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ULTRASTRUCTURAL CHANGES OF THE SALIVARY ALVEOLI
OF HYALOMMA (HYALOMMA) DROMEDARII (IXODOIDEA : IXODIDAE)
DURING ATTACHMENT AND FEEDING

BY

SAMIR M. EL SHOURA *
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Trois genres d'alvéoles salivaires sont présents chez la femelle de Hyalomma
( Hyalomma) dromedarri, des alvéoles agranuleux du type 1, et des alvéoles des types II
et III. Chez le mâle il y a un alvéole granuleux supplémentaire du type IV. L'alvéole
du type 1 se compose d'une large cellule centrale entourée par des cellules
périphériques contenant de nombreux replis semblables à ceux d'un épithelium
transporteur. Chaque genre d'alvéole granuleux se compose de cellules granuleuses et
agranuleuses. Chez la femelle se trouvent 8 genres de cellules granuleuses, et chez le
mâle 9. Il est probable que 3 cellules sécrètent du cément requis pour un solide
attachement sur l'hôte et il est possible que 4 autres fonctionnent pour sécréter des
agents pharmacologiques pour assurer une constante provision de sang nécessaire à
l'alimentation de la tique. La fonction des cellules du type h et du type i est inconnue
(le type ise trouve seulement chez le mâle). Les cellules agranuleuses sont des cellules
adlumenales et des cellules ablumenales ; celles-ci se développent au cours du repas,
particulièrement dans les alvéoles du type III chez la femelle, qui seront impliqués
dans le transport des ions et de l'eau. Nous examinons et comparons les changements
ultrastructuraux entre les différents alvéoles salivaires de la femelle et du mâle.
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Three types of salivary alveoli are present in the female Hyalomma
( Hyalomma) dromedarii, agranular alveolus 1 and granular alveoli II and III. In
males there is an additional granular alveolus, type IV. Type 1 alveoli consist of a
large central cell surrounded by 5-6 peripheral cells with numerous basal membrane
infoldings similar to transporting epithelia. Each type of granular alveolus is
composed of granular and agranular cells. In the female, 8 granular ccli types are
recognized and 9 in the male. Three probably secrete cement required for firm
attachment to the host and four others possibly function to secrete pharmacologically
active agents to ens ure constant supply of blood to the feeding tick. Two granular cell
types, h and i (the latter being present only in males) are of unknown function. The
agranular cells are the adlumenal and the ablumenal cells. The latter develop during
feeding particularly in the female type III alveolus to be involved in ion and water
transport. Comparative ultrastructure changes between the different salivary alveoli
of the female and male are discussed .
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INTRODUCTION

The role of tick salivary alveoli is important in
feeding and transmitting infectious agents. The
structure of the ixodid salivary alveoli has been
investigated by severa! au thors (TILL, 1961 ; CHINERY, 1965; KIRKLAND, 1971; BALASHOV, 1972,
1983; COONS and ROSHD~, 1973; MEREDITH and
KAUFMAN, 1973; MEGAW and BEADLE, 1979; FAWCETT et al., 1982 ; BARKER et al., 1984 ; W ALKER et
al., 1985; EL SHOURA, 1985a). A number of these
authors showed that the salivary alveoli in females
are composed of type 1 agranular and types II and
III granular alveoli consisting of structurally and
chemically different granule-secreting cells known
to perform severa! functions during feeding. They
secrete cement (MOORHOUSE and TATCHELL, 1966)
and biologically active agents (GREGSON, 1967).
They are a1so involved in the elimination of excess
fluid to concentrate the blood meal (TATCHELL,
1967); with ionie regulation of the haemolymph
(TATCHELL, 1969) ; and as sites of proliferation of
the infective stages of microorganisms (F AWCETT et
al., 1982). In males, however, an additional granuIar alveolus, type IV, consisting of one (TILL, 1961 ;
BINNINGTON, 1978) or two (CHINERY, 1965) granule-secreting cells was described. Recently, EL
SHOURA (1985a) reported four different types of
alveoli in the adult Haemaphysalis leachi.
This paper describes the comparative sequential
ultrastructural changes in salivary alveo1i of the
female and male H. dromedarii during attachment
and feeding, . relating their structure to possible
function.

MA TERIALS AND METHODS
Unfed adults H. dromedarii from The Center for
Tropical Veterinary Medecine, University of Edinburgh, were maintained at 28°C and 80-85%
relative humidity. Ticks were fed on domesticated
rabbits; unfed and partially fed adults (1, 3, 5, 7

and 9 days after attachment) were dissected in
0.15 M physiological balanced salt solution at pH 7.2.
Salivary glands were removed and fixed in 2.5. M
sucrose at 8°C for 30 min. Tissues were transferred
to fresh fixative at 4°C for 1 hr, rinsed in severa!
changes of 0.05 M sucrose and postfixed for 1 hr in
Millonig's phosphate buffered osmium tetroxide
(MILLONIG, 1961). After a buffer wash the glands
were stained en bloc in 0.5 % aqueous uranyl
acetate for 1 hr, dehydrated in an ethanol series and
embedded in Epon 812. Thin sections were stained
with uranyl acetate and Iead citrate (VENABLE and
COGGESHALL, 1965), and examined in a Carl Zeiss
EM 9 at 80 kv. The periodic acid thiocarbohydrazid (PA-TCH) technique (THEIRY, 1969) was
used to demonstrate polysaccharides, and the pronase
technique (KUHN et al., 1975) was used for detection of protein. Acid phosphatase was detected by
the Iead salt technique (GOMORI, 1956) following
the modification of LARSON and MAUNSBACH (1975).

ÜBSER VA TI ONS
Three types of salivary alveoli are present in
females. Agranular alveolus 1 connects directly to
the main salivary duct, and granular alveoli II and
III connect directly or indirectly via Iobular ducts
which extend into the alveoli as alveolar ducts
(Fig. 1 A). In males there is an additional alveolus,
type IV, connected via a Iobular duct to the main
duct (Figs. 1 A IV, 30). Each alveolus is invested in
a basement membrane (Figs. 1, 7, 20, 25, 29, 30,
32). As feeding progresses, these alveoli enlarge in
size but their growth is asynchronous.

Type I agranular alveolus
The anteriorly type 1 alveolus of the unfed adult
consists of a central cell surrounded by 5-6 peripheral cells (Figs. 1 1, 2, 3). The large, oval-shaped,
centrally Iocated cell contains electron-Iucent cytoplasm with a few mitochondria and numerous
microfilamentous structures (Fig. 2). The central
cell membrane joins the surrounding cells by intercellular junctions (Fig. 2). The round nucleus has a
finely dispersed pattern of chromatin. The periph-
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FIG. 1 : Distribution of alveoli on the main sali vary duel and its branches of a male H. dromedarii (A) and diagramatic drawing of types I,
II and III alveoli in an adult and type IV in a male at the electron-microscope leve!. Arrowheads point to the basement membrane.

2. -

FIGS. 2-6. Type 1 alveolus. FIG. 7 : Type II alveolus in the female.
The middle region of alveolus 1 showing the central cell (cc) and apical regions of peripheral cells (P). Small arrowheads point ta
microfilamentous structures. Large arrowheads point ta a long intercellular junction. Asterisk represents the alveolar duct
lumen. x 8 400; 3. - The basal membrane infoldings (small arrowheads) of peripheral cells enclosing lipidlike droplets (Li), glycogen
particles (large arrowheads), vacuoles (va) and mitochondria (M). Arrows point ta dark bodies. x 2 600 ; 4.- As in figure 3 but after
the PA-TCH treatment. Note the positive reaction of lipidlike droplets (Li) and glycogen particles (arrowheads). x 8 400; 5. - As in
figure 3 but 1 ta 3 da ys after attachment showing the partial disappearence of the lipidlike drop lets (asterisks) and glycogen particles.
Arrowheads point ta membrane infolding. x 8 400; 6. - Alveolus 1 on the day of detachment showing autophagie structures (Au) in
peripheral cells. x 2 600 ; 7. - Part. of alveolus II showing the granular a, b, c and d cells and the agranular ablumenal (E) and
adlumenal (C) cells. Arrow points ta basement membrane. x 2 600.

-231eral ceils (Figs. 1 I, 3) are characterized by numerous basal membrane infoldings enclosing mitochondria, dark bodies, vacuoles, polysaccharidepositive Iipid-Iike drop1ets and glycogen particles as
detected by the PA-TCH technique (Fig. 4). The
round to oval nuclei occupy the apical cytoplasmic
regions Iacking the membrane infoldings (Figs. 1 I,
2). The cuticle-Iined alveolar duct is surrounded by
peritubular ceils (KROLAK et al., 1982) (Figs. 1 I, 2).
No remarkable structural changes occur in alveoIar I ceils during the feeding period in either sex
except for the partial disappearance of the Iipid-Iike
droplets and glycogen particles one to three days
after attachment. On the day of detachment, the
peripheral ceil cytoplasm contains autophagie structures in the male (Fig. 6), while it is almost
degenerated in the female.
Type II granular alveolus

In the female, this a1veolus contains 12-14 granuIar ce Ils of 5 types (a-e), and 8-10 agranular ceils of
two types, adlumenal ceils and ablumenal ceils.
The adlumenal ceils surround the alveolar lumen
(Figs. 1 Il, 7) which Ieads to an alveolar duct via a
cuticular valve (Fig. 1 Il) similar to that found in
the alveolus IV of the male (Fig. 30). The granular
ceil types are differentiated according to their fine
structure and reaction of their granules for polysaccharides, protein and acid phosphatase. Ail ceils
contain granules in the unfed adult. After approximately 3 days of feeding, both the nuclei and
cytoplasm of the alveolus II ceils (except a) are
greater in size resulting in an overail increase in the
size of the alveolus.
Type a ceils are packed with membrane-bound
granules consisting of closely packed subunits
(Figs. 7, 8), which are polysaccharide-positive (Fig. 9)
and digested after the pronase indicating protein
(Fig. 10). The cytoplasm contains numerous, weil
developed cisternae of rough endoplasmic reticulum (RER) possessing dark granules in their
intercisternal cavities (Fig. 8). At day 3 of feeding,
the a ceils are reduced in size, have !ost most of
their granules, developed a pycnotic nucleus and
are apparently no longer functional. As in the
merocrine secretion (DE RoB.ERTIS AND DE ROBER-

ns, 1980), the subunits forming the granules release
their contents after the fusion of their own Iimiting
membranes and ultimately with the ceil membrane
(Fig. 11).
Type b ceils contain round to oval electron-dense
granules with electron-Iucent cores (Figs. 1 II, 7,
12). The granules react positively for polysaccharides
(Fig. 9), protein (Fig. 13) and acid phosphatase
(Fig. 14). Golgi bodies and RER are apparently
involved in the granule formation. Smail vesicles
arise from the RER stacks surrounding Golgi
bodies (Fig. 12). The Golgi cisternae give rise to
condensing vacuoles that may be converted into
mature granules, probably by progressive fiiling
and condensation of their contents (Fig. 12). The
granules are discharged within the first three days
of feeding when the ceil size and the number of
granules are markedly increased.
Type c ceils (Figs. 1 Il, 7) contain variable dense,
polysaccharide-positive granules (Fig. 9) surrounded
by whorls of RER cisternae (Fig. 15). These
granules release their contents after fusion of their
Iimiting membrane with the ceil membrane (Fig. 16).
The behaviour of c ceils during feeding is similar to
that of the b ceils.
Type d ceils (Figs. 1 II, 7) are packed with
variable size electron-dense granules which react
positively with PA-TCH (Fig. 9). The cytoplasm
contains Iipid-Iike droplets and Golgi bodies associated with RER (Fig. 17). These ceiis behave
similar to b and c ceils during feeding.
Type e ceils (Figs. 1 Il, 18) contain membranebound, electron-lucent granules enclosing electrondense material (Fig. 18). Only the dense material is
polysaccharide-positive. As in ceils b, c and d, the e
ceils discharge their secretion within the first three
days of feeding, then become mort: active in
synthesising granules.
The agranular adlumenal ceils extend to cover
the other ceil apices (Figs. 1 Il, 7). The apical
membrane projects microvilli into the alveolar
lumen, while the lateral membranes join those of
the neighbouring ceils by interceilular junctions
surrounded by microtubules (Fig. 19). Except for
increasing in size, the adlumenal ceils do not
show remarkable structural changes during feeding
(Fig. 20).

FIGS. 8-14 : Type II alveolus in the female.
8. -Type a cell (a) granules consisting of subunits (sb). Note the dark material (arrowheads) in RER intercisternal cavities. x 23 000;
9.- Part of alveolus II after treatment with the PA-TCH showing the polysaccharide-positive granules (gr) of the a, b, c and d cells.
Small arrowheads point to intercellular junctions between adlumenal cells (C) and surrounding granular cells. Large arrowhead points
to the basement membrane. x 2 600 ; 10. -Type a cell (a) granule (gr) after treatment with the pronase showing digestion of the
subunits (sb) indicating protein. x 9 300; 11. - Type a cell (a) granule (gr) releasing its subunit content into alveolar lumen (L).
x 23 000; 12. - Formation of the b cel! (b) granules (gr) showing small vesicles arising from the RER stacks surrounding Golgi
bodies (G). Note the condensing vacuoles (cv) arising from Golgi bodies. x 45 000 ; 13.- The b cell (b) granule (gr) after the pronase
treatment showing digestion of the core (asterisks). x 26 000; 14. -As figure 13 but after incubation in acid phosphatase medium
showing intensive deposits of reaction products (arrowheads) in the core indicating the phosphatase activity. x 36 000.
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between different granular cells (Figs. 1 II, 7). The
moderately dense cytopl~sm is poor in cell organelles. As feeding progresses, these cells develop more
branched canaliculi (Fig. 20) similar to epithelia
involved in active transport (BERRIDGE and ÜSCHMAN,
1972). The canaliculi enclose numerous mitochondria and form junctions with the surrounding cells
(Fig. 20).
As in the female, alveolus II of the male con tains
the similar number and structure of the granular
and agranular cells. The Joss of the cell granules
during feeding is not as great as in the female. The
b, c, d and e cells become active at 3 to 5 days of
feeding. Granules are present in many different
types of cell even on the day of detachment. The
ablumenal cells show Jess development than those
of the female.
Type III granular alveolus

In the female, this alveolus (Figs. 1 III, 21)
contains 12-14 cells of three types,/, gand h. Thef
cell (Fig. 21) is identical in position, structure and
histochemical reactions to the a cells of alveolus Il.
These cells also discharge most of their granules at
the same time as the a cells.
The large g cells (Figs. 1 III, 21, 22) con tain
readily distinguishable granules which appear as a
reticulum of membrane-bound aggregates (Fig. 22).
The granules are weakly positive for polysaccharides (Fig. 23) and are partially digested after
pronase treatment (Fig. 24). The intergranular
cytoplasm contains well-developed RER, mitochondria (Fig. 22), and a few scattered glycogen
particles (Fig. 23). As with the a and f cells, g cells
discharge most of their granules 1 to 3 days after
attachment to appear flat by day 5 or 7 (Fig. 25).
The granules, as in the a and f cells, release their
contents after fusion with the cell membrane (Fig. 26).
The h cells, lacking granules in unfed ticks
(Figs. 1 III, 21 ), are more numerous than f and g
cells and occupy the fundus of alveolus III. The
moderately dense cytoplasm is rich in free ribosomes, RER, vacuoles and mitochondria. One day
after attachment, these cells increase in size and
become packed with variable dense granules similar

to those seen in the c cells of alveolus II. Golgi
bodies associated with RER are apparently responsible for the granule formation (Fig. 27). After
3-5 days of feeding, the h cells have !ost their
granules (Fig. 28). From day 5 to 7, the h cells,
together with the f, g and ablumenal cells form a
narrow band of flattened cells around a large lumen
(Fig. 25).
As in alveolus II no remarkable structural changes
are observed in the adlumenal cells during feeding
except for an increase in the number of microvilli
(Fig. 29). On the contrary, the ablumenal cells are
dramatically more active than those of alveolus II.
These cells form extensively branched canaliculi
enclosing numerous mitochondria at 3 to 5 days of
feeding. By day 7, these canaliculi occupy the
greater volume of alveolus III (Fig. 29).
Alveolus III of the male differs from that of the
female in that the h cell is less active in ali stages
examined and there is no obvious structural changes
in f and g cells which discharge their granules
slowly during feeding. The ablumenal cell canaliculi
are Jess branched than those of the female .

Type IV granular alveoli

These alveoli (Figs. 1 IV, 30) are present in males
and have a single granular cell, type i, containing
variable dense granules and electron-lucent vacuoles
(Fig. 30). These cells discharge their secretion one
day after attachment. At the third day, the i cells
enlarge in size and synthesis new granules consisting of a low or moderately dense outer zone
surrounding an inn er electron-dense core (Fig. 31 ).
The newly formed granules are surrounded with
weil developed RER, the intercisternal cavities of
which enclose electron-dense material similar to
that of the core (Fig. 31 ). From day 5 to detachment,
most i cells are overloaded with dark granules
which are probably the same granules seen on the
third day but after condensation of their content,
while others contain a few scattered granules
(Fig. 32).

FIGS. 15-20 : Type II alveolus in the female. FIGS. 21-22 : Type III alveolus in the female.
15.- The cell c (c) granules (gr) surrounded with who ris cisternae of RER. x 23 000; 16.- Releasing the granular content (arrowheads)
to the alveolar lumen (L). x 23 000 ; 17. -Type d cell (d) cytoplasm containing granules (gr), lipidlike drop lets (Li) and Golgi bodies
associated with RER. x 8 400; 18. - Type e cell (e) granules (gr) enclosing electron-dense material (arrowheads). x 23 000;
19. - Adlumenal (C) forming intercellular junctions (arrowheads) with neighbouring granular cells. x 45 000; 20. - Branched
canaliculi of ablumenal cells (E) joining the cap cells (C) and other cells with intercellular junctions (small arrowheads). Large
arrowheads point to the basement membrane. x 2 600 ; 21 . - Part of al velus III showing the granular f. g and h ce Ils (f, g, h) and the
agranular adlumenal (C) and ablumenal (E) cells. x 45 000; 22.- Type g cell (g) granules (gr) appearing as a reticulum of membrane
bound aggregates and surrounded with developed RER. x 45 000.
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FIGS. 23-28 : Type III alveolus in the female.
23 . - Type g cell (g) after the the PA-TCH . Note the slight reaction of the granules (gr). Arrowheads point to glycogen particles.
x 23 000 ; 24. - As in figure 22 but after the pro nase treatment showing a partial digestion of the g cell granules (gr). x 8 400; 25. Part of type III alveolus at 5 to 7 days after attachment showing the g cell (g), ablumenal cell (E) and degenerated h cell (asterisk)
forming a narrow band of flattened cells around a large lumen (L). x 8 400; 26. - The g cell granules releasing its content
(arrowhead) into the alveolar lumen (L). x 23 000; 27.- Type h cell (h) at one day after attachment showing Goldi bodies (G) and
RER involved in the granule (gr) formation . x 23 000; 28. - Part of type III alveolus at 3 to 5 days of feeding showing h cells after
discharging most of their granules. x 2 600.
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FIG. 29 : Type III alveolus in the female. FIGS. 30-32 : Type IV alveolus in the male.
29.- Ablumenal (E) and Adlumenal (C) cells at 5 days of feeding showing the extensively branched canaliculi. Small arrowheads point a
long junction between the two types of celL Large arrowhead points to the basement membrane. x 2 600; 30. - Alveolus IV showing
the single granular type of cell i (i) containing variable dense granules (gr) and vacuoles (va). Note that the alveolar lumen (L) leads to
the cuticle-lined alveolar duct (AD) and lobular duct. (LD) x 2 600; 31. - Type i cell (i) at the 3rd day of feeding showing newly
synthesised granules (gr) surrounded by RER. Note the electron-dense material (arrowheads) in RER intercisternal cavities. x 23 000;
32. - Part of alveolus IV at the day of detachment showing an i cell (i) packed with dark granules while another cell contain a few
scattered granules (gr). Asterisk represents ablumenal cells. x 8 400.
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DISCUSSION

Type I agranular alveoli

The morphology of type I alveoli of H. dromedarii
is a common ultrastructural feature in both ixodids
(KIRKLAND, 1971 ; bALASHOV, 1972, 1983; COONS
and ROSHDY, 1973; MEREDITH and KAUFMAN,
1973; MEGAW and BEADLE, 1979; KROLAK et al.,
1982 ; BARKER et al., 1984 ; W ALKER et al., 1985 ;
EL SHOURA, !985a) and argasids (DZHAFAROV,
1965; ROSHDY and COONS, 1975; EL SHOURA,
1985b). A number of au thors have described the
agranular alveoli as being responsible for the fluid
excretion that occurs during feeding (BALASHOV,
1972; ROSHDY, 1972; COONS and ROSHDY, 1973;
SAUER et al., 1974; ROSHDY and COONS, 1975).
RUDOLPH ahd KNÜLLE (1974, 1978) and Mc MuLLEN et al. (1976) believe that the type I alveolus is
the source of hygroscopie fluid allowing the unfed
ticks to gain water from air. However, the basal
membrane infoldings are structurally similar to
epithelia involved in ion and water transport (BERRIDGE and OSCHMAN, 1972). This process requires
energy consumption which could be derived from
the lipid-like droplets and glycogen particles which
disappear during feeding. In argasids, however,
only glycogen particles are detected in type I alveoli
(EL SHOURA, 1985b). This is probably due to the
fact that the energy required by argasids is much
less than that in ixodids. On the other band,
BARKER et al. (1984) suggested that the lipid-like
droplets are involved in the formation of the ixodid
cement. The intercellular junctions between the
central cell and peripheral cells suggest that the
central cell may collect and store fluids from the
peripheral cells and pass them to the alveolar duct
lumen.

Types II, III and IV granular alveoli
The first type of salivary secretion injected into
the host by feeding ticks is a " cement " material
(COWDRY and DANKS, 1933; GREGSON, 1960) con-

sisting of carbohydrate-containing protein and lipoprotein (MooRHOUSE and TATCHELL, 1966). Severa!
authors have related the cement secretion to the
compound granules in the granular salivary cells of
ixodid ticks (KIRKLAND, 1971 ; CHINERY, 1973;
COONS and ROSHDY, 1973; MEREDITH and KAUFMAN, 1973; BALASHOV, 1983; EL SHOURA, 1985a).
Type a, f and g cells in types II and III alveoli of
the adult H. dromedarii appear to be likely candidates for the secretion of cement precursors and
analogous to those described for other ixodids
(CHINERY, 1965; MOORHOUSE and TATCHELL, 1966).
They occupy similar positions in their respective
alveoli; types a and f cells contain compound
granules ; they react positively for protein, the
principle material of cement; they are packed with
granules before attachment and discharge them
directly after attachment; they are apparently
nonfunctional from approx. three days after the
female attachment. BARKER et al. (1984) suggested
that the lipid part involved in the cement formation
is found in the type I alveolus.
The salivary secretion of ticks contains a variety
of toxic agents and anticoagulants, with the function of maintaining the flow of blood in the vicinity
of the feeding mouthparts. A number of these
pharmacologically active agents have been isolated
from the salivary secretion of the ixodid tick
Boophilus microplus (GECZY et al., 1971 ; TATCHELL
and BINNINGTON, 1971). To ensure a constant
supply of blood to the mouthparts, the active
material in the saliva would be secreted throughout
the feeding period. The b, c, d ande cells in alveolus
II discharge their products within the first few days
of attachment and synthesise more granules during
feeding, and could be the potential sources of these
agents. In addition, type b cells containing protein
and acid phosphatase-positive granules are similar
to f cells of H. leachi (EL SHOURA, 1985a) and to
those of exocrine cells described by HAND and
OLIVER (1977). The latter authors showed that the
granules are a part of an acid phosphatase-rich
region involved in the production of various types
of lysosomes. In this respect, one may suggest that
b cells are responsible for the production of lysosomes during feeding. Type h cells in alveolus III of
both sexes produce their granules directly after

238attachment, while type i cells in the male type IV
alveolus replace their previous granules within the
first few days of feeding. The function of h and i
cell granules is not known.
The adlumenal cells observed here are described
for severa! tick species. MEREDITH and KAUFMAN
(1973) suggested that the adlumenal cells may hold
the alveolus together during secretion when the
lumenal hydrostatic pressure is considerable.
However, the presence of microvilli in the cell
apices suggests a fluid transport that probably
increases during feeding to support the opinion of
EL SHOURA (1985a, b). MEREDITH and KAUFMAN
(1973) postulated that the fluid produced by the
water cells might take an extracellular route to the
alveolus lumen between the adlumenal cells and
vacuolar cells or that the fluid might even pass
through the adlumenal cell itself. The lipid-Iike
during droplets seen in the adlumenal cell cytoplasm during feeding could be the source of energy
required for the fluid passage.
The development of the ablumenal cells during
feeding of H. dromedarii has been described for
other ixodids (TILL, 1961 ; BALASHOV, 1972, 1983 ;
MEREDITH and KAUFMAN, 1973; MEGAW and
BEADLE, 1979 ; EL SHOURA, 1985b ). These cells are
considered to be sites of fluid secretion during
feeding (MEREDITH and KAUFMAN, 1973), and play
a part in water elimination and ion regulation
(COONS and RoSHDY, 1979). The canaliculi are
more extensively branched in the feeding female of
H. dromedarii than in the male, and in the type III
alveolus than in types II and IV. This possibly
means that the male does not have the same
requirement for the water and salt secretion as the
female, and type III alveolus eliminates greater
amourit of fluids.
The differences between the structure of the
granular salivary alveoli in the female and male H.
dromedarii during feeding have been variously
reported (TILL, 1961; CHINERY, 1965; BINNINGTON,
1978). These differences are possibly due to the
behavioural differences between the sexes. The
ixodid male remains on the host for longer than the
female during which it copulates severa! times
(from BINNINGTON, 1978), and is supposed to
reattach to the host a similar number of times, each

reattachment requiring cement deposition and secretion of pharmacologically active agents. This conforms with the sustained secretory capacity of cells
responsible for th~ firm attachment to the host and
for the constant supply of blood to the tick
mouthparts. The male also differs in not imbibing a
large quantity of blood and this may explain the
lesser development of the ablumenal epithelial cells
which are highly developed in the feeding female . It
is known that the saliva of the male tick is used
during copulation to ensure the smooth transfer of
the spermatophore to the female (FELDMAN-MUHSAM, 1970).

ACKNOWLEDGEMENTS

I express my deep appreciatiOn to Dr. R. BUTLER,
Department of Zoology, Manchester University, for
critically reading this manuscript, and for providing the
electron microscopy facilities . This work was kindly
supported financially by The Wellcome Trust, London .

LIST OF ABUREVIATIONS

a. b, c, d, e, f, g, h, i types of granular cells
AD
alveolar duct
autophagie structures
Au
adlumenal cells
c
central cel!
cc
CV
condensing vacuoles
ablumenal cells
E
Golgi bodies
G
gr
granules
alveolar lumen
L
LD
lobular duct
lipidlike droplets
Li
mitochondria
M
Mv
micro vi !li
nucleus
N
p
peripheral cells
peritubular cells
Pt
RER rough endoplasmic reticulum
subunit granules
sb
v
valve
va
vacuoles
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