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Investigation of various ontogenetic stages of
Raillietiella sp. (Pentastomida: Cephalobaenida):
Survey of gland systems’

S. STENDER-SEIDEL & W. BOCKELER

Abstract: This study presents a survey of the gland systems occurring during the development of the pentastomid
Raillietiella sp. in small lizards (Hemidactylus frenatus). For the first time, a general outlook of all glands of a pentas-
tomid genus is presented. Ten different gland systems, including three new ones and one that has been redetected,
are reported. The glands consist of cells belonging to class one and three according to the classification of NOIROT
& QUENNEDY (1974). Class three gland cells show significant similarities. A comparison of the complete glandular
equipment of Raillietiella sp. with other pentastomid species has revealed a fundamental conformity and a generalized
gland equipment of extant pentastomids is proposed. Furthermore, the hypothetical gland equipment of a pentasto-

mid archetype has been deduced.

Key words: gland systems, Pentastomida, development, dorsal organ, Raillietiella, ulcrastructure, ontogeny.

Introduction

The Pentastomids (tongue-worms), a poorly defined
taxon, include about 120 species. All recent species are
vermiform parasites and obtain nourishment by injesting
blood from the respiratory systems and air sacs of sea
birds and reptiles or by feeding on mucus and sloughed
cells in the nasopharyngeal cavity of mammals. The
length of the females range from 20 to 160 mm (e.g. Ar-
millifer armillatus) and thus Pentastomids belong to the
largest endo-parasites within the arthropods. Definitive
hosts of Pentastomida are usually reptiles, about 70 % of
which are snakes. Intermediate hosts here are inverte-
brates (e.g. in Raillietiella) and vertebrates of all classes,
except birds. Within the intermediate host, larvae beco-
me encapsulated and, after moulting, develop into the
infective 4th larval stage.

Pentastomids are devoid of a circulatory system and
of pronounced excretory organs. However, their secreto-
ry system is characterized by the number and size of
glands in all developmental stages and is regarded as a
fundamental feature of this animal group (LEUCKART
1860, STORCH 1993).

The porocephalid studies of BANAJA et al. 1977, AM-
BROSE & RILEY 1988, 1989, JoNEs & RILEY 1991, RiLEY

1992 supply us with important information concerning
the ultra structure and function of some of these glands.
Investigations on the ontogeny of single glands from
porocephalids are very rare. STILES (1891) has investigat-
ed various larval stages and adults from Porocephalus
clavatus. AMBROSE & RILEY (1988) have studied the de-
velopment of single glands from Porocephalus crotali.

The anatomy of the glands of cephalobaenids is ob-
scure, although some studies have been published
(DouceT 1965, BOCKELER 1982, 1984a, b, BANAJA et al.
1977, RILEY et al. 19733, 1979). The total number of
glands, their position and the time of their development
during ontogeny remains unknown.

Nevertheless, these publications make clear that we
can expect the development of the glandular system to
be complex. The dynamics of their equipment and posi-
tion during ontogenesis is not well understood and de-
mands thorough investigation. A complete survey of the
gland ontogeny of Raillietiella sp. is therefore presented
here for the first time and is based on the thesis of STEN-
DER-SEIDEL 1995. Furthermore, investigations on Railli-
etiella boulengeri, Reighardia stemae, Cephalobaena tetrapo-
da, Sutriquetra subtriquetra and Porocephalus crotali are in-
cluded. The introduction of a defined topographical out-
line and the comparison of previous results demands a
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Fig. 1 a-d: a: Schematical
drawing of a single secretory
lobule consisting of class three
(simplified and not to scale).
Several gland types of
Raillietiella sp. Consist of
numerous lobules. The number
of lobules and the number of
secretory cells varies according
to age and gland type.

b: Embryonic gland: Median
section of embryo, stage 4;
gland cells surround a pear
shaped hollow. The apical neck
region has a circular, extra
cellular supporting collar,
secreted by the embryonic
gland cell. The basal cells with
numerous microvilli secrete the
second layer of the embryonic

envelope. The electron dense
secretion (s) containing lipid
droplets at the zona radiata
interna are shed between the
blastoderm cuticle and the zi.
The beginning disintegration of
the embryonic gland is marked
by an extracellular layer on the
micrivilli. Cells with numerous
vacuoles surround the
secretory cells of the
embryonic gland. Bar 2 pm.

c: lonical gland. Median
section of an adult Raillietid,
typically existing of several
modified epidermal cells.

Bar 1 um; see text.

d: Hypodermal gland Median section of a moulting juvenile Raillietid. Bar 1p

During the molt a cilium projects from the cytoplasm of the gland through the
extracellular space beneath the cuticle. a extracellular annulus; be blastoderm cuticle;
bl basement membrane; c cuticle; cc cast cuticle; ci cilium; d duct; e interdigitating
cells; ek extracellular collecting system; es supporting collar; go Golgi body; gr
extracellular layer; i intercalary cell; k canal cell; la lamellar apparatus; li lipid
droplets; m mitichondria; mc mitochondria; mv microvilli; n nucleus; p extracellular
porecap; pi periphery invaginations; r free ribosomes; s secretory droplets; se secretory
region; sER smooth endoplasmic reticulum; sy synthesising region; v vacuoles; ze zona
radiata externa; zi zona radiata interna of the oocyte.

new nomenclature of the glands. Single definitions of
gland names, the integration of synonyms, the ultra
structural description of single glands, a comparison with
glands from various species and the material and meth-
ods are as published in STENDER-SEIDEL & THOMAS 1997;
STENDER-SEIDEL et al. 1997a, b, 1999 and 2000.

Material and methods

The various ontogenetic stages were obtained by
means of a laboratory model (BoscH 1985, THOMAS &
STENDER-SEIDEL 1996). They were studied by light- and
electron microscopy (for further details, see STENDER-
SEIDEL et al. 1997a).
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Results

During ontogeny, the gland systems change continu-
ously according to their tasks: these changes involve the
equipment with glands, the number of gland cells be-
longing to one gland, and their size and physiology. The
position of the glands in the organism likewise changes.

One characteristic of the gland systems of Raillietiella
is that glands, once having arisen in one stage, remain
during the following stages. Exceptions are the embryon-
ic dorsal organ and, possibly, the hypodermal gland cells
and suboral gland. Consequently, the number of glands
increases during ontogeny.

Glands consist of gland cells belonging to class one
or class three (Fig. 1) according to the classification of
NOIROT & QUENNEDEY (1974).
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The dorsal organ, ionical glands and hypodermal
gland cells are composed of class one gland cells. The ul-
tra structure of these glands is unique (STENDER-SEIDEL
1995, STENDER-SEIDEL et al. 1997a; 1999).

The frontal gland, suboral gland, tongue gland, hook
glands, buccal gland, subparietal glands and accessory
genital glands are composed of class three gland cells
(STENDER-SEIDEL et al. 2000). Generally, class three
glands exhibit a large variation in structure (NOIROT &
QUENNEDEY 1974, 1991). However, the investigated Rail-
lietiella glands show significant conformity: one or more
terminal cells are connected with one intercalary cell to
which the canal cell(s) are linked. This structure is pre-
served during ontogeny. The ultrastructure of the canal
cells and intercalary cells of the different glands is uni-
form. Terminal gland cells differ in the form and struc-
ture of their secretory droplets and maturation. Usually,
they are divided into a synthe- sizing and a secreting re-
gion. The gland products are stored in vacuoles and exo-
cytotically secreted into an extra cellular collecting sys-
tem formed by terminal cell(s) and an intercalary cell,
which is continuous with the gland duct. Mitochondria
and r-ER are typical cell organelles.

Embryo, stage 3-4 (Fig. 2a)

The dorsal organ is the first gland system to arise
during the development of Raillietiella. It emerges from a
dorsal infolding of the blastoderm before the limbs, gur or
nerve system develop. lts formation and function are
closely connected to the development of the embryonic
envelope. The product of the dorsal organ extends be-
tween the blastoderm and zona radiata interna. When
this viscous layer has reached a certain size, the blasto-
derm cuticle is produced. The dorsal organ disintegrates
when the embryonic cuticle is formed and the blasto-
derm cuticle is shed.

Embryo, stage 5 (Fig. 2b)

The four dorsal terminal gland cells, which belong to
class three, are frontal and/or suboral gland cells. They
are characterized by their enormous size. Apically, they
contact the dorsal organ, dorsally the blastodermis. They
have a uniform ultra structure. At least two cranial
tongue gland cells also contact the blastodermis dorsally.
Their ultra structure differs little from the frontal/ subo-
ral gland cells. Paired ionical glands are located dorso-
laterally and cranially of the dorsal organ.

Embryo, stage 6 (Fig. 2c)

Embryos at stage six contain all the glands of primary
larvae. Differences are observed in the ultra structure of
the glands. The dorsal organ has disintegrated. Its secre-
tory cells have degenerated. The porus is closed by a bor-
dering structure of extra cellular material. Epidermal cell
branches, which secrete the cuticle at the next moult,
extend under the bordering structure.
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Fig. 2a—e: Glandular equipment of Raillietiello sp. a: Embryo stage 3-4. b:
Embryo stage 5. ¢: Embryo stage 6. d: First larva. e: Infective larva.

Changes in the embryonic envelopes are not observed
following the loss of the blastoderm cuticle. The frontal
gland lies dorsal to the distal pharynx and consists of four
terminal gland cells. Each pair is connected to one inter-
calary cell (Fig. 3, 4). One duct originates at each inter-
calary cell and proceeds to the anteriorly located penetra-
tion apparatus. The suboral gland contains two terminal
cells lateral of the frontal gland. Each cell transports the
gland product via an intercalary cell into the duct, which
empties caudally of the mouth. The tongue gland, which
lies dorsal of the mouth, is bordered by the dorsolateral
muscles. Ar least four terminal cells, two intercalary cells
i\“\j ™wo dllct‘i. “'hll._.h {:T“p'[\' onto lhl_‘ Iﬂ'ﬂg“t‘. are PTL‘&".‘“‘
in this gland. The hook glands are located at the base of
the hook-bearing limbs. They each consist of one large
terminal gland cell, one intercalary cell and a ducr that

empties ventrally at each limb base.

Paired ionical glands are found dorsolaterally ar the
base of the first limb. They are located between the hook
glands of the first hooks and the frontal gland. Laterally,
they are bordered by dorsolateral muscles. The typical
three elements of the central cell, an extra cellular pore

lonical gland
Hypodermal gland call
Subpanetal gland

Buccal armature
Genital pore
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Fig. 3: a: Juvenile of Raillietiella sp., distribution of gland cells, and intercalary
cells; position and course of gland ducts. The gland duct is connected via one
intercalary cell (circle) with one or more secreting cells. Adult: b: Male of
Raillietiella sp., distribution of gland cells, and intercalary cells; position and course
of gland ducts. The gland duct is connected via one intercalary cell (circle] with one
or more secreting cells. c: Female. F frontal gland cell; H hook gland cell; lo ionical
gland; S suboral gland cell; Z tongue gland cell; *hypodermal gland cell; h hook; ms
midgut; m buccal armature; pa penetration apparatus; Bar: 50um.
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cap with annulus, the lamellar apparatus and perinuclear
region, are recognizable. However, ultra-structural inves-
tigations show that they are not yet mature at this onto-
generic stage.

First (= Primary) larvae (L) (Fig. 2d, 3a)

Primary larvae infest the arthropod intermediate
host. They migrate and penetrate host tissue by means of
their penetration apparatus.

The dorsal organ has disintegrated. Only the posi-
tion of the characteristic cells in connection with a sig-
nificant dorsal border structure near the first hooks is
reminiscent of the former dorsal organ. The frontal
gland includes four significant large gland cells, which
are arranged with bilateral symmetry. They are located
dorsally between the hook pairs. Each pair is connected

to an intercalary cell. One duct originates at each inter-
calary cell and proceeds to the anteriorly located pene-
tration apparatus. The suboral gland consists of two ter-
minal gland cells, localized lateral to the frontal gland.
They are arranged with bilateral symmetry. Each cell 1s
linked to an intercalary cell. The ducts proceed close to
the frontal gland ducts up to the first hooks. There, they
bend ventrally and discharge into the mouth caudally.
The tongue gland is located dorsal of the mouth, the
pharynx and the oesophagus and contacts the frontal
gland. The dorsoventral muscles and hook glands of the
first hooks lie laterally, whereas the haemolymph and
epidermal cells are found dorsally. The gland consists of
six uniform terminal cells, grouped into threes connect-
ed by an intercalary cell. At this stage, the intercalary
cells are located with bilateral symmetry next to the
pharynx. Two ducts proceed between the tongue gland
and foregut. At the mouth ring, the ducts bend ventrally
and approach each other. They proceed side by side to
the tip of the tongue, separate again and empty laterally
into an opening at the base of a sensillum. The hook
glands of the first and second hooks lie at the base of the
hook-bearing limbs. They can be recognised as being as-
sociated with the hooks even at the light-microscopic
level. In each of them one rerminal cell encloses one in-
tercalary sac-like cell, which is connected with the duct
cell(s). The ducts empty ventral to each limb base. The
ionical glands mature during this stage. Whereas speci-
mens possessing embryonic central cells without distinct
microvilli can be observed, specimens possessing ionical
glands with microvilli have also been found. The two
ionical glands lie dorsolateral of the first hook base. They
contact the hook glands.

Infective (= L IV) Larvae (Fig. 2e, 3b)

Infective larvae infest the final host. They are tissue-
migrating stages. Their gland systems resemble those of
embryos at stage six and primary larvae. Additionally,
they have hypodermal gland cells.

The gland cells grow concurrently with the intense
extension of the larvae. In some glands, the number of
terminal cells increases. Fragments of the dorsal organ
are no longer observed. The frontal gland dominares
with respect to cell number and size. The number of api-
cal-emprying ducts doubles to four. The suboral gland
cells increase in size. Compared with L, the number of
terminal cells and ducts remains constant. The tongue
gland increases in volume remarkably. Although the cell
number is constant, the terminal cells grow in size. One
subunit of three terminal cells with one intercalary cell
occupies the cranial region, while the second subunit
shifts caudally. The hook gland ducts empty into the
newly developed hook pits. The number of subunits and
the size of the terminal gland cells increase. Two termi-
nal cells are now connected with one intercalary cell.
The number of ionical glands increases. They are dis-




tributed with bilateral symmetry. Their ultra structure re-
sembles the mature ionical glands of the primary larvae.
Embryonic structures are not observed. The hypodermal
gland cells may be overlooked, even by electron-micro-
scapic investigation, because of their relatively small size.
In this study, they have been observed near the frontal
papillae and lie apically of the first ganglion, caudally of
the mouth. Associations with other cell types or struc-
tures have not been seen. The hypodermal cell is con-
nected via a small collar to the cuticle. Basally, it lies be-
neath the hypodermal cells. The cytoplasm contains
many secretory vacuoles.

Juvenile raillietiellids (Fig. 3a)

In juvenile and even in adult Raillietiellids, the iden-
tification of gland cells is extremely difficult because of
the large number of different terminal gland cells, which
are closely packed. Only the combination of light- and
electron-microscopic investigation in connection with
the knowledge of the larval gland systems has allowed
the definitive identification of the gland cells.

Juvenile Raillietiellids are characterized by growth
and moults. Their altered life conditions and the start of
their development into the sexually mature stage result
in complex modifications of the gland systems. The
frontal gland empties with four ducts near the frontal
papilla. The terminal cells cannot be identified. The
suboral gland cannot be identified. Its existence remains
obscure. The tongue gland is unchanged in its position
and cell number. The course of the ducts between the
tongue muscles is constant but the pore of the ducts
shifts caudally to the distal pharynx. The hook glands re-
tain their position at the hook base. The number of sub-
units increases. Each subunit consists of at least two ter-
minal gland cells, which are connected to an intercalary
cell. Single ducts empty into the hook pits; common col-
lecting ducts are not observed. lonical glands occur in a
large number at the apical region, near the mouth and
the lobi parapodiales. The abdomen is divided into two
regions: the cranial region is equipped with annular ion-
ical glands, which are associated with subparietal glands.
The caudal region shows no ionical glands. The con-
necting region is divided into two parts: caudally, we
have observed subparietal glands only, whereas cranially,
we have found subparietal glands and immature ionical
glands. As a rule, ionical glands develop near to the duct
pores of the subparietal glands. The hypodermal gland
cells are paired. Two cells lie close to each other, ven-
trally near the middle, caudally of the mouth and cra-
nially of the first ganglion. The existence of further cells
in the anterior region, as observed in the infective larvae,
is highly likely. The buccal gland develops in these
blood-sucking stages. It consists of a number of sub-units,
in which three terminal cells are linked to one inter-
calary cell. The size of the terminal cells, the number of
the subunits and consequently the number of ducts in-

crease during ontogeny. The single ducts proceed dorso-
laterally in two bands to the buccal cavity and empty an-
teriorly of the dorsally inserted tongue. The subparietal
glands are present in small numbers. They are located
laterally in the anterior trunk between the longitudinal
muscles and muscles surrounding the gut. Immature sub-
parietal glands do not contain secretion vacuoles. Ducts
and intercalary cells continue to develop. Mature sub-
parietal cells are characterized by lamellar secretion.

Adults

The gland equipment of males and females is similar.
Differences are however observed in the sizes of the var-
ious glands and in the structure of the genital glands.

Males (Fig. 3b)

The frontal gland is divided into two pairs of gland
subunits. One pair lies laterally of the cardia, the other
pair is found dorsally of the accessory genital gland. Each
part consists of two uniform terminal cells, which are
linked to an intercalary cell. The four ducts proceed in
part next to the ducts of the hook glands of the first
hooks to the anterior margin of the head and empty near
the frontal papillae. The suboral gland has not been ob-
served. The tongue gland lies dorsally of the pharynx and
oesophagus. It consists of two separated subunits that lie
trifoliately one after the other. The units are composed of
three terminal cells connected to one intercalary cell.

The two ducts empty onto the tongue close to the
pharyngeal ring. The cell number and arrangement are
identical with the juvenile stages, although the size of
the terminal cells has increased. The hook glands lie at
the base of the limbs. They consist of a number of sub-
units with a uniform structure. At least two identical ter-
minal cells are linked with one intercalary cell. The
ducts proceed in bundles to the particular hook pits and
empty onto the intern lobe. The surroundings of the
hook and buccal gland cells do not allow an identifica-
tion of the glands at the light-microscopic level. Ionical
glands are irregularly distributed in the head. Numerous
ionical glands lie next to the frontal papillae, the mouth,
the genital pore and the lobi parapodiales. On the trunk,
they are distributed annularly in smaller numbers than
those observed in females. The buccal gland is the most
extensive gland. It lies cranially of the second hooks,
contacts other glands and consists of at least 15 subunits
with a characteristic structure. Three terminal cells are
connected to an intercalary cell. One of these cells dif-
fers from the other two. Ducts proceed into the buccal
cavity and empty anteriorly of the dorsally inserted
tongue. The subparietal glands are present in small num-
bers. Histological stains (Alcianblue, pH 1.0) show irreg-
ularly distributed glands, each consisting of two terminal
cells connected to one intercalary cell. The accessory
genital glands, which appear ventrolaterally of the vasa
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deferentia, form two compact cell groups. Their relative-
ly small size distinguishes them from other glands. Their
subunits consist of three terminal cells linked to one in-
tercalary cell. The ducts empty into the genital atrium.

Females (Fig. 3c)

The frontal gland consists of two pairs of gland sub-
units. Two subunits lie laterally of the cardia and two lat-
erally of the proximal midgut. Two identical terminal
cells are linked to one intercalary cell. The four single
ducts proceed cranially in two lateral strands. At the
mouth ring, they fuse into two common collecting ducts.
The suboral gland is not observed. The tongue gland is
formed of two subunits lying one after the other dorsally
of oesophagus and pharynx and ventrally of numerous
buccal gland cells. The subunit consists of three terminal
cells linked to one intercalary cell. The ducts empty on-
to the tongue near the pharynx. The hook glands lie at
the base of each limb and each consist of numerous sub-
units that contain two identical terminal cells connected
to an intercalary cell. Single ducts proceed in bundles to
the hook pits and empty on the internal lobe. lonical
glands exist in large numbers in females. They are dis-
tributed over the whole body surface. They occur irregu-
larly in the head region. The lateral lobi parapodiales
bear numerous glands, whereas none are observed on the
median lobes. Rows of regularly arranged glands are ob-
served at the annuli. They are usually associated with
subparietal glands. Various physiological stages can be
observed. Different types of ionical glands on the head
and trunk have not been observed. lonical glands occur
in ectodermic tissue of the genital system between the
pores of the accessory genital glands. Their ultra struc-
ture resembles the ionical glands of the body surface. The
buccal gland extends from the second hooks to the ante-
rior region. At least 20 subunits empty into the buccal
cavity. The subunits consist of two identical and one dif-
ferent terminal cell connected to one intercalary cell.
The subparietal glands exist in large numbers. Although
being distributed annularly in the trunk, they are spread
irregularly in the head. Two identical terminal cells are
connected to one intercalary cell. They are associated
with ionical glands. The accessory genital glands can be
identified by light- and electron-microscopic means be-
cause subunits are concentrated in two distinct complex-
es lateral to the vagina and uterus. Additionally, the
gland cells are of a relatively small size and have a char-
acteristic ultrastructure. At least three terminal cells are
connected to one intercalary cell. Single ducts empty in-
to the genital system.

Nomenclature and synonyms

The assignment of gland types that change their to-
pography during onto-genesis and their homologisation
with those in different pentastomid species is only possi-

ble if the discharging position of their ductules is defini-
tively known.

Other kinds of characterization, e.g. position (HETT
1924) and function (BANAJA et al. 1977), has in the past
led to misinterpretations.

In the following, the complete glandular equipment
of Raillietiella sp. taken from the house gecko Hemidacty-
lus frenatus will be typified. Each gland will be briefly
characterized; the new nomenclature (,original“) is in-
troduced and compared with earlier names. A list of syn-
onyms is added.

The Dorsal organ

Names:

Glandula embryonalis .................. Original
Dorsalorgan .................... HEYMONS 1926
Dorsalorgan ................... ESSLINGER 1968

Characterization: the dorsal organ, a dorsal invagination
of the blastodermis, appears only during embryogenesis.
[ts mucous product, discharged at a dorsal pore, bursts the
blastoderm cuticle and embeds the growing eggs within
the uterus. NOIROT & QUENNEDY (1974): Class one.

Synonyms:
Riickenorgan SCHUBAERT 1852 {nach STiLES 1891)
Riickenkreuz und Facette ........ LEUCKART 1860,
StiLes 1891
Riickenring ............ .. ... HEeyMoONs 1926
Dorsalorgan .................... HEYMONS 1926
dorsaleorgan .................... Doucer 1965
dorsalorgan ................... ESSLINGER 1968
The frontal gland
Names:
Glandula frontalis ....................... Original
Fronwaldriise ...................... HEYMONS 1935
Frontalgland ........................ RILEY 1973a

Characterization: The frontal gland discharges during
larval periods at the anterior region of the head and in
adults near the frontal papillae. NOIROT & (QUENNEDEY
(1974): Class three.

Synonyms:
Hakendriisen ................. LOHRMANN 1889
Kopfdriisen ..... STILES 1891, Von HAFFNER 1924,
BOCKELER 1982
head-glands .......... SPENCER 1893, HETT 1915
hook-glands .................... GiGLiotr 1923
lateral glands ...................... HetT 1924
Frontaldriise ................... HEYMONS 1935
glandulas cefdlicas ............. MoTTA 19634, b;
MoTtTa C.S. & D.C. Gowmes, 1968
glandes latérales ................. DOUCET 1965
glandes cephaliques .............. Doucer 1965
cephalicglands .......... AMBROSE & RILEY 1988




frontal glands ........ RILEY 1973a,b, 1992, RILEY,
JaMEes & Banaja 1979, AMBROSE & RiLEY 1988,
JonEs & RiLEY 1991

Suboral gland (new)

Names:

Glandula suboralis ....................... Original
Suboraldriise . ................o L Original
Suboralgland ............ .. ... .. oL Original

Characterization: In larvae, it discharges caudally of the
mouth. In juveniles and adults, its existence is obscure.
NOIROT & QUENNEDEY (1974): Class three.

Synonyms: none

Tongue gland (new)

Names:

Glandula lingualis ....................... Original
Zungendriise . ........... .o Original
Tonguegland .............. .ol Original

Characterization: The tongue gland complex is located

dorsally of the pharynx and oesophagus. Gland cells and

ductules are found in pairs and emerge directly on the

tongue. NOIROT & QUENNEDEY (1974): Class three.
Synonyms: none

Hook glands

Names:

Glandulae onychiales .. ................... Original
Hakendriise ...................... LEUCKART 1860
Hookglands ....................... SPENCER 1893

Characterization: Hook glands are complexes, associated
in pairs, each unit discharging by means of one or sever-
al efferent ductules near the corresponding hook. The
number of the glands increases during ontogenesis.
NOIROT & QUENNEDEY (1974): Class three.
Synonyms:
Hakendriise ........ LEUCKART 1860, HOYLE 1883,
LOHRMANN 1889, KULAGIN 1898, STiLES 1891,
GicLioLt 1923, Von HAFFNER 1924, HEYMONS 1935
Hook-gland ........... SPENCER 1893, HETT 1915,
RILEY 19734, RILEY, JaMES & BaNAja 1979,
AMBROSE & RILEY 1988

digestivegland .................. GiGLioL 1923
headgland ................ ... .. ... HEeTT 1924
fonical glands
Names:
Glandulae ionorum . . .................... Original
lonendriisen ................. ... Original
lonicalglands .......................... Original

Characterization: A fuctional complex of several modi-
fied epidermal cells. One or more central cells are sur-
rounded by several small peripheral cells. Each central cell

is divided into three regions: the basal region, containing
the nucleus and numerous mitochondria; the apical region
with deep foldings of the plasma membrane forming the
lamellar apparatus; and the end apparatus, composed of an
extracellular matrix. The number increases during ontoge-
ny. NOIROT & QUENNEDEY (1974): Class one.
Synonyms:
Stigmata.......... DIESING 1835, LEUCKART 1860,
ESSLINGER 1962
Stigmendriisen . ..LOHRMANN 1889, SPENCER 1893,
Von HAFENER 1924, Von HAFFNER & Rack 1971,
HeymoNs 1935

Driisenstigmen ....... STiLES 1891, HEYMONS 1926
epidermal glands ................... HEeTT 1924
Hautdrisen ........ BOVIEN 1927, HEYMONS 1935,
Von HAFFNER 1964

Frontalporen ..................... Bovien 1927
Boviensche Zellen .............. HEymONS 1935
glandes cutanées ................. DOUCET 1965
glandes cuticulaires .............. DouceT 1965
cellules des Bovien ............... DOUCET 1965
cuticularglands .......... ... ... RILEY 19734,
chloride cells ...... BANAJA, JAMES & RILEY 1977,
RILEY 1988, AMBROSE & RILEY 1988, STORCH 1993
ONOCYtes .. ...t STORCH 1993

Hypodermal gland cells (new)

Names:

Glandulae hypodermales .................. Original
Hypodermale Driisenzellen ................ Original
Hypodermal gland cells ................... Original

Characterization: Hypodermal gland cells, which occur
in infective larvae and juveniles, are modified hypoder-
mal cells. They open at a pore on the cuticle. NOIROT &
(QUENNEDEY (1974): Class one.

Synonyms: none

Buccal gland

Names:

Glandula buccalis ....................... Original
Buccaldriise .............. ... ... L Original
Buccalgland ............. .. ... ... ... Original

Characterization: A glandular complex, the ductules
of which empty into the buccal cavity. The ductules
might be arranged in bilaterally. It has not been establi-
shed whether the glands also follow this bilateral arran-
gement. NOIROT & QUENNEDEY (1974): Class three.

Synonyms:
glandes antérieur coelomique ....... DOUCET 1965
frontalglands ..................... RiLEY 1973b
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Subparietal gland

Names:

Glandulae subparietales . .............. ... Original
Subparietaldriisen . .. ........ ... .. oL Original
Subparietalgland ..................... Riley 1973a

Characterization: Single glands that directly open near
the surface of the body. They are annularly distributed
and can also be found in the head region. NOIROT &
(QQUENNEDEY (1974): Class three.

Synonyms:
Parietalzellen ..................... HovLe 1883
Parietaldriisen ....... STiLES 1891, HEYMONS 1935
parietal cells ............. ... ... SPENCER 1893
parietal glands ................ HEeTT 1915, 1924
parietal gland cells ............... GicLioLl 1923
glandes sous-cuticulaires ........... DouceT 1965
glandes parietales ................ DOUCET 1965
sub-parietal glands ........... RILEY 1973a, RILEY,
JAMES & BaNAja 1979, AMBROSE & RiLEY 1988
SPC ... AMBROSE 1989
Accessory genital glands
Names:
Glandulae accessoriae genitales ............ Original
Akzessorische Genitaldriisen ... ... .. BOCKELER 1984b
(for females)
Accessory genital glands . .. ... RILEY 1988 (for males)

Characterization: The accessory genital glands are pai-
red complexes found in both males and females and con-
sist of bi- and tricellular gland units. In females, the duc-
tules empty into the transversal canal or the oviduct.
NOIROT & QUENNEDY (1974). Class three

Synonyms:

tubular accessory glands ........... SPENCER 1893
akzessorische Genitaldriise .. ... .. BOCKELER 1984b
accessory genital gland .............. RILEY 1988
ductual gland . ............. ... ..., RiLEY 1988

In males, they discharge into the vasa deferentia or geni-
tal atrium either via single ductules or common collecting
ductules. NOIROT & QUENNEDEY (1974): Class three.

Synonyms:

accessory sex glands ........... ... .. RiLEY 1988
ductualglands ..................... RiLEy 1988
genital glands ......... BOCKELER & STORCH 1990

Discussion

The results of this study show that ten different gland
types occur in Raillietiella sp. The detection of the subo-
ral gland, tongue gland and hypodermal gland cells, as
the redetection of the buccal gland enlarges our know-

ledge of the gland systems in pentastomids with respect
to four important functional units. The diversity of
glands in Raillietiella suggests an equal functional diversi-
ty. The term ,cephalic glands* or ,head glands* used for
the class three anterior glands of cephalobaenids (RILEY
et al. 1979, STORCH 1993) should no longer be used be-
cause this term does not distinguish such different glands
as the frontal gland, suboral gland, tongue gland, hook
gland and buccal gland.

The identification of the glands is extremely diffi-
cult: The terminal cells of these glands lie close to each
other. The glands are similar in their structure. Histolog-
ical stains aid identification only to a limited degree. The
position of the gland cells and their ultra structure
change during ontogeny. The only significant feature
that is consistant is the pore of the gland ducts. Pores of
gland ducts appear at a constant position in different
species of porocephalids and cephalobaenids. In this
study, the pore of the gland ducts has turned out to be the
defining character regarding which cells belong to a
specified gland.

Hypothetical gland equipment of
extant pentastomids

The comparision of the gland systems of Raillietiella
sp. with other cephalobaenid or porocephalid species has
shown a remarkable conformity. A hypothetical gland
equipment of extant pentastomids may be deduced but
should be confirmed by further investigations.

Dorsal organ, frontal gland, suboral gland, hook
glands, ionical glands, subparietal glands and accessory
genital glands exist in cephalobaenids and poro-
cephalids.

Hypodermal gland cells are not observed in other
pentastomid species but Raillietiellids to date but their
possible function as pheromone glands points to their ex-
istence in further pentastomid species.

The tongue gland occurs in Raillietiella sp., in
Reighardia sternae and Cephalobaena tetrapoda. Cell com-
plexes exist in identical positions {own unpublished ob-
servations). Their existence in all cephalobaenids is
probable but is obscure in porocephalids. Since, in Railli-
etiella sp., the tongue gland exists consistently in inverte-
brate and vertebrate hosts without significant modifica-
tion, its existence in porocephalids can be supposed.

The buccal gland has been observed in Raillietiella sp.
and Reighardia sternae and probably exists in all
cephalobaenids. It has also been seen in Subtriquetra sub-
triquetra, a porocephalid, during this study and hence its
existence in other porocephalids is likely.

The gland equipment of Raillietiella sp. at a defined
ontogenetic stage depends on the current host type. In



Porocephalus clavatus (STiLES 1891) and Porocephalus cro-
tali (AMBROSE & RILEY 1988) changes in the gland equip-
ment are observed that are synchronous with the host
change. The dependence of the current gland equipment
on the host type appears to be a general phenomenon.

Hypothetical gland equipment of a
pentastomid archetype

The remarkable correspondence of glands in embryos
of extant pentastomids points to the early existence of
these glands in phylogeny. Frontal, suboral and hook
glands are present in all embryos investigated to date, in-
dependently of their further development. Therefore,
they can be regarded as plesiomorphous glands.

In Raillietiella sp., the tongue gland belongs to the
embryonic glands. However, evidence for its existence in
porocephalids is absent. Whether it was also an ,,origi-
nal“ gland cannot be decided without further research.

Based on the embryological investigation of
Reighardia sternae, BOCKELER (1982) presented a hypo-
thetical model of a pentastomid archetype. The position
of the gland duct pores allows the integration of those
glands that are considered as plesiomorphous glands into
BOCKELER's hypothetical model:

1. head-segment ..................... frontal gland
2. head-segment .................... suboral gland
3. head-segment ........... hook gland of first hooks
4. head-segment ........ hook glands of second hooks

Gland pores at the limbs are also found in the fossils Hey-
monsicambria scandica and Boeckelericambria pelturae
(WALOSSEK & MULLER 1994).

In the fossils and in the Reighardia stemae larvae,
which have been used for comparision by WALOSSEK &
MULLER, they describe two pores on each limb. The pore
of numerous hook gland units is typical for juveniles and
adults of Raillietiella sp. The segmental arrangement of
nephridia or their derivatives is an articulate feature.
Originally, they existed in all somites. In Euarthropods,
they are usually reduced to a few somites and are modi-
fied. Only in Onychophorans (Protarthropoda) they can
be found in all somites; they partly exist in original form.
The segmental glands of pentastomids can be derived
from articulate nephridia. The specialisation of a limited
number of serial excretory organs might be an adaption
to parasitic life.

Zusammenfassung

Die vorliegende Studie lisst erstmalig einen Gesamtiiberblick
iiber den dynamischen Prozess der Driisenentwicklung zu, der
sich wihrend der Ontogenese bei dem Pentastomiden Raillietiel-
la sp. (Cephalobaenida) aus dem Hausgecko (Hemidactylus sp.)

abspielt. Das Driisensystem von Raillietiella sp. besteht aus 10
ultrastrukturell und funktionell verschiedenen Driisentypen. Sie
lassen sich nach NOIROT & QUENNEDY (1974) in die Klassen eins
und drei einordnen. Auf der Basis der fundamentalen Uberein-
stimmung zahlreicher tiberpriifter anderer Pentastomidenarten
hinsichtlich Ausstattung und Anordnung der Driisentypen wird
eine hypothetische Driisenausstattung rezenter Pentastomiden
entwickelt. Aufgrund der heterogenen und sich iiberschneiden-
den Benennungen wird eine neue Nomenklatur vorgestellt.
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