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The oocyte development during the period from the unfed stage to the day of oviposition,
morphological changes of funicle cells at ovulation, and situation of spermatozoa in the
ovarian lumen were examined in bisexual Haewxzphyalis  longicomis.  The oocyte began to
develop with feeding, protruded into the haemocoel from the surface of the ovary, and then
became sustained by the funicle cells derived from ovarian epithelial cells. Yolk deposition
and egg-shell synthesis commenced on the day of detachment. During vitellogenesis, the
large oocyte nucleus became situated near the side of the funicle cells, numerous electron
dense granules accumulated in the perinuclear zone of the cytoplasm, and well-developed
microvilli and active micropinocytosis were conspicuous on the oocyte plasma membrane.
Upon completion of the oocyte development, the well-developed funicle cells directly faced
to the ovarian lumen and formed complicated infoldings of the plasma membrane in order to
allow mature oocytes to easily pass through a pathway among them into the lumen. Many
spermatozoa ascended to the ovarian lumen on the oviposition day, some of them were in
contact with microvilli of the ovarian epithelial cells and some resided in indentations on the
plasma membrane of the funicle cells. A spermatozoon seemed to fertilize the ovulated
oocytes in the ovarian lumen, because they had not a large, characteristic egg nucleus any
longer.

INTRODUCTION

Haemuphysalis  longicornis is widely distributed in Australia, New Zealand, New
Caledonia, Fiji, Japan, Korea, and northeastern China and USSR, having parthe-
nogenetic and bisexual races (Hoogstraal et al., 1968). In Japan, where both races
occur, this species is of economic importance as the most dominant tick in pastures and
as the vector of Theileti serge&i,  causing theileriosis among cattle.

Tick oogenesis has been recently reviewed, being classified ultrastructurally into
the following three stages, i. e. previtellogenic, vitellogenic and ovulatory stage (Diehl
et al., 1982). Details of ovulation and fertilization in ticks have not been sufficiently
elucidated. Within the genus Haevnuphysalis,  there have been a few studies on the
anatomy of H. Jkzva  (Saito, 1960),  the histochemistry of the genital organs in H .
spinigera  (Chinery, 1965) and the ultrastructure on penetrating stages of Babes&z major
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infecting the ovary of H. punctata (Morzaria et al., 1977). In H. Zongicornis, however,
very few data are available on the ultrastructure of oogenesis, although the ovarian
development has been examined with the light microscope in the parthenogenetic
female from Australia (Khalil, 1972).

The purpose of the present study is to examine with the electron microscope the
oocyte development and ovulation, morphological changes of funicle cells and situa-
tions of spermatozoa in the ovarian lumen in the bisexual female of H. Zongicornis, and
to discuss the characteristics of oogenesis, the mechanism of ovulation and the site of
fertilization in ticks.

MATERIALS AND METHODS

Unfed female and male ticks of H. 2ongicorni.s  were collected by dragging on a
pasture at the Kuju highland, Oita Prefecture ; they were reared on the ears of a
domestic rabbit at the same time in the laboratory, and then each ear was covered with
a cotton bag. The females which detached into the bag after engorgement were put
in plastic cases with a wet filter papers, and allowed to oviposit in a constantly dark
incubator kept at 25°C.

The ovary was dissected out in a cold 3% glutaraldehyde in 0.2 M-phosphate
buffer (pH 7.4),  fixed with the same fixative for 6 hours, and then washed thoroughly
in the same buffer ; the tissue was post-fixed with 1% osmium tetroxide in the same
buffer, dehydrated with acetone and embedded in epoxy resin. Thick sections (ca. 1
pm) for light microscopy were stained with toluidine blue. Thin sections (ca. 60 nm)
for electron microscopy were doubly stained with uranyl and lead acetate before
examination in an Hitachi HS-9 electron microscope (75 kV).

RESULTS

To bring about a better understanding, the relationships between the state of the
ticks and changes both in the body volume of the females during feeding based on the
data by Yano et al. (1989) and in the diameter of oocytes from the unfed stage to the
day of oviposition are shown in Fig. 1. The typical female, which mated with a male
on 4th day in feeding, engorged and detached from the host on the 6th day. The oocyte
rapidly increased in size from the day of detachment, and approximated to the size of
the mature egg on the 4th day after detachment. The female commenced ovipositing
on the 6th day after detachment. The morphological changes of the ovary and oocytes
are described separately according to the following six states - unfed stage, 4th day
in feeding, detachment day, 2nd day after detachment, 4th day after detachment and
oviposition day.

Unfed stage
A large, round nucleus (diam. ca. 10 pm) with a distinct nucleolus was centrally

located in the oocyte (diam. ca. 20 pm) (Fig. 2, inset a). The oocyte contained free
ribosomes throughout the cytoplasm and massive round mitochondria in parts : both
the oocyte and the ovarian epithelial cell faced to the haemocoel through the basement
membrane (Fig. 2 and inset b). The intercellular bridge between the oocytes had many
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Fig. 1. Typical daily changes in the body volume (VO) and in the diameter of the
oocyte (DM) according to the following states of female Haemaphysalis longicomis :
UF, unfed stage including the beginning day of feeding (F) ; F+l to FS5, days in
feeding ; DD, detachment day, DS 1 to D+5, days after detachment ; OD, oviposition
day. MD, mating day.

tubular invaginations of the plasma membrane near the bridge, processes of the
ovarian epithelial cells went between the oocytes, and the apposed plasma membranes
of both the cells were smoothly parallel with each other without an intercellular
junctional complex (Fig. 3).

Fourth day in feeding
The oocytes (diam. ca. 60 pm) began to protrude into the haemocoel from the

surface of the ovary, and then became maintained by the undeveloped funicle cells
derived from the ovarian epithelial cells ; each had a large nucleus (diam. ca. 30 pm),
surrounded by a distinct layer of the perinuclear zone, at the germinal vesicle stage
(Fig. 4, inset). The cytoplasm contained numerous mitochondria, well-developed rough
endoplasmic reticulum and the Golgi complex. Great quantities of electron-dense
granules passing through the nuclear pores accumulated in the perinuclear zone of the
cytoplasm, and were associated with masses of mitochondria (Figs. 4 and 5). Club-
shaped microvilli began to protrude from the oocyte plasma membrane, the tops of
which were reaching to the basement membrane (Fig. 6).

Undeveloped, cuboidal funicle cells had a large nucleus and scanty cytoplasm (ca.
10 pm in height) with massive glycogen particles (Fig. 7). The oocyte and the funicle
cells attached to one another with the microvilli, both of which had numerous vesicles
in their boundary zone (Fig. 7, inset). The pairs of smoothly apposed plasma mem-
branes of adjacent funicle cells run parallel to each other, and were connected with by
the zonula adherens in parts (Fig. 8). The ovarian lurninal surface of the funicle cells
was in contact with the flattened ovarian epithelial cells, and did not directly face to
the ovarian lumen (Fig. 9).
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Fig. 2. Electron micrograph showing ovarian oocytes (0) connected with each other
by an intercellular bridge ( I b, in the rectangle) and ovarian epithelial cells (Oe) which
are occupied by numerous symbionts (S) in the unfed stage. Inset a : light micrograph
showing the ovary in the same stage. Inset b : electron micrograph showing part of the
oocyte with a large quantity of ribosomes (R) and masses of mitochondria (M) in the
cytoplasm at higher magnification. Bm, basement membrance ; H, haemocoel ; N,
nucleus ; No, nucleolus.
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Fig. 3. Electron micrograph of the area enclosed in the rectangle on Fig. 2 at higher
magnification, showing an intercellular bridge ( I b) between oocytes (O), which is
accompanied with tubular invaginations (Ti) of the plasma membrane (Pm), in the
unfed stage. Oe, ovarian epithelial cell ; PO, process of ovarian epithelial cell ; R,
ribosome ; S, symbiont.

Detachment day
The oocyte developed further (diam. ca. 100 pm),  the large nucleus moved to the

side of the funicle cells (Fig. 10, inset), and numerous small yolk granules, together
with lipid droplets and glycogen granules appeared for the first time (Fig. 10).
Egg-shell precursors began to be produced in the gap between the oocyte and the
basement menbrane ; coated pits and coated vesicles (diam. ca. 0.1 pm) were conspicu-
ous on the oocyte plasma membrane at the base of elongated microvilli (Fig. 11).
Multivesicular bodies (diam. 0.2-0.5 pm), in which small vesicles gradually fused with
one another, lost their internal membranes and became homogenous; their electron-
density increased, and consequently yolk granules were synthesized (Fig. 12 and inset).

Second day after detachment
Yolk granules with various sizes (maximum diam. ca. 35 pm) occupied most of the

oocyte cytoplasm (diam. ca. 200 pm) (Fig. 13, inset). The egg-shell became thick (1.4
pm),  and was perforated by microvilli reaching to the basement membrane (Fig. 13).
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Fig. 4. Electron micrograph showmg  a perinuclear zone (Pz) of an oocyte (O), where
numerous electron-dense granules (Eg) are accumulated, on the 4th day in feeding.
Inset : light micrograph of an oocyte (0) protruding into the haemocoel (H) and
undeveloped funicle cells (F) derived from ovarian epithelial cells (Oe). Gc, Golgi
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Fourth day after detachment
Egg-shell synthesis and vitellogenesis were nearly completed. Spherical yolk

granules became polygonal. The nuclear envelope was concaved together with the
oocyte plasma membrane at the side of the funicle cells, and formed a large nuclear
crypt (diam. ca. 20 pm) beneath the egg-shell (Fig. 14). The microvilli were being
retracted through egg-shell slits (diam. ca. 0.1 pm). As a result, the interchorionic
space (ca. 0.5 pm in width) was formed between the oocyte and the egg-shell (Fig. 15).

Oviposition day
At this time, the ovary contained oocytes in all the developmental stages

mentioned above, and some mature oocytes (diam. ca. 350 pm) were ovulated into the
ovarian lumen. In spite of careful observations, the nucleus of the ovulated oocytes
was not confirmed. Many spermatozoa ascending to the ovarian lumen were in close
contact with microvilli of the ovarian epithelial cells (Fig. 16 and inset).

The mature oocyte just before ovulation was sustained by 20-30 columnar funicle
cells (ca. 25 pm in height) arranged in a monolayer but in two lines ; they were poor
in cell organelles, exposed one end to the egg-shell and the opposite end to the ovarian
lumen. Some spermatozoa resided in indentations on the plasma membrane of the
funicle cells (Fig. 17). The apposed plasma membranes of the adjacent funicle cells
formed intensive infoldings, where zonula adherens accompanied with numerous
filaments were conspicuous (Fig. 18). At postovulation, the basement membrane
remained collapsed near the worn-out funicle cells (Fig. 19).

DISCUSSION

Oocyte development in ticks
Tick oogenesis has been classified into five stages on the basis of the mor-

phological features of oocytes in Argas  persicus,  Hyalomma asiaticurn  and bodes
ricinus  (Balashov, 1972). The developmental stages of oocytes in bisexual H. Zongicorn-
is were equivalent to Balashov’s stages as follows : the oocytes in the unfed stage, on
the 4th day in feeding and on the detachment day corresponded to that in Balashov’s
stage I (the period of small cytoplasmic growth), II (the period of great cytoplasmic
growth) and III (the period of yolk deposition) respectively ; the oocyte on the 2nd day
after detachment was ranked between Balashov’s stages III and IV; further, the
oocytes on the 4th day after detachment and on the oviposition day each agreed with
Balashov’s stage IV one (completion of vitellogenesis) and stage V one (after ovula-
tion). The present study revealed for the first time the occurrence of the nuclear crypt

complex ; M, mitochondrion ; N, nucleus ; Ne, nuclear envelope ; No, nucleolus ; Re,
rough endoplasmic reticulum.
Fig. 5. Electron micrograph of a perinuclear zone of the same oocyte (0) as in Fig.
4, showing electron-dense granules (Eg) passing through nuclear pores (arrows) at
higher magnification. N, nucleus.
Fig. 6. Electron micrograph showing formation of club-shaped microvilli (Mv) on the
surface of an oocyte (0) on the 4th day in feeding. Bm, basement membrane; H,
haemocoel.
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Fig. 7. Electron micrograph of undeveloped, cuboidal funicle cells (F), showing their
contact with an oocyte (0) and ovarian epithelial cells (Oe) (in the rectangle) on the
opposite side, respectively, on the 4th day in feeding. Inset : numerous vesicles (V)
found inside a boundary zone between an oocyte (0) and funicle cells (F). Bm, basement
membrane ; G, glycogen granule ; H, haemocoel  ; Mv, microvilli ; N, nucleus ; 01,
ovarian lumen ; Re, rough endoplasmic reticulum.
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beneath the egg-shell of the oocyte on the 4th day after detachment, which may be
associated with the mechanism of fertilization.

In De~mucentor  andersoni,  meiotic divisions have not been observed during any
period of ovarian development in adult females (Brinton and Oliver, 1971a),  and it has
been thought that only oocytes are present in the females, because of additional
enlargement and organellar differentiation of germinal cells, and especially the pres-
ence of their well-organized nucleoli (Brinton and Oliver, 1971b). Also in bisexual H.
Zongicornis, the germinal cells in the unfed stage were the primary oocyte at the
growth phase, which persisted until ovulation after detachment, because the nucleus
stayed in the germinal vesicle stage and meiotic divisions did not occur during this
course. On the other hand, in parthenogenetic H. Zongicornis, both a few oogonia
(diam. 7.5 to 7.8 pm) and many primary oocytes (diam. 10 to 21 pm) occupy the ovary
before the female feeds, and no further development occurs until female feeding
(Khalil, 1972). Accordingly, further studies on such a difference in oogenesis between
the bisexual and parthenogenetic races are needed.

Protein components of yolk granules in ticks originate from both exogenous and
endogenous sources (Diehl et al., 1982). In Rhipicephu2u.s  sanguineus  (Coons et al., 1982)
and D. andersoni  (Coons et al., 1986),  fat body cells and mid gut cells synthesize
exogenous vitellogenins. Biochemical and immunohistochemical data from
Omithodoros moubatu  demonstrate that the fat body is the site of vitellogenin synthesis
(Chinzei and Yano, 1985),  and vitellogenins, which are released into the haemocoel and
then taken into the oocytes, become vitellins accounting for 80% of all the weights of
oocyte proteins (Chinzei, 1983 ; 1986). An electron microscopic study on oogenesis in
D. andersoni  suggests that at least nuclear-nucleolar complexes, Golgi body, mitochon-
dria and plasmalemma brush border contribute to yolk formation (Brinton and Oliver,
1971b). In the present study, the conspicuous development of microvilli and active
micropinocytosis on the oocyte plasma membrane suggested intake of exogenous yolk
protein precursors. Electron-dense granules accumulated in the perinuclear zone of the
oocyte on the 4th day in feeding are presumably ribosomal precursors produced by the
nucleus, and take part in synthesis of endogenous proteins as pointed out by Raikhel
(1983).

Mechanism of ovulation and sites of fertilization in ticks
In bisexual H. Zongicomis,  the ovarian luminal surface of the undeveloped funicle

cells was in contact with ovarian epithelial cells. Upon completion of oocyte develop-
ment, however, the funicle cells with scanty organelles became directly exposed to the
ovarian lumen, owing to the retreat of the ovarian epithelial cells, when the well-
developed funicle cells formed complicated infoldings of the plasma membrane. Such
structural changes allow mature oocytes to pass easily through a pathway among the

Fig. 8. Electron micrograph showing intercellular junctions between funicle cells (F)
on the 4th day in feeding. N, nucleus ; Pm, plasma membrane ; Za, zonula adherens.
Fig. 9. Electron micrograph of the area enclosed in the rectangle of Fig. 7 at higher
magnification, showing contact of a funicle cell (F) with a flattened ovarian epithelial
cell (Oe).  G, glycogen granule ; Mv, microvilli ; 01, ovarian lumen ; Re, rough
endoplasmic reticulum.
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Fig. 10. Electron micrograph showing appearance of yolk granules (Y) in an oocyte
(0) on the detachment day. Inset : light micrograph of a slightly advanced oocyte (0)
on the same day. Bm, basement membrane ; E, egg-shell ; F, funicle cell ; G, glycogen
granule ; H, haemocoel ; L, lipid droplet ; Mv, microvilli ; N, nucleus ; No, nucleolus.
Fig. 11. Electron micrograph of the surface of the same oocyte (0) as in Fig. 10,
showing well-developed microvilli (Mv), coated pits (Cp), coated vesicles (Cv) and
precursors of the egg-shell (Pe). Bm, basement membrane ; G, glycogen granule.
Fig. 12. Electron micrograph showing synthesis of yolk granules (Y) by fusion of
internal vesicles in multivesicular bodies (Mb) on’the detachment day. Inset : part of
a multivesicular body (Mb) attached by many vesicles (arrows).
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funicle cells into the lumen, as in the so-called transition zone of D. andersoni (Brinton
and Oliver, 1971b).

In D. andersoni, spermatozoa are present throughout the ovarian lumen from 3
days after completing engorgement to 24 hours after commencing oviposition (Brinton
and Oliver, 1971a),  and exhibit a propensity for active penetration of ovarian epithelial
cells (Brinton et al., 1974). In H. Zongicornis, although spermatozoa did not yet ascend
to the ovarian lumen on the 4th day after detachment, they reached there on the
oviposition day, but seemed not to reach the egg-shell of ovarian oocytes.

At the present time, the actual site of fertilization in ticks is still a point of
contention. There have been two opinions on this problem ; one is concerned with the
oviduct and another the ovarian lumen (Oliver, 1974 ; Diehl et al., 1982). In this
connection, it is yet uncertain in 0. moubata whether or not the condensed chromo-
somes in oocytes from the lower oviduct and the uterus are related to the process of
fertilization (Diehl, 1970). In H Zongicornis, ovulated oocytes had not a large, charac-
teristic nucleus any longer. It is undeniable, therefore, that such a morphologically
remarkable change was possibly caused by sperm penetration into the ovulated oocyte
in the ovarian lumen.
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Fig. 13. Electron micrograph of an oocyte (0) on the 2nd day after detachment,
showing enlargement of yolk granules (Y) and thickening of the egg-shell (E). Inset :
light micrograph of an oocyte (0) on the same day as in Fig. 13. Bm, basement
membrane ; F, funicle cell ; G, glycogen granule ; H, haemocoel ; L, lipid droplet ;
Mv, microvilli ; N, nucleus ; No, nucleolus,
Fig. 14. Light micrograph showing a nuclear crypt (N C) beneath the egg-shell (E) in
an oocyte (0) on the 4th day after detachment. F, funicle cell ; H, haemocoel ; N,
nucleus ; No, nucleolus ; Y, yolk granule.
Fig. 15. Electron micrograph of the surface of an oocyte (0) on the same day as in
Fig. 14, showing retraction of microvilli (Mv) and the interchorionic space ( I s)
between the oocyte and the egg-shell (E). Bm, basement membrane ; Es, egg-shell slit ;
G, glycogen granule ; Y, yolk granule.
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Fig. 17. Electron micrograph of well-developed, columnar funicle cells (F) bearing
conspicuous infoldings ( I , in the rectangle) of the plasma membranes, showing a
spermatozoon (Sp, an arrow) residing in an indentation of the funicle plasma mem-
brane on the oviposition day. Bm, basement membrane ; E, egg-shell ; H, haemocoel  ;
M, mitochondrion ; Mv, microvilli ; L, lipid droplet ; N, nucleus ; Oe, ovarian epithe-
lial cell ; 01, ovarian lumen.
Fig. 18. Electron micrograph of the area enclosed in the rectangle on Fig. 17 at
higher magnification, showing numerous infoldings ( I ) of the funicle plasma mem-
brane. F, funicle cell ; M, mitochondrion ; Oe, ovarian epithelial cell ; Pm, plasma
membrane ; Sp, spermatozoon ; Za, zonula adherence.
Fig. 19. Electron micrograph showing the collapsed basement membrane (Bm) and
the worn-out funicle cells (F) after ovulation. H, haemocoel.


