in the posterior
portion .
The narrow, sclerotized pre-pharyngeal food canal begins on the floor of the preoral cavity
immediately behind the preoral opening (Figs. 4 e, f, ro). Near the posterior margin of the
preoral cavity it clips ventrad through the floor of the cavity and expands to form the pharyngea1
bulb (Figs. r, 4 j, ro) . In transverse view the cavity of the bulb is cup-shaped (Fig. 4 j). The pharyngeal dila tor mus cl es insert on inner surface of the '' eu p ''. The pum ping action of the pharynx
is easily observed in living specimens, and appears as a pulsation of the bulb at irregular intervals.
Specimens mounted with immersion oil continued pharyngeal motions for a considerable time
after all appendage activity had ceased. The minute subgnathosomal setae, which lie lateral
to the pharyngeal bulb (see DESCH and NUTTING, 1972), appear only as breaks in the cuticle in
transverse section (Fig. 4 i).
F untional consider ations.
In living specimens the stylets were always retracted into the preoral cavity and were never
seen to move. BAKER (1969) noted a lack of stylet movement in living Demodex canis. This
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FIG. 4 a-j Cross sections through gnathosoma of Demodex folliculorum.
of cuts.

Refer to Text Fig. 3 for positiorr.

Abbreviations : r = segment r of palps, 2 = segment 2 of palps, Ca = capsule of gnathosoma, arrow indicatesspace between capsule and outer membranous portion of cuticle, DP2 = depressors of segment 2, FC = food
canal, Hy = hypostome, Mu = muscles for movement of segment I , PB = pharyngeal bulb, PD = pharyngeal dilator, SC = supracoxal spine, SGD = salivary gland duct, SI = stylophore, Sp = spine on segment 2, SP = stylet protractor, SR = stylet retractor, SS = subgnathosom'l.l seta, St = stylet.
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i.s presumed to be their resting position. Occasionally in whole mounts in Hoyer's medium,
stylets projected from the preoral opening forward and slightly downward. The stylets apparently
fonction to puncture host cells. The released cellular contents are taken, presumably, into the
food canal by action of the pharyngeal pump. The salivary gland products probably aid in
preoral digestion to facilitate the ingestion of liquified cytoplasm.
Observations of living mites indicate the palps are used in locomotion, in ecdysis and may
aid in rupturing follicular epithelial cells.
Comparative observations.

The basic plan of the gnathosoma of all Demodex spp. so far studied, is very similar to that
-described above for D . follicitloritm. Sorne minor variation does occur however ; e.g., in D. caprae
the preoral opening is 21-22 µm and the salivary gland ducts are very narrow (less than 0.5 µm
in diameter). Other external interspecific variations such as, the overall size of the gnathosoma,
the number of palpal spines, the shape of supracoxal spines and the position of the subgnathosomal
s etae relative to the pharyngeal bulb are useful for taxonomie purposes (see DESCH and NuTTING,
I972 , 1973).
DISCUSSION
The literature dealing with the gnathosomal morphology of Demodex spp. is, in general,
incomplete. Reports prior to HmsT (1919), were apparently based on observations of uncleared
specimens under low magnification. In the present report, cleared whole mounts in lateral
view and 0.5-r.o µm thick plastic sections proved helpful for interpretation of gnathosomal structures of these small mites.
The palps, referred to by some authors as maxillary palps, have been reported to consist
of 2 segments (SIMON, 1842; OWEN, 1843; LEYDIG, 1859; RAILLIET, 1895) 2 or 3 segments (FAXON,
1878), 3 or 4 segments (WILSON, 1844) and 4 segments (MEGNIN, 1877). The present account
concurs with those who considered the palps as 3 segmented (CANESTRINI and KRAMER, 1899 ;
GMEINER, 1909; BERLESE, 1912; HmsT, 1919; LOMBARDINI, 1942).
N early every taxonomie work has recorded a pair of mandibles, often described as styletiform,
between the palps. Invariably the figures in these reports indicate the coxal endites as the
mandibles (MEGNIN, 1877; FAXON, 1878; CSOKOR, 1879; RAILLIET, 1895; CANESTRINI and KRA:MER, 1899; GMEINER, 1909; BERLESE, 1912) . In addition, they have also been called collectively
a "snout" (SIMON, 1842), maxillae (OWEN, 1843) and cheliceral sheaths (HmsT, 1919) . WILsoN's (1844) account is especially difficult to interpret. He notes eight pairs of tentacula around
the mouth for " prehension and detention of food, " and 4 to ro pairs of maxillae on the interna!
border of the mou th for suction to assist the tentacula ! HmsT (1919) located the chelicerae,
but described them as possessing short dorsal and long ventral stylets. FRENCH (1962) stated
" both styletiform chelicerae (in Demodex canis) consists of two members fused distally. " His
i.llustrations indicate the ventral member is actually the posterior màrgin of the preoral cavity.
He correctly figures the stylets in immatures, however. BAKER (1969) showed D. canis with
two pairs of stylets : a styletiform pair (digitus mobilis) and a "more robust" pair (= coxal
endites). The triangular-shaped epistome noted by FAXON (1878), GMEINER (1909), BERLESE
(1912), HmsT (1919) and LOMBARDINI (1942) is actually the stylophore.
Although F AXON (1878) figured the subgnathosomal setae and pharyngeal bulb, he described
them as "exceeding minute structures, the nature of which I could not determine. " CsoKOR
(<1879) was the first to identify the pharynx; however, he felt the subgnathosomal setae were
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openings of glands. HmsT (1919) and FRENCH (1962) noted the pharyngeal bulb only as an
oval and horseshoe-shaped structure, respectively, while LOMBARDINI (1942) called it the " subrotund formation. " HmsT (1919) and LOMBARDINI (1942) considered the subgnathosomal
setae as stigmata; FRENCH (1962) referred to them as pores. The subgnathosomal setae are
extremely minute in some species and nearly completely embedded in the cuticle (e.g., Demodex
folliculorum), thus making correct interpretation of these structures very difficult. However,
in other species (e.g., D. caprae) with oil immersion and phase contrast optics, they are quite
easily visualized as setae.
The interspecifi.c variation in the shape and the size of the supracoxal spines was noted by
HmsT (1919) to be " a good specifi.c character. " Previously they had been recorded as eyes
(WILSON, 1844; CSOKOR, 1879) or as sites of muscle attachment (FAXON, 1878). KRAWIEC and
GAAFAR (1975) have recently observed these with the scanning electron microscope on D. canis
They consider them to be sensory organs.
HmsT (1919) noted the membranous nature of the flexible cuticular layer of the gnathosoma,
but did not mention its possible signifi.cance in allowing partial retraction of the gnathosoma into
the podosoma without distortion of its internal structures. Much earlier, however, WILSON
(1844) stated that "in the upper anterior part of the thorax I have observed pretty constantly
a transparent spot that seems to be an unoccupied space, bounded by the substance of the animal
below and by the vaulted transparent integument above. This space has reference to the retraction
of the head within the thorax " (see Fig. 7).
C. Podosoma
The podosoma of Demodex folliculoritm comprises about one-fourth of the total body length.
It lacks a sejugal furrow and the four pairs of legs are evenly spaced along the ventrolateral edge.
Externally the podosoma of both sexes displays dorsal cuticular inscriptions which are reminiscent
of a thumbprint (see Fig. 3 in HmsT, 1919) and two pairs of dorsal, tubercle-like setae which
are more highly developed in the male (see section on male reproduction system). Four pairs
of non-movable coxae (= epimera) form the ventral body wall. Internally the podosoma con tains
portions of the musculature, nervous, digestive and male reproductive systems which are discussed
separately below.

r. Podosomal Appendages
The primitive acarine leg is thought to have been composed of six segments: coxa, trochanter,
femur, genu, tibia and tarsus (HUGHES, 1959). The walking appendages of Demodex folliculorum.
as well as all the other known members of the genus, are reduced in size and segment number,
and are modifi.ed for locomotion in the confines of the pilo-sebaceous complex. Each leg is
composed of four segments : three movable segments and a flattened, non-movable coxa (= epimeron). When viewed in cross section, each epimeral plate has a ridge-like apophysis along
its medial edge from which arise muscles to the fi.rst of the three movable leg segments (Fig. 17).
It is not possible at this time to homologize the movable segments of the Demodex spp. leg with
the fi.ve distal-most segments of the primitive acarine appendage. Therefore, as suggested by
MITCHELL (1962), it is thought best to adopta neutral reference system for morphological description. Hereafter, the movable segments are designated by the numbers 1, 2 and 3 from proximal
to distal. This system is also used with respect to the two free palpal segments (see above).
Furthermore, the leg pairs from anterior to posterior are referred to by upper case Roman numerals
I through IV, respectively. The morphology of each leg pair is similar, and the following description
of legs II will suffi.ce for all.
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Segment r in Demodex folliculorum is the largest of the movable segments. In ventral view
it is triangular in outline with its apex directed posteriorly (Fig. 5). Segment 2 is teardrop-shaped
with a blunt, spur-like process (3 µ.m long) extending posteroventrally. This has been referred
to as a femoral spur or spine (FAIN, r960). In some species (e.g., D. longissimus) the spur is
very large (ro µ.m long) and pointed. The terminal segment, 3, sits like a small cap near the
anterior margin of segment z.
10,.m

5

10,.m

10tim

6

7

FrGs. 5-7: Demodex folliculoruin. 5) leg II, Co = coxa. r, 2, 3 = segments r,
the pair of claws on segment 3 ; 7) Ventral view of leg I of nymph.

2,

3 respectively; 6) leg II, showing

Segment 3 bears two identical claws in a dorsoventral line. Each claw is 4 µ.m long and
bifid distally. A large, 2 µ.m long spur projects posteriorly from the midregion of the shaft of
the claw. Claws are embedded in the terminal segment nearly up to this spur (Fig. 6). In
paraffin sections claws stain only faintly with eosin and are unstained in Richardson's stained
plastic sections. A canal of extremely small caliber runs up the shaft of the claw. In plastic
sections the wall of this canal is colored deep blue with Richardson's stain. Cytoplasmic elements
could not be visualized within the canal. However, in the highly modified claw of leg III of
immatures of Demodex longissimus a single row of small nuclei lies along the length of the central
canal (DESCH, et al., 1971) (Fig. 4). Legs I and II possess a 3 µ.m long solenidion on segment
3 dorsal and slightly anterior to the dorsal-most claw. It is somewhat recurved and partially
embedded in the cuticle.

Immatures
The legs of immatures of Demodex folliculorum appear to be composed of a single free (movable)
segment attached to a stump-like projection of the body wall (Fig. 7). However, the thinness
of the cuticle makes the joint difficult to visualize. The claw-bearing ventrolateral surface is
fl.attened; the dorsolateral surface tapers. In D . antechini and D. canis the legs are non-segmented
and stump-like. Legs of both species project laterally from the body wall. In immatures of
D. caprae the legs are oval, plate-like nubbins, on the ventrolateral body wall.

F unctional considerations.
Observations of living and preserved specimens of Demodex folliculorum indicate that the
leg structure is well adapted for movement within the limited space of the pilo-sebaceous complex.
As segment r is extended, segment z is pulled inward and 3 is flexed towards the mid-line :
conversely, as segment r is flexed, segments z and 3 are extended. The combined effect is that
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the entire leg is brought forward in an arc of small radius, and swung back with an arc of maximum
radius. This will allow the leg to move forward in the narrow follicle with the least resistance
(against the walls), and push the mite forward with maximum traction on the backward swing.
Thus, the walking appendages of Demodex spp. seem primarily designed for forward locomotion.
In immersion oil mounts live mites " swim " always as if they were crawling forward. Likewise,
D. folliculorimi on dry glass slides have been observed to move only forward. NuTTING and
RAUCH (1963) watched D. aurati crawl up a hamster hair, but not down again. How the mites
leave a follicle (reverse locomotion) to move to another is not known. It may involve being
squeezed from the follicle by the actions of the host or being pushed out by the pressure of numbers
of mites occupying the follicle.
Leg musculature is in accord with the above description of leg fonction (see section on
musculature).
DISCUSSION.
Many early works on Demodex follicitlorum noted the walking appendages composed of
three movable segments attached to an epimeral plate (SIMON, 1842; WILSON, 1844; MEGNIN,
1877; CANESTRINI and KRAMER, 1899; GMEINER, 1909) . BERLESE (1912), however, stated the
leg to be six segmented (including the epimeron). Subsequent workers have reported a like
number of segments per appendage in a variety of species of Demodex (HmsT, 1919 ; LoMBARDINI,
1942; NUTTING, 1950; BAKER and WHARTON, 1952; FAIN, 1960; FRENCH, 1962; BAKER, 1969).
Figures by BAKER (1969) however, depict a leg with three movable segments. In the present
study, only three movable segments plus an epimeron were observed in the leg of any species of
Demodex examined, including D. follicitlorum. NoRN (1970) and KRAWIEC and GAAFAR (1975)
reported the same number in D. folliculorum and D. canis, respectively.
Observation of a 5-segmented leg may be due to misinterpretation of the nature of the two
distal joints of the free segments. The joints are oriented diagonally with respect to the vertical
plane, and in flattened specimens may appear as two separate joints instead of the dorsal and
ventral aspects of a single joint (see BERLESE, 1912; LOMBARDINI, 1942; FRENCH, 1962). The
illustrations of the legs in HmsT's monograph (1919) are diagrammatic. NuTTING (1950) does
not figure a leg in detail. Demodex aelleni (FAIN, 1960) is reported with two additional segments
between segments 2 and 3 (present segment designation). Specimens of this species were not
available for examination during the course of this study.
D. Opisthosoma

The tubular-shaped opisthosoma terminates in a blunt point and comprises two-thirds of
the total body length of Demodex follicitloritm. It is characterized externally by transverse
annulae ranging from 2 µm wide at the podosomal junction to l µmat the opisthosomal terminus.
In longitudinal section, the annulae give the body wall a somewhat serrated outline (Fig. 3)·
As mentioned below, the opisthosoma in living females, in a dorsal or ventral view, often appears
tripartite, due to muscle contractions. Portions of the musculature, nervous, digestive and
reproductive systems are located in this body region.
Opisthosomal Organ

A sclerotized invagination of the body wall, usually tubular, has been found in adult females
or adult males and females of a number of species of the genus Demodex. This structure, previously
referred to as a proctodeum (DESCH, et al., 1970; DESCH and NuTTING, 1972), possesses an opening

-

433 -

to the exterior mid-ventrally in the posterior one-third of the opisthosoma. Internally this
invagination passes dorsally for a short distance after which it assumes a specific direction and
a form dependent upon the species or sex under examination. Intraspecifically there is a marked
sexual dimorphism of this structure.
In female De11iodex follicitlorimi the invagination is an attenuated tube (12.5-13 .3 µ.m long
by r.5 µ.m wide) and runs posteriorly in the opisthosoma ending in a closed tip. Richardson's
stained plastic sections show the sclerotized lining to be similar to that of the opisthosomal exoskeleton. The invagination is surrounded by Type II gut cells (see below) ; numbers of mitochondria occur in the cytoplasm of these cells around this structure. No specialized cells are
associated with either the sclerotized shaft of the tube or its tip. The lumen of the invagination
never contains stainable or crystalline material. The fonction of the invagination is unknown.
An opisthosomal organ is absent in D. brevis.
Comparative observations.

The opisthosomal organ in the female of De11iodex canis is similar in shape and position to
that of D. folliculorimi, but measures lI.5 µ.min length (DESCH, et al., 1970). In D . capraefemales,
the invagination is bluntly fosiform and connected near its center by a short canal before opening
to the outside. An opisthosomal organ is present in both sexes of D. antechini. In females
it consists of four flattened pouches with converge on a small canal leading to the outside ; in
males it is composed of four simple stalks with slightly expanded tips (NuTTING and SwEATMAN,
1970).
DISCUSSION .
In WILSON's (1844) account of Demodex folliculorimi, he noted a small " anal opening" on
the ventral side of the opisthosoma a short distance from its posterior end. This opening probably
represents the opening of the opisthosomal organ. FRENCH (1962) and BAKER (r969) figured
the opisthosomal organ of D . canis, but only briefly referred toit as a sclerotized tube. FRENCH's
observation of this structure in the nymphal stage of D . canis is not confirmed in the present
study. To date the opisthosomal organ has been described in D. bovis (OPPONG, 1970; DESCH
and NuTTING, 1973) , D. aurati (DESCH, et al., 1970), D. criceti (DESCH, et al., 1970), D. phylloides
(DESCH and NUTTING, 1973) and D. odocoilei (DESCH and NUTTING, 1974).
lNTERNAL MORPHOLOGY
The account presented below of the internal morphology of Demodex follicitloritm includes
muscular, nervous, digestive and reproductive systems of adults and immatures. Organs or
tissue of endocrine fonction were not identified during this study; tracheal and circulatory
systems are absent.

A. MUSCULATURE
For comparative purposes, observations are included on D. caprae and D. antechini.
of D. canis indicate that its musculature is most similar to D. folliculorum.
Acarologia, t. XIX, fasc. 3, 1977.

Studies
5
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ADULTS

r. Muscles of the gnathosoma .

The overall muscle plan of the gnathosoma, frorn observations of sections and of living
mites, indicates that movement is confined primarily to a vertical plane.
a. Muscles of the palps. One large and one small, thin muscle serve to levate the gnathosoma
(Fig. 8, 9) . They arise on the dorsum of the podosoma at the levels of legs III and insert dorsoproximally at the base of the gnathosoma. The large levator (LLPC) inserts more lateral to
the smaller levator (MLPC) which arises at the level of legs II .
MLPC

LLPC DPC

[ 20,.

MDV1

LDV MDV2

PO OG

01

2

8-9 : Musculature of Dem odex folliculorum. 8) Lateral view of female; 9) dorsal view of female .
thosomal muscles on right side ; body and genital muscles on left side.

FIGS .

Gna-

A bbreviations : DPC = depressor of palpai coxa, LDV = lateral dorso-ventral muscle, LLPC = lateral levator
of palpa! coxa, MDVl = anterior, media! clorsoventral muscle, MDV2 = posterior, media! dorsoventral
muscle, MLPC = media! levator of palpa! coxa, OG = opisthosoma- genital muscle, 01 = anterior opisthosomal muscle, 02 = posterior opisthosornal muscle, PO = poclosoma-opisthosornal muscle.

A large gnathosomal depres:or muscle (DPC) originates adjacent to the large levator and
inserts on the ventroproximal base of the gnathosoma (Fig. 8, g). The greatest diameter of
this muscle and the levators is in the posterior one-third. The inserting tendon is fine and
thread-like.
A levator (LPr) arises just lateral to the mid-line on the proximal rim of the palpal coxa
( = capsule) and inserts mesodorsally on the proximal portion of pal pal segment (Fig. n).
Two muscles serve to depress palpal segment r. All slips have broad heads with narrovv
insertions. One arises ventral to the levator (lVIDPI) and the other (LDPI), of two slips, lateral
toit. The two slips of the lateral depressor insert lateroventrally and that of the median muscle
mesoventrally on the proximal edge of the palpal segment r (Fig. II).
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FC
PB
DP2

11
Lateral view of muscle of the adult gnathosoma of Demodex folliculorum.
Muscles associated with feeding ; n) Muscles of palpal segments I and 2.

FIGS. IO-II :
10)

Semidiagrammatic.

A bbreviations : DP2 = d epressor of palpal segment 2, FC = food canal, Fu = fulcrum, LDP1 = lateral depressor of palpal segment r, LP1 = levator of palpal segment I, iVIDP1 = medial depressor of palpai segment r,
PB = pharyngeal bulb, PD = pharyngeal dilator, SP = stylet protractor, SR = stylet retractor, St =
stylet.

Movement of palpal segment 2 is afforded by two small, spindle-shaped depressors (DP2)
(Fig. rr) . One arises laterodorsally and the other mesodorsally on the distal rim of palpal seg. ment r. Both insert together (or nearly so) midventrally on the proximal edge of the palpal
segment 2 .

Comparative observations :
Except for minor differences, muscles associated with movement of the gnathosoma of
Demodex caprae, D. canis and femàle D. antechini are basically similar to th ose of D. folliculorimi
In these species, except male D. antechini, the large levator (LLPC) and depressor (DPC) of the
palpal coxa arise as in D. folliculoritm (Figs. 12, 13) . In D . caprae the inserting tendon of these
muscles comprises about one-fourth their total length; in female D. antechini about one-half.
In the male D. antechini the large levator of the palpal coxa (LLPC) arises at the dorsum at the
level between legs II and III (Figs. 14, 15). The depressor (DPC) arises just lateral to the genital
orifice (level of legs II). In both sexes of the three species all muscle slips (3) which depress
palpal segment l (DPI) insert mesoventrally on this segment.
b. Muscles associated with feeding. A pharyngeal dilator (PD), of two slips, arises on the
proximodorsal region of the palpal coxa about 3 fl.m from the midline. The heads of the slips
lie adjacent to each other in the anteroposterior axis. Each slip, as well as the right and left
component of the dilator, converge to a common insertion at the midline on the inner surface
of the cup-shaped (as seen in cross section) pharyngeal bulb (Figs. 4 j, rn).
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DPC LLPC

LDV MDV1 SR PD
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OG MDV3 MDV2 LDV MDV1

13
FIG. 12.

SR

Lateral view of musculature of female Demodex caprae.

FIG. 13 : Lat"ral view of musculature of female Demode.v antechini.

Abbreviat-ions: DPC = depressor of palpai coxa, Fu = fulcrum, LDV = lat eral dorsoventral muscle, LLPC =
lateral levator of palpai coxa, M:DV'l = anterior, media! dorsoventral muscle, .MDV2 = medial dorsoventral muscle at level of legs III, MDV3 = posterior, media! dorsoventral muscle (in D . antechini), MLPC =
media! levator of palpai coxa, 0 = ovary, OG~ opisthosoma-genital muscle, 01 = anterior opisthosomalmuscle, 02 = p ost erior opisthosomal muscle, OIV = opisthosoma-leg IV muscle, PD = pharyngeal clilator, PO = poclosoma-opisthosomal mus:lc, SP = stykt prot:-actor, SI\. = stylet retractor, SSA =
sperm storage area, U = uterus, Vu = vulva, arrow = sulcus.

PO

FIGS.

14-15 : Musculature of male Demodex antechini.

P..P U.PC

14) Dorsal view; 15) Lateral view.

Abbreviations : A = aedeagus, AP = aedeagal protractor, DPC = depressor of palpai coxa, DPI = depressor
of palpal semgent 1, LDV = lateral dorsoventral muscle, LLPC = lateral levator of palpai coxa, LPr =
levator of palpai segment 1, MDV1 = media! dorsoventral muscle, MLFC = medial levator of palpal
coxa, PO = podosoma-opisthosomal muscle, SV = seminal vesicle, Sy = synganglion, T = testis,
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Two muscles are associated with each of the two stylets of the chelicerae (Figs. 4 f, h, ro).
Both arise slightly proximal to the origin of the pharyngeal dilator very near the midline. A protractor (SP) inserts on the proximal end of the stylet base. By pulling the base posteriorly it
would force the stylet forward. What appears to be a stylet retractor (SR) inserts at the point
of upward and forward inflection of the distal one-fourth of the stylet.

Comparative observations :
The above mentioned pharyngeal and stylet muscles are very similar in Demodex caprae
(Fig. 12), D. canis and D. antechini (Fig. 13).
z. Leg musculature.

Three sets of muscles arise from the medial edge of the epimeral plate (Figs. 16, 17). The
ventral-most muscle (ADr), of three dorsoventrally flattened slips, inserts on the ventroproximal
edge of segment r. The combined effect of the slips of this adductor is to flex segment r down
and, possibly, back. The antagonist (ABr), also of three slips, arises immediately dorsal to the
abductor and inserts on the dorsoproximal edge of segment r. From the anteromedial edge
of the epimeral plate, a muscle (Fr), of a single slip, runs between the tvvo above mentioned
muscles. It inserts on the posteroproximal edge of segment r and f!exes this segment backward
and, possibly, up.

AD2

17

16
FIGS. 16-17 : Leg II of Demodex caprae.
diagrammatic.

16) Ventral view.

Semidiagrammatic; 17) Frontal view.

Semi-

A bbreviations : AB1 = abductor of segment l, AB2 = abductor of segment 2, AD1 = adductor of segment
AD2 = adductor of segment 2, AD3 = adductor of segment 3, Fl = fiexor of segment I.

l,

An adductor (ADz), of two slips, arises anterodorsally from the proximal edge of segment r
and inserts anteroventrally on the proximal rim of segment z (Figs. 16, 17). It would also serve
to extend segment z forward. Another muscle (ABz) abducts segment z backward and, possibly,
up. It arises anteroventrally on the proximal i;im of segment r and inserts posterodorsally on

the proximal rim of segment z (Figs. 16, 17). Movement of segment 3 is accomplished by two
adductors (AD3) (mostly backward flexion) (Figs. 16, 17).
Comparative observations :
Limb musculature is similar in all legs of Demodex caprae except that in leg pair IV of the
female a prominent muscle (OIV) extends from near the body midline about IO µm posterior to
the vulva to the posteroventral, proximal edge of segment l (Figs . 12, 18). It adducts this
segment down and back. This muscle may be derived from a slip of the adductor arising from
epimeral plate IV, which has only two slips. The muscle from the opisthosoma to segment l
of leg IV muscle is absent in Demodex jollicitlorimi, D. canis and D. antechini, and the ventralmost adductor arising on epimeral plate IV is composed of three slips. Thus, in these species
the musculature is the same in legs I through IV.

110pm
18

19

FIG. 18 : Ventral view of genital area of female Demode,1: caprae.
OG = opisthosoma-genital muscle, OIV = opisthosoma-leg IV muscle, Vu = vulva.
FIG. 19 : L ateral view of aecleagus of Demodex follicitloruin.

AP = aecleagal protractor.

3. Body miiscitlatitre.
Body muscles of Demodex spp. appear to be primarily associated with generation of body
hydrostatic pressure (see MITCHELL, 1962). It is not possible to distinguish origin from insertion
of one longitudinal and six dorsoventral muscles of this system in Demodex follicitloritm. All
dorsoventral muscles lie within the podosoma. The anterior-most muscle (MDV1), of two slips,
attaches both ventrally, near the mid-line, and dorsally at the level of the area between legs I
and II (Figs. 8, 9). A similarly oriented muscle (MDVz) attaches on the dorsum at the level
of the area between legs III and IV (Figs. 8, 9). Both attach on the ventrum near the midline ; one between legs II and III, and the other between legs III and IV. A second series of
three shorter muscles (LDV) attach on the dorsum and on the lateral body wall between legs I
and II, II and III, and III and IV (Figs. 8, 9).
A longitudinal podosoma-opisthosomal muscle (PO) attaches on the dorsum at the level
-0f legs III, and laterally on the opisthosoma about 15 µm behind leg IV (Figs. 8, 9).
Comparative observations :
The body musculature of Demodex caprae differs from that ofD.jolliculorum as to the positions
-0f attachment on the dorsum. They are shifted slightly anteriorly in D. caprae (Fig. 12). The
posterior end of the podosoma-opisthosomal muscle (PO) is less broad and attaches dorsolaterally.
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The body musculature of Demodex antechini exhibits sexual dimorphism. The anteriormost dorsum-to-ventrum muscle (MDVr) is situated as in D . follicitlorum, but is composed of
three slips in the female (Fig. r3) and two slips in the male (Figs. r4, r5). In the female, a hingelike sulcus in the exoskeleton rings the podosoma between legs III and IV. Immediately anterior
to this sulcus at legs III, a muscle (MDVz) runs from the ventrum, near the midline, to the dorsum
(Fig. r3). A similarly oriented muscle (MDV3) lies posterior to the constriction at legs IV (Fig. r3).
It is angled slightly anteriorly from ventral to dorsal. These latter two dorsoventral muscles,
besicles assisting in the generation of hydrostatic pressure, may act to compress the podosoma
and thereby facilita te dilation of the genital orifice of the female during oviposition. The podosomal
hinge, or sulcus, and the dorsoventral muscles at legs III and IV are absent in the male. The
series of short dorsoventrals (LDV), as described above, is limited to the areas between legs I
and II, and between II and III in both sexes (Figs. r3, r4, r5).
From the posterior margin of the podosomal sulcus in Demodex antechini, the longitudinal
podo3omal-opisthosomal muscle (PO) in the female fans out and flattens to attach laterally on
the opisthosoma about IO µ.m behind leg IV (Fig. r3)· In the male this muscle attaches on the
dorsum at the level of the area between legs II and III, and laterally on the opisthosoma about
IO µ.m behind leg IV (Figs. 14, 15).
It is of equal width at both ends.
4. Nluscles associated with reproduction.

Muscles which fonction in this capacity exhibit sexual climorphism.
a) Male. A muscle (AP) from the lateral side on the basal swelling (bulb) of the aedeagus
runs forward to insert just lateral to the dorsal genital opening (Fig. 19) . This muscle serves
to protrude (extencl) the aecleagus.
Extremely fine slip3 of intrinsic circular muscle surrouncl the seminal vesicle (Fig. IO).
Contractions of the3e muscle3 probably force s;ierm in the lumen of the seminal vesicle through
the aecleagus. The number of slips varie3 intra- and interspecifically.
b) Female. Two musclc3, the aëlterior (Or) and posterior (Oz) opisthosomals, lie along
and attach to the lateral wall of the opisthosoma. The anterior muscle, when relaxed, extends
back about 50 µ.m from the po3terior end of the podosoma-opisthosomal muscle. The posterior
opisthosomal muscle runs from this point for arrother 40 fJ.m along the opisthosoma (Fig. 8, 9).
It is not possible to disting~tish the origin from the insertion of these muscles. Each appears
to be composed of two slips. Another m'..lscle, the opisthosoma-genital muscle (OG), of two
slips, runs forward from the po3terior attashment of the longitudinal poclosoma-opisthosoma1
muscle to the anterolateral edge of the vulva (Fig. 8, 9). Contraction of this muscle would
pull the lip3 of the vulva apart. The combinecl action of these three muscles and, possibly,
the longitudinal podosoma-opisthosomal muscle could force the mature ovum forward along the
genital canal and expel it to the outside. The female reproductive tract possess no intrinsic
muscles.
In living female mites contractio:i of the opistho:; omal muscles appear to be slow and prolongecl,
giving this body region a tripartite appearance. Both muscle:.; generally fonction in unison.

Comparative obse1'vaûons :
In Demodex caprae the opi3th03oma-genital muscles (OG) are less broad than in D. folliculorum.
The opisthosomal muscles (Or, 02) a-e also le:;s broacl and more dorsally situated (Fig. rz).
In D. antechini the opisthosomal muscles (Or, Oz) are very fiat and broad, nearly cncompassing

-440 the opisthosoma (Fig. r3) . The muscle to the vulva (OG), in this species, has a broad origin .
Demodex canis is very similar to D. folliculorum.
As an added note, the posterior opisthosomal muscle appears to be absent in Demodex longissimits (See Desch, et al., 1972). Contraction, of the remaining anterior muscle and the longitudinal
body muscle produces a telescoping effect in the opisthosoma. Only preserved specimens of
this species have been observed.
Mitsculature of Immatitre Stadia

r. !Ylitscles of the gnathosoma.
Within a given species gnathosomal musculature is identical in all immature life stages.
a) Muscles of the palps. Two large depressors (DPC) arise on the dorsal body wall at the
level of legs II. They insert medioventrally on the proximal rim of the coxa of the palp (Figs. 20,
2r). A levator (LPC) arises anterior to the depressors on the dorsum at the level of legs I, and
inserts mediodorsally on the proximal rim of the first palpal segment (Figs. 20, 2r) .
A large muscle (DPr), with two separately arising slips, serves to depress palpal segment r.
One slip arises laterally on the proximal edge of the palpal coxa, and the other medioventra1
toit. Both insert together ventrolaterally on the proximal edge of palpal segment r (Figs. 20, 2r) .
The levator of palpai segment r (LPr) arises laterally on the proximal rim of palpal coxa and
inserts mediodorsally on the proximal rim of segment r.
The clepressors of palpal segment 2 (DP2) arise and insert as in the adult.
b) Muscles associated with feeding. Only one muscle pair, a retractor (SR), could be discovered in association with the stylets. The origins and insertions are arranged as in the stylet
retractor of the adult (Figs. 20, 2r) . From the mediodorsal wall of the coxal segment the pharyngeal dilator (PD) , of two slips, runs ventrad to insert on the inner surface of the cup-shaped pharyngeal bulb.

Coniparative observations :

The immature stages of Demodex caprae, D. canis and D . antechini conform closely to the
above account of feeding musculature within the gnathosoma.
2.

Body mitscitlature.

In Demodex folliculoritm and D . canis two sets of muscles run dorsoventrally, and probably
serve to maintain body hydrostatic pressure. All attach laterally on the dorsum and medially
on the ventrum (Figs. 20, 2r). The anterior-most muscle (DMVI), of two slips, is at the level
of the posterior margin of leg I. The two posterior muscles are also of two slips (MDV2). The
slips attach dorsally together at the level of leg III. Ventrally one attaches at the level of the
posterior margin of leg II, the other similarly at leg III.
Comparative observations :
In nymphs of Demodex caprae this muscle pattern is the same, but the muscles are extremely
fine and thread-like. They are less than r.o µ.m in diameter and difficult to see. This may
account for the fact that they were not observed in every nymph specimen.
Demodex antechini differs in that the two posterior muscles attach separately to the dorsal
body wall; one at the level of leg II (MDV2) (Fig. 22).
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FIGs.

20-21

Larva of Demodex folliculorum.
FIG.

22 :

20)

Ventral view;

21)

Lateral view.

Lateral view of larva of Demodex antechini.

A bbreviations : DPC = depressor of palpa! coxa, DPI = depressor of palpa! segment I, DP2 = depressor
of palpa! segment 2, DV1, DV2, DV3 = dorsoventral muscles, Ex = extensor of leg, Fx = flexor of leg,
LPC = levator of palpa! coxa, LP1 = Levator of palpa! segment I, PD = pharyngeal dilator, SR= stylet
retractor, St = stylet.
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3. Leg muscitlature.
In Demodex canis and D. caprae legs of the immatures are positioned ventrolaterally on the
body wall; in D. folticuloru11i and D. antechini they lie laterally. As with the body muscles, the
leg muscles of D. folticitloritm, D. canis and D. antechini are identical in every leg of all immature
stages of a particular species. Leg muscles are completely lacking in the immatures of D. caprae.
Each leg is moved by two muscles both arising near the ventral midline. One (Ex) runs
-from the level of the anterior margin of a leg, and inserts on the anterior face of that leg. The
second muscle (Fx) inserts on the posterior margin of the leg, and has its origin at the level of
the anterior margin of the adjacent posterior leg (Fig. 20). The anterior muscle serves to extend
ihe leg forward while the posterior one flexes it backward. Both may retract the leg slightly.
The head of the forward extensor of a leg and that of the backward flexor of the preceeding
leg overlaps with the former being more ventral. In Demodex antechini, this overlapping does
not occur (Fig. 22).

Note on the histology of mitscle tissite

Each muscle, or muscle slip, is composed of a single myofibril of no more than two sarcomere
imits. The A, I and Z bands are easily distinguishable. The large gnathosomal depressor and
1evator, the podosoma-opisthosomal muscle, and the two opisthosomal muscles of the female
are each two sarcomere units long (Fig. 9) ; all other muscles appear to be one unit long. Muscles
are probably single celled, as noted by BAKER (r969), though muscle cell nuclei were not observed
in this study. Relaxed sarcomeres of the anterior opisthosomal muscle of Dmiodex ca111:s are
each r5 to 20 µm long and ro µm wide. In the podosoma-opisthosomal muscle of the male
D. antechini they are 20 µm long but only 3 µm wide. The shortest muscles are those which move
the distal palpal segment; they range from 3 µmin D. antechini to 9 µm long in D. caprae. In
both species they are less than r µmin diameter.
DISCUSSION :
The musculature system of Demodex spp. has received only brief attention in a limited number
'Of papers. WILSON (r844) mentioned that " retractor muscles of the head " are continuous
with the leg muscles. In D. phylloides, LoMBARDINI (r942) noted pharyngeal muscles, although
his description of these was very vague. He also described dorsoventral muscles and two muscles
for levating and depressing the gnathosoma. NuTTING (r950) observed in D. caprae that the
dorsoventral muscles are of two series as described above, but was unable to determine " the
exact number and disposition " of them. He further noted two dorsal capitular muscles (= gnathosomal levators), dorsal and ventral cephalothoraco-abdominal muscles (= podosoma-opisl
thosomal and opisthosoma-genital muscles, respectively), and anterior and posterior abdominamuscles (= opisthosomal muscles).
To date, the most extensive account, although incomplete, on musculature has been given
by BAKER (r969) for Demodex canis. This report contains a number of points with which the
present study is in disagreement. Baker referred to three gnathosomal muscles ( = muscle
within gnathosomal coxa for movement of segment r) of which "two members elevate, depress
and slightly abduct the pedipalps, the third pair abducting the pedipalps. " He reported that
the gnathosomal levators and depressors arise at the midline and diverge as they pass forward.
He also noted that the dorsoventral muscles in the podosoma serve" to activa te the basal members
·Of the coxae" and possibly to " apply pressure to the pharyngeal region of the esophagus to
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: .~
_ - --I : r) Electron micrograph. The cuticle in the opisthosoma of Demodex folliculormn is divided into
three zones : epicuticle (Ep), exocuticle (Ex) ar.d endocuticle (En). Ed = epiderrnis. X 38600; 2) Demodex folliculorum. Cytoplasm of Type I gut cells around the end of the esophagus (Lu) is filled with numerous small vesicles (arrow). N = nucleus of Type I cell, Sg = salivary gland and Sy = synganglion.
X 780; 3) The opisthosomal organ of Demodex folliculoruni (OO) is surrounded by Type II gut cells (II).
The cytoplasm of these cells around the opisthosomal organ contains numerous mitochondria (arrows).
X 950; 4) Claw of third leg of immature of Demodex longissimus showing nuclei (N) of cells within this
structure. x 620 .
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produce suction as an aid ici feeding. " His description of the leg musculature is difficult to
interpret because he stated that the legs are 5-segmented, but his illustrations show only four
segments. He was unable to ob:;erve the lateral opisthosomal muscles as described by NUTTING
(1950) and confirmed in this study. No observations were made in the present report to confirm
Baker's statement that "movement of the opisthosoma occurs in a rotary manner about the
podosoma. "
Most muscles in the demodicids examined appear to be non-striated. This is probably due
to the fact that they are of only one sarcomere unit, except those noted above. WHITMOYER,
et al. (1972) were unable to detect striated muscle in the eriophyid Aceria titlipae for possibly
the same reason.
B. Digestive System

The narrow (0.5 µm outer diameter), sclerotized esophagus curves dorsally from the posterior
face of the pharyngeal bulb to enter the podosoma via the foramen in the capsule of the gnathosoma.
It runs posteriorly in the podosoma near the midventrum until it reaches legs III where it angles
dorsad. The esophagus penetrates the synganglion entering anteroventrally at the level of
legs III-IV and emerges from its posterodorsal surface. It fiares to a width of 3 µm as it joins
the (mid-)gut about ro-20 µm behind the synganglion .
Except for the space occupied by the reproductive organs, the synganglion, the lateral
opisthosomal muscles and the hypodermis, the gut cells completely fill the opisthosoma. The
cells measure 30-50 µm long and 15-20 µm wide, with their long axis oriented anteroposteriorly.
Differences in cytoplasmic contents indicate there are two gut cell types, hereafter referred
to as Type I and Type II.
The Type I cells extend fon.v ard to about the posterior margin of the salivary glands, and
cover the dorsal and lateral surfaces of the synganglion and the genital tract in both sexes. Portions of the cells converge to surround the end of the esophagus. Thus, there is only a very
small gut lumen (3 µm wide and 8 µm long). The cytoplasm around the end of the esophagus
sometimes contains numerous, minute vacuoles which may represent engulfed food material
(Fig. 2). The background cytoplasm is pale, and is interspersed with numbers of deep-staining
granules, non-staining vacuoles and crystalline inclusions. At the fine structural level, the
crystalline granules are seen to be concretion-like in nature similar to those found in Demodex
caprae (STROMBERG and NuTTING, 1972) and in various other tissues of other mites (WRIGHT
and NEWELL, 1964; WHITMOYER, et al., 1972). In hematoxylin-eosin stained sections the contents
of Type I cells appear as non-staining brown granules; in whole mounts examined with bright
phase contrast optics the granules are seen as light spots . The Type I cells are clearly visible
in living mites because their cytoplasm is granular with a distinct yellow-brown cast. Occasionally an aggregate of very large, irregular crystals occurs near the posterior limit of the cells.
These were not observed at the ultrastructural level so it is not known if they have a concretionary structure. The population of Type I cells is apparently fewer than ro per mite.
Type II cells fill the remainder of the opisthosoma behind and below the Type I cells. They
are elongate often sending cytoplasmic projections forward, between the Type I cells. The
caudal-most Type II cells narrow posteriorly and converge into the bluntly pointed terminus
of the opisthosoma. The nuclei of these cells are located in this region and the cytoplasm around
them is filled with dense populations of mitochondria (Fig. 3). The most prominent feature
of Type II cells is their content of numerous large lipid droplets. In whole mounts fixed in
glutaraldehyde-osmium tetroxide the droplets appear clear in some specimens, completely black
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II : 5) Lateral view of protonymph of Demode:i: caprae. E = esophagus, Gu = gut, PD =
pharyngeal dilator and Sy = synganglion. X 680; 6) Frontal -section of Demodex folliculorum.
Arrow = esophagus, C = cortex of synganglion , Np = neuropile of synganglion and Oo = developing
oocyte; 860, 7) Lateral view of gravid female Demodex caprae with sperm (S) in sperm storage area. 0 =
ovary and Sy = synganglion . x 250 ; 8) Demodex caprae female in ventral view. Arrow indicates location of sperm in sperm storage area, 0 = ovary and Sy = synganglion . x - 3~0 ; 9) Frontal section
of male Demodex jolliculontin. Immature sperm (IS) near posterior of testis. Mature or nearly mature
sperm enter the seminal vesicle (SV) via a short duct (arrows).
x 760.
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in others, or possess a clear core with a black halo suggesting they contain varying proportions
of saturated and unsaturated lipids. In specimens having droplets containing both lipid types
the ratio of saturated to unsaturated lipid often increases from anterior to posterior. Nuclei
and mitochondria lie in the cytoplasm among the lipid droplets (Fig. 3). In living mites and
in favorable plastic sections the droplets are seen to be situated in longitudinal rows within the
cells. During the preparation of paraffin sections the lipid content of the cells is dissolved out
and the cytoplasm takes on a foamy appearance. The point of juncture between Type I and
Type II cells is very irregular and ill-defined.
No hind gut or excretory tubules are present.
The paired, teardrop-shaped salivary glands, or oral glands (MITCHELL, 1962, 1970), lie
within the laterodorsal region of the mite. They extend from the level of legs II back into the
opisthosoma about ro µm beyond the podosoma-opisthosoma junction. Posteriorly they cover
the anterodorsal surface of the synganglion. Each gland is composed of one large cell surrounded
by 6 to 8 smaller, fl.attened celb (Fig. 23). The cells con tain numerous small, clear vacuoles
and on occasion, a few large, dark-staining granules. The nuclei are large with a single central
nucleous. The background cytoplasm stains with moderate intensity; in paraffin sections it
is mildly basophilie and appears foamy. The cells converge anteriorly to form a solid process,
1-2 µm diameter, leading forward to the sclerotized salivary ducts within the gnathosoma (Fig. 4 i,
23).

Comparative observations :
The overall plan of the gut and salivary glands in Demodex caprae, D. canis and D . antechini
is the same as in D. folliculorimi. However, in the paraffin sections examined, only one typeof gut cell could be distinguished in these species. There is no obvions gut lumen and all cells.
possess foamy cytoplasm free of stained inclusions. One or two aggregates of large crystals often
lie slightly above, but not in contact with the opisthosomal organ.
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FIG. 23 : Lateral view of Demodex folliculorum.
FIG. 24 : Lateral view of Demodex antechini.

Abbreviations : Cr = crystals, E = esophagus, Gu = gut, 0 = ovary, Oo = oocyte, OO = opisthosomal organ:
PB = pharyngeal bulb, SG = salivary gland, SGD = salivary gland duct, St = stylet, SSA = sperm.
storage area, Sy = synganglion, Vu = vulva.
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The salivary glands of Demodex antechini are relatively small (Fig. 24). In the female they
are located completely within the opisthosoma dorsolateral to the synganglion. Each is connected
to the preoral cavity by a long, narrow duct easily seen in silver impregnated sections. In the
male the glands lie within the podosoma between the level of legs II and IV. The salivary gland
ducts and the esophagus of both sexes are not visible with phase contrast microscopy as they
are in D. folliciûorimi and D . caprae, and th us may not be sclerotized. In D. caprae the sclerotized
salivary gland ducts join the gland at the level of leg II.
Functional consid"'rations.

As noted in demodicids (NUTTING, 1964) and in other mites which lack a hind gut and whose
" ... feeding is primarily a chemical process. Expectorants, from oral glands (= salivary glands)
... , liquify and partially digest food" (MITCHELL, 1970). The absence of chewing mouth parts,
the minute bore of the pharynx and esophagus, the small volume of the gut lumen, and the
relatively large size of the salivary glands support the assumption that food is ingested by Deniodexspp. as a liquid. Although MITCHELL (1970) stated that "no arachnid has perfected pre-oraL
digestion to the point that only assimilable material is liquified for ingestion, " demodicids havecome close to realizing this. Those waste products accumulated during the life of the mite which
cannot be eliminated by diffusion through the cuticle are, apparently, stored as crystalline material
in the gut cells. The crystals are not guanine as reported in other mites (STROMBERG and NuTTING, 1972), but rather a guanine derivative (KAULENAS, unpublished). There is no evidence
in demodicids of elimination of waste products by schizeckenosy as reported in trombiculids
(MITCHELL and NADCHATRAM, 1969; MITCHELL, 1970) . Sorne species of Demodex inhabit, exclusively, either sebaceous (e.g., D. brevis) or Meibomian glands (e.g., D. gapperi) . The contentsof the mature cells of these glands, upon which the mites apparently feed, are low in nitrogen
(ROTHMAN, 1954). Thus, the low nitrogen diet of these mites may tend to retard the accumulation
of nitrogenous wastes.
No intrinsic muscles are associated with either the esophagus or the gut. All predigestecl
food material is, therefore, passed backward by action of the pharyngeal pump. The lumen
of the esophagus and the gut were never seen to contain crystalline material. Thus, regurgitation
is, also, probably not a means of solid waste elimination in these mite. The inclusions of Type r
cells of Demodex folliciûorum are thought to represent intracellularly stored waste products·
Their quantities may be correlated with the age of the individual. Fully formed females not
yet emerged from their nymphal exoskeleton possess Type I gut cells with few inclusions. Specimens with many inclusions in these cells are probably older individuals which have accumulated
more waste material.
Although the number and size of the lipid droplets in Type II cells are relatively constant
in all individuals, qualitative differences are apparent. Droplets in " older" individuals (i.e ..those mites with granules in Type I cells) contain a higher proportion of unsaturated lipid than
those in " younger " mites. The significance of the modification of the lipids within the droplets
is not known. The lipid droplets probably represent the chief form of energy storage within
The mite, as in insects (\VIGGLESWORTH, 1972). Because the mites lack a tracheal system, gasexchange probably occurs by diffusion through the cuticle. Also, because they occupy the hair
follicle with the gnathosoma towards the fondus, the posterior portion of the opisthosoma is
most likely to contact the highest oxygen tension in the individual's environment . Thus, this
latter portion of the mite with its large mitochondrial population may be a major site of energy
release.

Immatitre digestive system
The basic plan of the digestive system of immatures is like that of the adult. In Demodex
caprae the esophagus runs back at a 30° angle to join the gut cells behind the last leg pair (Fig. 5) ·
Gut and salivary gland cells of immatures are histologically similar to the corresponding adult
cells. The gut of immature D. caprae often contains an intracellular aggregate of large crystals.
They lie near the ventral body wall behind the developing gonad. These aggregates were rarely
seen in immatures of D. follicitlorimi. The cells of the paired salivary glands converge anteriorly
at the gnathosoma-podosomal border where each gland is connected to the preoral cavity by a
short, narrow duct. Although the position of the salivary glands exhibits sexual dimorphism
in adults of D. antechini, no such difference was noted in the immatures. The salivary glands
are situated within the leg-bearing portion of the body.
DISCUSSION .
Early investigators working with whole mounts of demodicids made a number of comments
on internal structures, especially with respect to the digestive system within the opisthosoma.
In the opisthosoma of Demodex follicitlorimi , SIMON (1842), WILSON (1844) and LEYDIG (1859)
noted numerous fat droplets ( = inclusions of Type II cells) and a light brown mass of granular
material (= inclusions of Type I cells), which varied in size among individuals. FAXON (1878)
also observed " myriads of fat globules in the abdomen " of D. bov·is . ·WILSON (1844) thought
the granules of the brown mass were " hepatic corpuscules, " while LEYDIG (1859) considered
them as stomach contents. The latter author further noted a compact mass of crystalline material
in a blind sac near the posterior end of the opisthosoma of D. phyllostoniata. However, he figured
this sac extending forward over the ovary and joining with the synganglion, which he considered
as part of the alimentary canal. Similar crystalline aggregates were noted in D. canis by LEYDIG
(1859) and figured in D . phylloides by CsoKOR (1879) .
Working with paraffin sections, LOMBARDINI (1942) and NuTTING (1950) referred to the
synganglion as the bilobed, blind gut. SAKO and YAMANE (1962) also pictured the synganglion
of Demodex canis as part of the alimentary canal (i.e ., " digestive organ ") . Recently, BAKER
(1969) recognized the foamy tissue in the opisthosoma of D. canis as the gut, but he described
the synganglion as a" hepatoid organ" (see also discussion under Nervous System). In addition,
Baker reported the large nerve trunk leading forward from the synganglion to be the esophagus.
The present study is in agreement with NuTTING's (1950) observation that the salivary
glands "do not connect to ... the gut as supposed by LoMBARDINI (1942)," who first identified
these structures. BAKER (1969) referred to the salivary glands as " podosomal glands " due to
the fact that he could not detect a connection between them and the alimentary canal.
C. The Nervous System

The synganglion of Demodex spp. is a relatively large organ (Fig. 23, Fig. 6). In both sexes
of D. follicitloritm it extends from the level of legs III in the podosoma back 20 µm into the opisthosoma. Anteriorly it ta pers to a width of 15 µm at the level of legs III ; posteriorly it is widest,
35 µm, and bilobed. The esophagus passes through and out the posterior surface of the synganglion. As in other mites, the synganglion is composed of an inner neuropile surrounded by an
outer cortical region. The neuron cell bodies of the cortex lie 4 to 6 deep, except in the dorsoposterior and lateral regions where they are only l to 3 cells deep. The nuclei of the neurons
are small (0.75 to r.o µm) and round to oval in shape. The perikaryon of the cell bodies in the
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cortex is pale, but basophilie, whereas the neuropile is acidophilic. Glial cell bodies were not
identified in the cortex with either light or electron microscopy. A large nerve trunk passes
forward from the synganglion within the podosoma, however, branches to various organs were
not traced.
The neuropile is devoid of cell nuclei, and apparently consists entirely of nerve fibers. Electron micrographs showed numerous synapses in the neuropile but none in the cortex.
Comparative observations.

The synganglion in both sexes of Demodex caprae is larger (45 µ.m long by 25 µ.m wide) than
D. follicitlorimi, but is similar in form, position and histology (Figs. 7, 8). In D. antechini it
exhibits sexual dimorphism in dimension and position. In females the synganglion is located
within the middle of the opisthosoma, and is 25 µ.m long, 16 µ.m wide and 7 µ.m deep (Fig. 24) ;
in males it lies just behind the podosoma-opisthosomal junction, and is 20 µ.m long, 16 µ.m wide
and I I µ.m deep (Fig. 15).
Immature nervoiis system,

As in the adult stage, the synganglion is a relatively large organ in the immature stages.
Its histology is similar to that of the adult. In larvae, protonymphs and nymphs of Demodex
caprae the synganglion is located within the leg-bearing portion of the body (Fig. 5) ; in D. antechini
nymphs it extends into the opisthosoma. The posterior lobes, composed of neuron cell bodies,
are well developed, and they extend from the ventral (subesophageal) portion of the ganglionic
mass.
DISCUSSION.
To date, the synganglion of any species of Demodex has lacked adequate description. LoMBARDINI (1942) briefly mentioned the "brain" in D. phylloides as being "in the usual supraand suboesophagus position ", and composed of " little nervous masses scattered with few but
thick nuclei. " Elsewhere, in the same account, however, he described and figured the synganglion but refers to it a? the "gut ". NUTTING (1950) noted only a "dorsal brain mass" above
the pharynx on the line of the capitular cephalothoracic junction. " He also considered the
synganglion of D. caprae as a "bilobed gut. " BAIŒR (1969) stated he could find no nervous
tissue in D. canis, but described the syngangl_ion as a granular organ of probably "hepato~d"
fonction. He gives the length as 26-4 ± 5.6 µ.m (N = ro) and the width as 13.6 ± r.6 µ.m.
He further adds that the eosinophilic matrix (= neuropile) is non-cellular.
In a fine structural study of the prostigmatid mite, Acaria titlipae (Eriophyidae), WHITMOYER, et al. (1972) were unable to clearly identify glial cells in the neuropile of the synganglion.
Similarly, glial cells are, apparently, absent in the synganglion of Demodex folliculormn. A tracheal system is lacking in both these mites. The small size of eriphyids and demodicids may
indicate that diffusion is a suffi.tient means of nutrient transfer and gas exchange in the synganglion, thus precluding the necessity of glial cells. On the other hand, glial cells are present in
the synganglion of the large (1,roo µ.m) mesostigmatid mite, 111acrocheles mitscaedomesticae
(CooNS and AxTELL, 1971). A thorough clectron microscope study is needed to determine
conclusively if glial cells are pre3ent or abse:it in the synganglion of D. jolliculorum.

Acarologia, t. XIX, fasc. 3, 1977.
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D. The Reproductive System
MALE:

The testis is an unpaired structure situated in the ailterior one-third of the opisthosoma
(Fig. g). It is nearly spherical with a diameter of 20 µm. Sperm, in various stages of différentation, are tightly packed completely :filling the testis. A thin capsule surrounds the testis and
no internal or external cellular layer could be seen associatecl with it.

III : ro) Electron micrograph of seminal vesicle of Demodex folliculorum . Sr;erm possess a cup-shaped
acrosome (Ac), mitochondria (M) with longitudinally oriented cristae and incompletely condensed chromatin in the nucleus (N). The wall of the seminal vesicle is composecl of a thin inner epithelial lining (Ep)
and an outer layer of circular muscle fibers (CM). A basal lamina (BI) separatcs these two layers. X
7950.
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A focus of immature gametes lies at the posterior margin of the testis. They are 3 µm across
with large (r.3-r.5 µm) pale nuclei (Fig. g). The cytoplasm contains a number of mitochondria.
Sperm are progressively more differentiated towards the anterior end of the testis. The chromatin
becomes more condensecl and an acrosome develops near the nucleus. Sperm within the seminal
vesicle are morphologically identical to those seen in electron micrographs in the female genital
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tract. The sperm within the seminal vesicle are irregular in shape, about 2 µ.m across with a
large volume of cytoplasm. The dark staining nucleus (o.s-0.7 µ.m) is situated near the cell
periphery. In electron micrographs (Fig. ro) , the chromatin appears granular and incompletely
condensed. The acrosome is cup-shaped and lies between the nucleus and the cell membrane.
A deep nuclear fossa contains a dense rod which extends slightly behind the nucleus. Mitochondria have longitudinally aligned cristae, and are located behind and lateral to the nucleus. The
sperm are a:flagellate, as in the genus Tetranychus (BLAUVELT, I94S ; SMITH and BouDREAUX,
r972) and in Pedicitlopsis grmninitni (COOPER, r939). Thus, they are either non-motile or possess
amoeboid movement. Live sperm were not observed.
Evidence of cell division was not found in the testis of the adult male.
The bulbous seminal vesicle lies anterior to the testis, and is joined to it by a very short
connecting duct about r µ.m long by 6 µ.m wide (Fig. 9). The lumen of the seminal vesicle is
lined with a thin sheet of epithelium about r µ.m thick (Fig. ro) . The epithelial cells are interconnected by interdigitations of th e plasma membrane. They re:;t on a basal lamina confluent
with the capsule of the testis. In all specimens examined the lumen of the seminal ves~cle was
fi.lled with sperm. On the outer surface of the basal lamina fine, parallel slips of circular muscle
occur along all but the most anterior portion of this strncture (Fig. ro) . A, I and Z bands were
not distinguishable in these slips. The anterior end of the seminal vesicle tapers and the lumen
appears thinly sclerotizecl at the point of entry into the bulbous base of the aedeagus.
The sclerotizecl aedeagus is 24.2 ± 0.9 µ.m long (20 specimens) with a lumen cliameter of
2 µ.m in the ba3al portion. Sperm in the proximal end of a-:: deagus appear slightly compressed
and pass through in single fi.le. This inclicates that sperm are introduced individually into the
female genital tract, and not in the form of a spermatophore. The distal half of the aecleagus
is split longitudinally into two components. A solid shaft, taperiP.g to a fine point, is partially
encompassed on its ventral sicle by a trough-shaped sheath (Fig. r9). When the aecleagm is
withdrawn into the podosoma, the shaft and sheath are closely apposed, thereby preventing
passage of sperm. \~Then it is protruded, presumably the functional position, these two components.
diverge slightly so that sperm may pass betwecn them.
The male reproductive tract opens as a 10:1gitudinal slit, s µ.m long, in a raisecl portion of
the dorsal podosoma. Two pairs of highly modified, tubercle-like setae are associated with the
aedeagal opening (see DESCH and NUTTING, r972).

Co11iparative observations.
The basic anatomy of the male reproductive system is the same in the other species examined ..
In Demodex canis the testis is 28 fl.m long by 20 µ.m wide, and the seminal vesicle is r3 µ.m long
by r2 µ.m wide. The testis of D. caprae is considerably larger, SS µ.m long by 30 µ.m wicle, and
contains many more developing sperm than either D. follicitlorimi or D . cani::;. Its serhinal
vesicle m easures 20 µ.m long by rs µ.m wide. The epithelial lining of the lumen is S µ.m thick
Demodex antechini possesses an even larger testis, 7S µ.m long by 20 µ.m wide, with a proportionately greater population of developing sperm. In addition to its size, it d.iffers significantly
from the other three species in having two distinct foci of sperm differentiation. One is located
at the posterior end of the testis and the other is an anterior extension lying ventral to the seminal
vesicle (Fig. rs). These immature cells, as well as those of D. caprae, contain small, dark-staining
nuclei possibly indicating mitotic activity. Cells with large, pale nuclei, comparable to the
most immature sperm seen in D. jollicitlorum, lie in the center of the testis. The seminal vesicle
of D. antechini is r7 µ.m long by IO µ.m wide, and is ringed by muscle slips. The testis joins.
directly to the seminal vesicle.
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IV : n) Frontal sectiJ:1 of Demode,v folliculorum. The ovary (0) lies directly behing the sperm storage
area (SSA) in a non-gravid female . 01 = ant~rior opisthosomal muscle ar:d Va = sclerotized lining of
vagina. x 250; 12) F;o.:i.bl s~ctin of D3nt'J :lex fo!licu!orum. L'trge g.·anules (arrow) lie in the cells
of the sperm storage area. Sperm (S) fil! the lumen of the sperm storage area. Numerous mitochondria
(M) fi.li the peripheral ooplasm of developing oocyte . Va = sclerotized lining of vagina. X 250 ; 13)
Frontal section of gravid Demodex caprae. Large granules (arrows) lie in the cells of the sperm storage
area. Sperm (S) fi]] the lumen of the sperm storagearea. X 640 ; 14) Lateral view of gravid Demodex
folliculorum. Mature ovum (Oo) nearly fi.lis the anterior half of the opisthosoma. X 200. Insert :
Oviposited egg of Demodex folliculoruin . X 200.
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The numbers of sperm seen in the reproductive tract of an inseminated female is rather
çonstant for a particular species. This number may be related to the size and the cell population
of the testis in the male of that species. In Demodex folliculorum and D. canis only roto 15 sperm
are seen in the female; in D. caprae about 20 to 30 and in D . antechini usually over roo. On the
other hand, these numbers may reflect the sperm holding capacity of the female. The sperm
storage area of the female genital tract is very long in D. antechini and short in the other species.
It is not known if sperm are introduced by a single or by multiple inseminations. It is also not
known if the unused sperm are forced out of the female genital tract and lost during oviposition.
The anatomy of the female genital canal in D. antechini indicates that this is possible.

PLATE V : 15) Electron micrograph of nuclear region of la rge oocyte in genital tract of Demodex folliculorum.
Parallel cisternae of rough endoplasmic reticulum (ER) lie in ooplasm between the yolk body (Y) region
and the germinal v .esicle (GV). Vesicbs of medium density (arrows) may represent forming yolk bodies.
Numerous nuclear pores (NP) perfora te the nuclear envelope. CV = clear vesicles and Nu = nucleolus.
X 6350.
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DISCUSSION .
HrnsT (1919) was the first to describe the position and nature of the male genital orifice
and the aedeagus. The fine transverse striation on the aedeagus reported by him were not
observed during this study. He considered the dorsal podosomal setae to represent the openings
of glands within the podosoma. LOMBARDINI (1942) also felt they were openings, but were
associated with the male sexual apparatus. He noted " ... little canal starting at one of the above
mentioned openings, which continues and was lost in the region of the penis. " This " little
canal" may have been a nerve fi.ber running to one of the dorsal setae. More recently, NUTTING
and RAUCH (1958) have recognized these as highly modified setae. They correspond in number
and in general position to the setae around the male genital orifice in the closely related psorergatids and myobiids.
NuTTING (1950) briefly discussed the non-sclerotized portions of the male reproductive
tract in Demodex caprae. The accessory glands associated with the seminal vesicle reported by
him were not observ~d. BAKER (1969) refers to the seminal vesicle as the vas deferens in D. canis.
Although sperm in the seminal vesicle of Demodex folliculorum are morphologically identical
with those present in the female genital tract, further work is needed to determine if these represent mature sperm or if they undergo capacitation as reported in Dermacentor occidentalis (OLIVER
and BRINTON, 1973)., Sperm were not observed within eggs.
FEMALE :
The female reproductive tract is an unpaired system composed of four distinct regions
(1) a vagina, (2) an area of sperm storage or seminal receptacle, (3) an area of oocyte growth,
or uterus, and (4) t~e ovary.
The sclerotized lining of the vagina extends IO µm dorsally from the vulva to a point just
beneath the ventral surface of the synganglion. The lateral walls of the vagina are compressed
tightly together.
Behind the vagina the genital tract loses its sclerotized lini:oig and expands to a width of
22 µm. This is the sperm storage area (Figs. II, 12). A single layer of thick (5 to 6 µm), cuboidal
cells form the wall of this seminal receptacle. The cytoplasm is pale with small, deep-staining
granules and a few clear vacuoles (Fig. II) . The nuclei are nearly round, measure 2 µmin diameter
and contain a peripherally situated nucleolus. During vitellogenesis in the oocyte, each of the
cells in this area is seen to contain one or two large, dark-staining granules (Fig. 12). Initially
each granule is round with an irregular halo of lighter-staining material. As the oocyte grows
the granules become homogeneously dark-staining and increase in size up to 7.5 µm long by 4 µm
wicle. In paraffin sections stainecl with Harris' or Ehrlich's hematoxylin and eosin the granules
vary in color from magenta to pink, depending on the intensity of the hematoxylin stain. In
these preparations they are sometimes surrounded by a clear halo which is probably a fixation
artifact. The fate of the large granules is unknown ; they have never been observed other than
within these cells. Whether sperm are present or not, the seminal receptacle walls are compressed
together and there is no appreciable lumen.
Oocyte growth occurs within the uterus between the sperm storage arca and the ovary.
The wall of the uterus is composed of a single cell layer. The cells are thin and lack the blue
staining granules found in the cells of the sperm storage area. During initial growth of an oocyte
the uterus is short in length. As the oocyte continues to enlarge the walls are distended and
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pulled taut so that the cells of the uterus surrounding a full sized oocyte are stretched very thin.
Such a late stage egg pre,;ses against the posterior face of the synganglion between the lateral
lobes and extends forward over it. thu,; depressing it ventracl. The posterior bilobed nature
of the synganglion may represent a morphological adaptation to accomodate oocyte growth
with a minimum of distortion. The Type I gut cells are compressed against the roof of the
opisthosoma and the ovary is displaced posteriacl. Distortion also occurs in the sperm storage area.
The ovary, located at the end of the uterus, appears to be composed entirely of previtellogenic oocytes of approximately equal size and, possibly, oogonia (Fig. rr). The total ova population per female counted in seven paraffin sectioned specimens ranged from 14 to 21 (average
= 17). It is not known if death of the female occurs p:;:-ior to exhaustion of her supply of ova
or if limited mitotic activity in the ovary maintains the population of oocytes within the range
observed. Mitosis has not been 00 3ervecl in the ovary of adult Demodex follicitlorimi; however,
it has been infrequently seen in acetc-:::ircein stained D. caprae. The ooplasm is highly basophilie
and contains mitochondria scattered throughout. Yolk deposition is not evident in these cells.
The round nuclei are relc:1tively large (2 to 3 µ.m) and contain a large, acentrically located nucleolus
(Fig. rr). Intercellular bridges between oocytes, as occuring in Dermacentor andersoni (BRINTON, 1971), were not observed in this material.
Vitellogenesis proceeds in one oocyte at a time. As the oocyte grows it is segregated from
the rest of the ovarian m'.lss and cornes to lie in the posterior, thin-walled portion of the uterus.
Yolk bodies increase in size up to 3 µ.m and in number until the oocyte nearly fi.Ils the anterior
half of the opisthosoma, displacing the organs which normally occupy this region. In thick
plastic sections stained with Richardson's stain, the yolk bodies vary within an oocyte from
medium to dark blue. The periphery of individual yolk bodies may stain more intensely than
the center (Fig. 12). In hematoxylin-eosin stained paraffin sections, all yolk bodies within an
oocyte stain with equal intensity. The color varies among preparations from pink to light
magenta. At the level of ultrastructure the yolk bodies are seen to be membrane bounded and
range in shape from spherical to elongate (Fig. 15). A majority of the yolk bodies in half to full
size oocytes exhibit a bipartite nature. A dense core of homogeneous, finely granular yolk is
surrounded by an irregular layer of very dense, paracrystalline-like material.
As the oocyte grows the germinal vesicle enlarges until it measures ro µ.m in diameter in
the full size egg. The nucleoplasm is homogeneous and pale with a nearly central nucleolus,
4 µ.m in diameter. In paraffin sections, the nucleolus often contains one to four clear vacuoles.
Electron micrographs show the nuclear envelope to be perforated by numerous, closely spaced
nuclear pores (Fig. 15). A narrow band of perinuclear ooplasm in the nearly full size oocyte
contains rough endoplasmic reticulum and numerous clusters of free ribosomes. Ooplasm,
relatively devoid of dense yolk bodies, surrounds the periphery of the oocyte to a depth of r to 3 µ.m.
This region contains numerous free ribosomes, and many small, oval mitochondria. Nearly all
the mitochondria of large oocytes lie in the peripheral ooplasm. The remaining area between
these two zones is filled with large numbers of yolk bodies.
Nutritive cells, as in the related Tetranychits telariits (Blauvelt, 1945), and "fat body nurse
cells, " as in the eriophyid, Aceria titlipae (Withmoyer, et al., 1972), are not seen in Demodex
jollicitlorimi or any other species of Demodex so far examined.
The chorion attains its maximum thickness before the egg leaves the uterus. The chorion
contains chitin (STROMBERG and NuTTING, 1972) and under phase contrast microscopy it has
optical properties similar to the exoskeleton of subsequent life stages. The chorion stains very
intensely in thick plastic sections. The oolemma is smooth in contour without involutions or
microvilli.
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Comparative observations.
The genital canal in Demodex caprae runs back from the vulva at a 20 to 300 angle (Fig. 12) .
At the time a previtellogenic oocyte enters the uterus the sperm storage area is 12 µm wide. It
increases to 25 µm wide when the oocyte attains its maximum size (Fig. 13). The hypertrophy
is due, in part, to formation and enlargement of eosinophilic granules within the cells of the wall
of the sperm storage area as described in D . folliculorimi. At this stage the sperm storage area
becomes lobulated in appearance. The length, 20 µm, remains constant. Sperm may be present
in the lumen at any stage of oocyte growth. In D. antechini the sperm storage area is 55 µm
long (Fig. 24). When sperm are absent and the uterus is without a vitellogenic oocyte, it is only
3 to 4 µm wide. With the introduction of sperm it increases to 6 to 8 µm in width. Usually
hundreds of sperm completely fi.Il the lumen of the sperm storage area along its entire length·
However, if only partially full they lie at the posterior end adjacent to the uterus. The formation
of large (3 µm), intracytoplasmic granules concomitant with la te stages of oocyte growth increase
its width in the posterior portion to I I to 13 µm.
The uterus of Demodex caprae is situated in a direct line between the ovary and the sperm
storage area (Fig. 12). When a growing oocyte is not present it measures 25 to 30 µm long and
6 µm wide. The cytoplasm is homogeneously basophilie and the nuclei are smaller than those
of the sperm storage area. In D. antechini the uterus lies over the ovary. Oocyte growth in
this species causes expansion of the dorsal and lateral walls (Fig. 24) .
The avaries of Demodex caprae and D. antechini differ from that of D. jolliculoritm in that
they contain oocytes of varying sizes (Figs. 12, 24). Two to four previtellogenic oocytes are
always larger than the others, and these are of graded sizes. Increased nuclear and nucleolar
dimensions are also refiected in the increased cell size. The anterodorsal-most oocyte (i.e., the
next in line to enter the uterus) is the largest. All cells within the ovary of both species are
intensely basophilie. The cell population in the ovary of D. caprae varies from 13 to 22 (counted
in 7 specimens, average = 16.1) ; in D. antechini I I to 20 (counted in 16 specimens, average =
15.9).
In hematoxylin-eosin preparation, yolk material in both species exhibits staining properties
similar to that in Demodex folliculoritm . In D. caprae yolk bodies are 2.5 µm in diameter; in
D. antechini they are extremely small and numerous, giving the ooplasm a granular appearance
IMMATURES :

The reproductive system in immatures of both sexes is limited to a compact mass of gonaclal
tissue situated midventrally against the body wall behind the synganglion (Fig. 5) . The gonad
first appears as a cluster of basophilie cells in the developing protonymph (or nymph, as in Demodex antechini) within the larval exoskeleton. In the nymphal stage it is possible to distinguish
the sexes by the fact that the gonad of the males contains many more cells and is larger than
the gonad of the female.

Functional considerations.
A mature ovum within a female possesses the same shape and dimensions as an oviposited
one (Fig. 14 and inset). Assuming maximum dilation of the vulva during oviposition the ro5 µm
long by 42 µm wide egg of Demodex folliculoritm must squeeze through a circular opening 9 µm
in diameter. This act necessitates considerable fiexibility and resiliency in the chorion in order
for it to assume its preovipositional form once it has been released from the female. The
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female genital canal lacks intrinsic musculature; therefore, the process of oviposition is carried
out by the combined action of the lateral opisthosomal muscles, the opisthosomal-genital muscles
and, possibly, the podosomalopisthosomal muscles.
Sperm entry into the egg was not observed during this study, but because the egg lacks
a micropyle, as in the genus Tetranychits (SMITH and BoUDREAUX, 1972) fertilization must occur
prior to cuticular envelope formation. The male pronucleus has not been detected within the
oocyte. The abundant yolk material may obscure it from view. Maturation divisions of the
oocyte are believed to take place while it is within the uterus. A number of observations support
this suggestion: (1) of the thousands of Demodex caprae examined as whole mounts and in sections,
germinal vesicle stage eggs were never seen outside the female ; (2) infrequently, in both D. caprae
and D. follicitlorum, gravid females were noted with eggs lacking a germinal vesicle (i .e., germinal
vesicle breakdown had occurred) ; and (3) on one occasion chromosomes associated with a spindle
apparatus, probably representing a meiotic division, were observed in the posterior of an egg
in the uterus of D. caprae. The interna! organs of this female specimen were intact and did
not exhibit any signs of degeneration . Twice D. caprae females were noted to contain advanced
embryos, but in both instances the adult organs were in disarray. The females probably died
prior to oviposition and embryo-genesis commenced within the moribund female. Likewise,
two female D. canis have been found to contain embryos with sclerotized larval structures.
However, the condition of the interna! organs could not be determined in these specimens. These
observations lend support to the assumption that pronudear fusion occurs in Demodex spp.
before oviposition.
DISCUSSION.
Lo:MBARDINI (1942) observed two small sacs, which he called genital glands, along the female
genital canal of Demodex phylloides. Besides a possible secretory fonction, NUTTING (1950)
recognized this expanded area of the canal in D. caprae as the seminal receptable (= sperm
storage area). However, he thought the large granules within the cells of the sperm storage
area, as described above, were spermatophores. Because oocyte growth occurs in the genital
canal between the sperm storage area and the ovary, the term uterus (see KRANTZ, 1970) may
be more appropriate for this region than the term oviduct as used heretofore (Lü:MBARDINI,
1942; NUTTING, 1950; BAKER, 1969).
The previtellogenic growth of certain oocytes in the ovary prior to entry into the uterus as
noted by NUTTING (1950) in Demodex caprae is confirmed in this study as well as the basophilie
nature of the oocytes. Oocytes of varying sizes are also found in the ovary of D. antechini, but
not in D. folliculorimi. BAKER (1969), likewise, has observed this in D. canis . In addition,
BAKER (1969) counted only 6-7 cells in the ovary. The ovaries of the three species described
above con tain at least twice this number of cells.
Although Lo:MBARDINI's (1942) photomicrograph is unclear, he indicates a female Demodex
phylloides with two eggs in the oviduct (= uterus). A similar phenomenon has been noted only
twice during this study (both in D. caprae) : once in a female cultured for 48 hrs. on the chorioallantoic membrane of a chick (DESCH, 1968) and once in a specimen taken directly from a papule
on the host. In both instances, the larger, anterior egg appeared to be in a degenerative state.
The excretory crystals, described above under "Digestive system", do not lie within the
ovary as suggested by NUTTING (1950) and were never seen in a preovipositional egg.
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HABITAT
Since our report in r972, several studies (e.g., NuTTING and GREEN, r974) and further observations in our laboratory, have confirmed that Demodex follicitlorimi is usually found, in all
stages, in the hair follicle above the level of the sebaceous duct. Ova show no consistent orientation, but all other stages are positioned with gnathosoma proximal and ventral surface toward
the follicular epithelium - the long axis of the mite paralleling the long axis of the hair or hair
follicle . In sectioned material we have found usually more than one and as many as r8 mites in each
infested follicle. Under crowded conditions (i.e., 6 or more mites per haïr follicle), which leads
to distention of the follicle, some of the mites, although oriented as above, lie adjacent to other
mites but not in contact with the follicular epithelium. Individuals against the epithelium are
apparently harvesting epithelial cells (NuTTING and GREEN, r976). No consistent pattern of
stage distribution in the hair follicle has otherwise been determined.
In contrast to Demodex follicitlorimi, D. brevis (Desch and Nutting, r972 ; Nutting and Green,
r976) is an inhabitant of the sebaceous glands, more solitary (maximum noted of 3 mites per
lobe of gland) and only rarely found in the haïr follicle.
NoRN (r970) has recovered "Demodex follicitlorwm" on the skin surface of the face during
the daytime. The stimulus for such movement from the follicle is unknown, although must
be operable for transference between hosts or movement to new loci on the same host.

SYNOPSIS
De11iodex folliculorimi is an obligate parasite for all stages of its life cycle. It is highly adapted
for life in the hair follicles of Homo sapiens, although remarkably simplified in comparison to freeliving acarines. Ova are arrowhead-shaped, whereas, larvae, protonymphs, nymphs and adults
are fusiform. The gnathosoma (including palps, cheliceral stylets and stomodeum), esophagus,
salivary glands, gut cells with intracellular "waste " granules and synganglion develop in typical
acarine fashion prior to hatching. Larvae are apparently capable of puncturing cells of the
follicular epithelium and ingesting cell contents as soon as they emerge from the chorion. Podosomal appendages, at this stage, are ill-suited for locomotion. They are weak, clawed stubs
with only two small muscles. Despite the contention of SPICIŒTT (r96r), nymphal (and protonymphal) stages, with more prominent legs, are probably not transfer stages because they are,
-also, relatively weak-muscled. For all three immature stages, legs and epimeral scutes are
undoubtedly merely holdfast structures serving to secure these stages in the hair follicle during
feeding.
Legs of immatures of D. caprae and D. bovis, which live in enclosed papules in the host skin,
-are extremely reduced and lack leg musculature. De11iodex longissimus inhabits the main duct
of the large Meibomian gland of each eyelid of the bat, Carollia perspicillata. Immatures of this
-species, with moderate sized legs, possess an enormous holdfast claw on each of legs III ranging
·from 90 µm long in the larva to r96 µm in the nymph.
Immature stages lack an opisthosomal organ and, as in the adults, the gut is blind.
Immature stages and adults have a non-porous, thin exoskeleton with typical epi-, exoand endocuticular layers secreted by the epidermis. Moulting occurs between larval, protonymphal and nymphal to imago stages with little change in the thickness of the moulted exoskeleton .
.Palpal spines rip an irregular hole in the gnathosomal region of the moulted exoskeleton through
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normal flow of sebum.
The cheliceral stylets, two simple sharp tines, may also be used in the moulting process.
Their prime fonction, however, would seem to be to lance host cells. IVIuscles capable of thrusting
the stylets forward and withdrawing them are located within the gnathosoma. Secretions from
the paired salivary glands are probably usefol in processing and maintaining the host cell cytoplasm in proper consistency for ingestion.
The two distal segments of the palps are strongly muscled. These and the entire coxal
portion of the gnathosoma, which is flexed and extended by large muscles originating on the
dorsal podosoma, can move the entire body.
As noted above, the legs of the immatures are more holdfast than ambulatory in fonction.
Adult appendages consist of three movable segments and a non-movable coxa. The distal segment
·of each leg possesses two prominent claws. A solenidion, presumably sensory in nature, is present
on legs I and II. The eight podosomal legs, with their intrinsic muscle system, are effective
propellents, and the arrangement of the muscles plus observations of living specimens indicate
that forward body movement is predominant. The imago is the most likely stage of intra- and
interhost transfer.
The podosoma of the male contains, in dorsal aspect, a sheathed aedeagus, a genital atrium
and two pairs of podosomal tubercles. These highly modified setae are also present in the female
but are smaller. Fine fingerprint-like inscriptions appear on the dorsum of the podosoma of
both sexes. The seminal vesicle lies against the dorsal surface of the synganglion between its
two posterior lobes. The sperm are forced into the aedeagus by the action of fine bands of circular
muscles around the seminal vesicle. The testis is joined to the seminal vesicle by a short duct
and is tightly packed with numerous developing spermatids. IVIuscle bands are not found around
the testis.
In the female the longitudinally slit-like vulva opens ventrally and is partially embraced
by coxae (epimera) IV. IVIuscles running from the lateral opisthosomal exoskeleton to margins
of the vulva lips, as well as two other sets of lateral opisthosomal muscles, probably aid in egg
expulsion. These are not present in the male. A blind, sclerotized tube, the opisthosomal organ,
of unknown fonction, runs posteriorly from its external opening at ca. r3 µm from the tip of the
opisthosoma. The opisthosoma is markedly annulate in both sexes.
The mouth opens ventral to the cheliceral stylets in the preoral cavity. A short food canal
extends to a muscular pharyngeal pump. From this, the long slender sclerotized esophagus
passes through the synganglion and terminates as a short, expanding cone among the large type I
cells of the midgut. The type I gut cells contain stored crystalline waste products. A second
kind of gut cell, type II, lies directly posterior to and firmly abutting the type I cells. Type II
cells number ca. ro, and contain numerous mitochondria and lipid droplets. The opisthosomal
organ of the female is surrounded by these cells.
The large, posteriorly bilobed synganglion has a central neuropile, no glial cells, and a cortex
with numerous neuronal cell nuclei. Nerve trunks and axons from the synganglion have not
been traced. Cells involved in a neurosecretory system were not discovered. Solenidia on legs I
:and II, supracoxal spines, subgnathosomal setae and dorsal podosomal tubercles are the only,
:apparent, sensory structures possessed by these mites.
In all respects, when compared with such a complex free-living mite as Tetranychus telarius
(see BLAUVELT, 1945), Demodex folliculorum is markedly simplified in keeping with its dependent
role as a parasite occupying a niche in the haïr follicle of Homo sapiens.
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