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ABSTRACT. At present not only is the site of fertilization in ticks still unknown but it is also unclear as to how this mystery can be
solved. Signs of fertilization can be observed throughout the female genital tract and these can be clues for the elfi¢cidation o
unsolved questions relating to ticks fertilization. Boophilus microplugCanestrini, 1887) the most important signs are the
following: the final eversion of the acrosomal canal in females ready for oviposition; the presence of small tubules, gesieanblin
subplasmalemal process of the spermatozoon between the oviduct cells; budding nuclei throughout the female genital heact; and t
two Feulgen and DAPI positive areas in the oocyte at vitelogenesis. These morphological characteristics suggest thiminfertilizat
takes place in the internal cylinder which extends from the uterus to the ovary itself.
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RESUMO. Novas caracteristicas histoquimicas e morfolégicas no trato genital feminino doophilus microplus(Acari:

Ixodidae): uma tentativa para a elucidacdo da fertilizacdo nos carrapatosAté o momento, ndo s6 o lugar da fertilizacdo em
carrapatos € desconhecido, mas também nao é claro como este mistério possa ser esclarecido. Sinais de fertilizacdo podem se
observados ao longo do trato genital feminino e estes podem ser pistas para a elucidacdo das questfes relacionadas anfertilizag
acaros. EnBoophilus microplugCanestrini, 1887), os sinais mais importantes sdo os seguintes: a everséo final do canal acrossémico
em fémeas prestes a oviposicdo; a presenca de pequenos tubulos assemelhando-se a processos subplasmalémicos dos espermatoz6
entre as células do oviduto; brotamentos nucleares ao longo do trato genital feminino e as duas areas Feulgen e DARbgositivas
ovocitos em processo de vitelogénese. Estas caracteristicas morfoldgicas sugerem que a fertilizacdo ocorra no cilindrajirsterno,

se estende desde o Utero até o ovario inclusive.

PALAVRAS-CHAVE. Acari, carrapatos, aparelho reprodutor feminino, fertilizagéo.

In ticks, the precise site of fertilization and theencountered throughout the female genital tract, from
mechanism by which male gametes encounter the oocyte uterus to the ovary depending on the degree to which
are still unknown. Some researchers have suggested ttieg female is engorged. At the very beginning of
fertilization occurs in the oviducts, as is the case iangorgement the spermatozoa are found throughout the
Ornithodoros moubatgMurray, 1877) (WGeNER-  genital tract from uterus to the ovary but as engorgement
Jevseenko, 1958), although Goroschenko (196fud progresses the spermatozoa are impeded from proceeding
BaLasHov (1972) as stated that the ampulla region is theward the ovary by the formation of a ring-like structure
precise site of fertilization in this tick. In the Ixodoidean the oviduct close to the ovary A&cia-FERNANDEZ et
there is no ampulla and fertilization takes place in thal., 1999, 2001), the access to the ovary occurring when
anterior third of the oviduct @asHov, 1972), suggesting this structure disappears and the female is ready for
that the oocyte is fertilized as it passes through this regiomulation.
during oviposition. In the Ixodid ticBoophilus There is also controversy about the mechanism of
microplus (Canestrini, 1887), &cia-FERNANDEZ et al.  fertilization itself. Goroschenko (196&pudBaLasHov
(2001) found evidence that at oviposition the ova are {1972) claims that in the argasids only the nucleus of the
an advanced stage of cleavage, proving that fertilizati@permatozoon penetrates the oocyte, the rest of the
occurs prior to oviposition. spermatozoon being dissolved by secretions produced

That fertilization can occur in the ovary has beeby epithelial cells on the walls of the oviduct and uterus.
suggested by several workersgk & BeavenT, 1948; KHauL (1969) suggests that iArgas (Persicarga$
KHaLIL, 1969,1970; BinTon & OLIVER, 19714, b). Qver  arboreus (Kaiser, Hoogstraal & Kohls, 1968) the
& BrinToN (1973) and Binton et al (1974) observed spermatozoon actively penetrates the primary oocyte
spermatozoa during their migration to the ovary and notéahere it can be seen as being less basophilic than the
their tendency to actively penetrate not only the epithelialytoplasm of the oocyte) and degenerates, leaving only
cells lining the ovary lumen but also those lining thés nucleus which can be seen as a basophilic area of
oviduct. darkly-staining lumps of chromatin. In the ixodid

In B. microplus spermatozoa are progressivelyDermacentor andersolibtyles, 1902), active penetration
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of oocytes by spermatozoa through a structure similar toformation on the fertilization processes in the tick
a micropyle has been suggested by various workeB®ophilus microplus

(BrinTON & OLIVER, 19714, b; QveEr & BrinTON, 1973;

BrinTON et al, 1974; @iver, 1974; SNENSHINE, 1991), MATERIAL AND METHODS

suggesting that only the small nucleus enters the oocytes )

and that the remaining tubular part of the spermatozoon  Ticks were collected from naturally infected cows
does not participate in fertilization but is dissolved byastured on a farm near the town of Viamao, Rio Grande

secretions of the glandular epithelium of the oviduct ardP Sul, Brazil. In the laboratory the reproductive organs
uterus walls. (spermatheca, uterus, oviducts and ovary from females;
Intimate associations between spermatozoa af@stis from males) were dissected out in Shen’s saline
epithelial cells of the oviduct wall have been observeontaining (g/l); NaCl, 9; KCI, 0.42; CaCD.25).
by SokoLov (1956), suggesting that ixodid tick For squash-mounts the reproductive apparatus was
spermatozoa penetrate oviduct cells to obtain nutrienftsed in absolute alcohol:glacial acetic acid (3:1) and
Spermatozoa have been seen in many different cefiguashed in a drop of 45% acetic acid between a cover
throughout the female genital tract and it is likely thalip and slide, the cover slip being removed by the normal
they indeed actively penetrate cella (@ & Brinton, ‘dry-ice’ method. Specimens were stained using the
1973; BrinTon et al, 1974). Phagocytosis of spermatozo#reulgen reaction @foLcen & Rossenseck 1924), periodic
by cells of the wall of the oviduct has also been reporté$id and Schiff reagent (PAS) and hematoxylin or acetic-
by some authors, e.geAcHLiMANN (1958) inO. moubata  orcein (La Cour, 1941) and counter-stained with fast-
and TiLL (1961) inRhipicephalus appendiculatus green. Spermatozoa (obtained by piercing different
(Neumann, 1901). regions of the ovary when the ring-like structure had
Garcia-FErnANDEZ et al. (1999) described the disappeared) were immersed in a drop of saline placed
oviduct ofB. microplusas being formed by two concentricon a glass slide, air-dried and stained with PAS and
cylinders made up of different cell types, with the interndlematoxylin. These specimens were examined under light
cylinder extending throughout the whole female genitdnicroscope at an appropriate magnification.
tract from the oviducts to the ovary. These authors have  In order to see the movement of the spermatozoa,
also suggested that the internal cylinder functions aghe oviducts from the middle engorged females were
germarium, while the ovary acts as a vitellarium, witfisolated and observed between a cover slip and slide in a
fertilization occurring throughout the internal cylinderdrop of saline under phase contrast microscopy. In some
(Garcia-FernAnDEZ et al, 2001). places the oviduct was broken by moderate pressure
In spermatozoa, invagination of the acrosomal can@Pplied to the cover slip and some spermatozoa became
has previously been interpreted as a flagellum by varioggrtially or totally free.
authors (8vsom, 1909; GsTeeL, 1917; GrervANN, 1935; For fluorescence microscopy, squash mounts were
TuzeT & MiLLoT, 1937; $iarMA, 1944) but it is now seen Prepared as above and immersed for one hourin 1:1 DAPI
as an acrosome which invaginates when the sperm déi -6-diamino-2-phenylindole):Mcllvaine buffer
reaches the oviduct @Rer 1963; KuaLiL, 1969, 1970; (Scrweizer, 1980, 1981 andigczarka et al, 1996),
BrinTon etal., 1974; ELoman-Munsam & FiLsHig, 1976;  mounted in 1:1 glycerol:Mcllvaine buffer and examined
SuLeMaN & Brown, 1978: E Saib & Swiperskl, 1980: £ under a fluorescence photomicroscope equipped with a
SHoura, 1987). IrB. microplusit has yet to be elucidated G365 FT 395 LP 420 Zeiss filter. -
if the nucleus of the spermatozoa (which lies lateral and ~ Material for sectioning was fixed either in 4%
adjacent to the acrosomal canal) passes to the interiogfaformaldehyde or 3% gluteraldehyde and 1%,as0
the acrosomal canal and if this canal is everted at the tifdd M sodium phosphate buffer (pH 7.4). The material fixed
of fertilization, as described byNRerTon et al (1982) in  in paraformaldehyde was embedded in glycol-metacrylate
the soft tickO. moubata and cut into 2-3 pm sections on a RMC ultratome using a
Spermatozoon movement has been characterizégy diamond knife and stained either with hematoxylin
as rotatory and worm-like byiSrma (1944), gliding by and eosin or by the PAS hematoxylin method. The
RoTHscHILD (1961) and Roer (1974) and ‘rolling-up and Material fixed in gluteraldehyde and Qs@s embedded
folding out’ by B Saib & Swiperski (1980). The structures in epon and semi-thin sections were stained with toluidin
involved in this movement are the cellular procességue. Thin sections were obtained from testis stained with
(RoTHscHILD, 1961; RGer, 1974) running parallel to the uranyl acetate and lead citrate and examined using
long axis of the spermatozoon, the bulbous hemisphelf@nsmission electron microscopy.
of the anterior tip of the spermatazoa, for whictSkip
& Swiperski (1980) suggested a tactile function, and the RESULTS
clavate region in which the mitochondria are crowded

and which represents the active end with which the sperr]n Modification in the structure of spermatid; from
moves forward followed by the tail region. the testis to the ovary. When the spermatids arrive at the

In ticks, the process by which fertilization proceedSPermatheca they are comma-like as in the testis with the
is still largely unknown but a deeper understanding djCleus extending in a spiral throughout the length of
this matter is important because it may provide insighf€ SPermatid (Fig. 1), within the testis the nucleus is
into how the fertility of ticks is controlled, which in turn 10cated between the plasma membrane and the
may lead to biotechnological measures for the control §¢PPlasmalem processes (Fig. 2). In the anterior portion
tick populations. Our study aimed at providing mor@' the spermatid (the clavate or paddle region)
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microtubules can be observed (Fig. 3). The spermathette oviduct was broken in such a way that some of the
is the portion of the female genital tract where eversicspermatozoa were only partially released, the free
of the inner core of the spermatid as well as thgpermatozoa showed a light oscillating movement with
invagination of the acrosomal canal and the consequehe paddle region generally oriented toward the exterior
relocation of the nucleus below the cellular processed the oviduct while those spermatozoa which were
take place (Fig. 4). In the uterus and oviducts, capacitationmpletely free from the oviducts did not show such a
of the spermatozoa continues as can be seen by thevement. During the last step in capacitation, the
different degrees of chromatin condensation ending ineversion of part of the acrosomal canal can be seen in the
fine filament with a knob at its extremity (Figs. 5-7). Wherovary (Figs. 8, 9).

Figs. 1-9. Spermatids in the testis and their modifications throughout the female genital tract from the spermathecarto the ova

in the spermatheca, spermatid before eversion is comma-like and has a nucleus extending as a spiral throughout its length; 2,
transversal thin section of a spermatid from the testis, showing the nucleus between the plasma membrane and the subplasmalen
process; 3, microtubules (arrows) in a transversal thin section of the clavate region of the spermatid from the testisdifialong

thin section of an everted spermatid from the oviduct, the nucleus is located paralel to the acrosomal canal; 5, 6, pnogteasive
condensation (arrows) of spermatozoa from the uterus to the oviducts of females in the process of engorgariemiciéar
condensation (thin arrow) of spermatozoon in the oviduct of a female in the process of engorgement with the knob at tie end of
nuclear filament contacting the oocyte nucleus (thick arrow); 8, 9, partial eversion of the acrosomal canal (bracketsg imnthatur

fully capacitated spermatozoon in the ovary of fully engorged females. (AC, acrosomal canal; K, knob; NF, nuclear filament; NU,
nucleus; PM, plasma membrane; SP, subplasmalem processes). Figs. 1, 5-7, squashes stained with PAS—hematoxylin; Figs. 2, 3,
electron microscope sections of spermatids; Figs. 8-9, spermatozoa obtained by piercing ovary tissue at the end of engorgement
PAS—-hematoxylin. Figs. 1, 4-9, bar, 10 um; Figs. 2, 3, bar, 2 pm.
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Interactions between spermatozoa and cells of tloglinder their nuclei are uniformly thin and long (Figs. 10,
uterus, oviduct and ovary. There are two clearly differertl) but when the tail of spermatozoa touches the oviduct
parts in the tick spermatozoon, the head and the tail; timernal cells, condensation and retraction of the nucleus
head being the part of the spermatozoon ending in tbéthe spermatozoon in the direction of the oviduct cells
bulbous hemisphere and the tail the part which bringsn clearly be seen and it can be noted that the thin part
the sperm nucleus. There is an evident contact betwegfrthe nuclear filament which ends in a knob is the first
spermatozoa and cells that form the internal cylinder (Figsart to adhere to the cell.

10-12) which extends into the interior of the ovary. The Tangential sections of the oviduct also show that
sperm cell adheres to the female cell by its head, thatéense structures related to the spermatozoa appear
by the bulbous hemisphere (Fig. 12), as well as by tlpgessed among the cells of the internal cylinder. Many
tail-like region (Figs. 13-15). small transversely-cut tubules can be seen which are
While the spermatozoa are free in the internaimilar to the characteristic cellular processes of the

ll e

Figs. 10-15, close contact of spermatozoa with the internal cylinder cells (arrows), the arrow in figure 12 indicates \bodveuthe
hemisphere of the head of the spermatozoa is adhered to the internal cylinder cells. Nuclei of free spermatozoa in tkethimen ar
and long (head arrows); 13-1adhesion of the tail-like region of spermatozoon to the oviduct cells. Spermatozoa nuclei become more
condensed and retracted (CT, cytoplasm oviduct cell; EC, external cylinder; IC, internal cylinder; NF, nuclear filamenmaikJ, fe
cell nucleus, PR, paddle region; SPZ, spermatozoon; TR, tail-like region). Fig. 10, glycolmethacrylate section stainedatuixiylimem
eosin; Fig. 11, glycolmethacrylate stained with Feulgen-fast-green; Fig. 12, epon semi-thin section stained with toludiig HiBie;
orcein-fast-green squash; Figs. 14, 15, PAS-hematoxylin squashes. All the figures are from oviduct, except Fig. 11 wimidhes fro
uterus. Bar, 10 um.
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spermatozoa (Figs. 16, 17). Large, well-delineated vesicleslls of the internal cylinder are columnar (Fig. 10) but
can also be seen which are filled with densely stainethen the spermatozoa are crowded, forming masses in
homogeneous material, these vesicles being insidee lumen, they are pressed against to the cells of the
another, non-homogeneous, structure which is als$aternal cylinder and the cells become cubical and filled
delineated by a wall (Fig. 17). with small vesicles which give rise to larger vesicles and,

The presence of spermatozoa close to ovarian cell§imately, one big vesicle (Figs. 25, 26). A globular
can be observed in the internal cylinder which alsstructure (sometimes very basophilic, sometimes only
extends to the interior of the ovary (Figs. 18, 19). Buddingroderately so) can be seen inside the large vesicle, and
nuclei of the oviduct cells can be seen in both squasiso a clear granulation inside the less basophilic globular
mounts (Figs. 20-23) and histological sections (Fig. 24%tructures (Fig. 26).

Structural modifications of oviduct cells. Structural In the ovary, at the beginning of vitellogenesis,
modifications occur in the oviduct internal cylinder cellglobular structures with basophilic granulation similar to
which maintain contact with spermatozoa. The form dhat described in the previous paragraph can also be seen
the cells of the internal cylinder depends upon th@ig. 27). Oocytes in the process of vitellogenesis
guantity of the spermatozoa in the lumen of the ovidudiBalashov stage lll, i. e. at the beginning of the
When the spermatozoa are not crowded in the lumen, thgpearance of many small yolk-granules) present two

Figs. 16-19, semi-thin tangential sections of a region of the oviduct near the uterus: 16, dense structures projectinthéowards
interior of the internal cylinder (thick arrow) and small transversely-cut tubules forming part of the walls of the detsesstftinn

arrows); 17, large, clearly delimited vesicles filled with an homogeneous dense material containing densely stained &trirctures
arrows), the large vesicles being inside another non-homogeneous structure delimited by a wall (thick arrb®)oi8ies from

females close to ovulation, clearly showing contact between the spermatozoa and the ovary cells (thick arrow). The irfigptrén the

18 shows the section in detail, where an accumulation of PAS positive granules can be seen in the region of contact as well as
longitudinal processes issuing from the spermatozoon (IC, internal cylinder; L, lumen; OO, oocyte; SPZ, spermatozoo6).1Figs. 1

are semi-thin epon sections stained with toludine blue. Figs. 18, 19 are glycol-metacrylate sections stained with PASihematoxyl
Bar, 10 pum.
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Feulgen-positive areas opposite to each other, althougtrosomal canal, here observed for the first time in ixodids.
the nucleus itself is not Feulgen-positive, appearing onln the argasidArgas miniatus(Koch, 1844) the
as a faint structure (fig. 28). The same Feulgen-positivwvagination of the acrosomal canal (misinterpreted as a
areas are present when stained with DAPI (Fig. 29). flagellum by GisteeL, 1917) occurs while the spermatozoa
are within the spermatophore sac in the spermatheca. In
DISCUSSION Ornithodoros moubata(PnkerTon et al, 1982) and in
Ornithodoros tholozani(Tholozan, 1879) and
Spermatozoa in both ixodids and argasids undergarnithodoros gurneyi{Warburton, 1926) (EbomaN-
a series of modifications within the female genital tractylunsam & FiLsHig, 1976), the acrosome evaginates only
one of these being the opening of the operculum at tiden the sperm cell has reached the oviduct, this having
anterior extremity of the spermatozoa which allowslso been noted iArgas miniatusdy KhaLiL (1969). In
eversion of the inner core (@R & BrinTon, 1973) and  B. microplusthe evagination of the acrosomal canal was
the formation of the acrosomal canali@fret al, 1978). observed in the ovary and only at the time of ovulation.
Some authors distinguish a final step in the morphologic&he reason why the acrosome remains hidden within the
differentiation of spermatozoa of various argasids, e.gperm cell for most of the time is unknown but this may
eversion of the acrosomal canal before penetration ficilitate transport of the sperm through the genital tract
the oocyte and relocation of the nucleus to the interior ahd the preservation of acrosomal enzymes. The eversion
the eversion (&rteeL, 1917; @prermann, 1935; Wiener-  Of the acrosomal canal might be an event signaling the
Jevseenko, 1958; KuauiL, 1969; ELoman-Munsam &  encounter of the male and female gametes, i.e. fertilization.
FiLsHig, 1976; Qiver, 1982; MvkerTon et al,, 1982). Another step in sperm capacitatiorBnmicroplus
One step in the capacitation &t microplus may be the progressive condensation of its nucleus in
spermatozoa seems to be the partial evagination of tthe direction of the tail-like region, although it should be

& 22

Figs. 20-24, feulgen-stained squash mounts of the internal cylinder of oviducts suggesting fusion of the spermatozoaemidthethe f
cell nuclei; 24, a section of the region corresponding to the squashes shown in Figs. 20-23, suggesting fusion betwerattizeasper
and female cell nuclei (epon-toludine blue). Arrows indicate spermatozoa nuclei (NU, oviduct cell nucleus). Bar, 10 um.
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Figs. 25-29, the lumen of the oviduct showing many spermatozoa in close contact with the cells of the internal cylilederfiltbelt

with vesicles of different sizes; 26, the mass of spermatozoa is being retracted and the small vesicles have fused intesbigndes

in the interior of theses big vesicles are globular structures with granulation visible inside them; 27, ovary at the befjinning
vitellogenesis with basofilic granulation in globular structures similar to that of Fig. 26. Figs. 25, 26 are semi-thiis séatiaducts

in the process of engorgement stained with hematoxylin-eosin; Fig. 27 is a semi-thin section of the ovary of a normally-engorge
female stained with hematolxylin-eosin; 28, Feulgen-stained mount of an oocyte in the process of vitellogenesis isolated from
ovary with the two Feulgen-positive areas (thin arrows) opposite each other. The nucleus is the faint Feulgen negateeTéteuctur
funicular cells rest at the base of the oocyte (thick arrows); 29, DAPI stained mount of an oocyte from a portion of thghtyary
squased in the process of vitellogenesis with two DAPI positive areas (thin arrows) opposite each other, correspondiegl¢erihe F
positive areas in Fig. 28. The nucleus is the faint structure and the funicular cells resting at the base of the oocytepasEtiDé\P
(thick arrow). (EC, external cylinder; G, granules; IC, internal cylinder; L, lumen; NU, nuclear zone; OO, oocytes; SPatpsparm
VS, vesicles). Bar, 10 pm.

pointed out that what many authors refer to as the taibngitudinally-oriented fibrils which run beneath the cell
like region should in fact be looked upon as thenembrane of the spermeievan-MuHsam & FILSHIE,
morphological head, as suggested by1€eL (1917). The 1976). Our observations of semi-thin and thin sections of
fine filament which emerges from the nucleus anthdividual B. microplusspermatozoa within the lumen of
terminates in a knob-like structure could be related to tleviducts confirm that they have inherent movement,
adhesion to oocytes. based on the multiple forms which they display in
In elucidating the mechanism of fertilization in tickssections. When the intact oviduct was mounted in saline
it is important to know how the spermatozoon reachesd observed using phase-contrast microscope, masses
the oocyte. Several researchers have described the actif/diving spermatozoa were clearly seen moving down
movement of spermatozoadfiscHiLp, 1961; Rcer  the oviduct. This suggests that the movement of the
1974; FEtbmMAN-MuHsam & FitsHiE, 1976; B Sap &  sperm cell, named translatory movement laypkan-
Swiperski, 1980), this movement appearing to be relateblunsam & FiLsHie (1976), is passive and caused by
to either undefined cellular processes or thperistalsis of the oviducts. The end of the clavate region
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of the individual spermatozoon is the only part of théteerm, G. 1995. Comparative spermatology of Chelicerata:
living cell which can be observed actively moving and Vie% 53”de‘zrdsspegtc'j‘\’gr::cg’;“"i'ﬁsg’;’ean-q;‘c-)Z'\gsl A';ﬁ;l’é ;én%/ and
its function still remains unknown. It can be_ suggested Taxonomy. Mémoires du Muséum National
that the adhesion of the bulbous region of the g§'Histoire Naturelle 166:203-230.
spermatozoon to the ovary wall might represent Bacastov, Y. S. 1972. Bloodsucking ticks (Ixodoidea) vectors
necessary mechanism involved with the movement of of disease of man and  animals (English translation).
the sperm cell. The presence of microtubules in this '\S/"S.Ce”a”eous Publications of the Entomological

. . ociety of America 8:161-376.
region may be related to the movement of this part of thg o, L. P. & Quver, J. H., & 1971a. Gross anatomical,
sperm. RceRr (1974) failed to find microtubules in  histological, and cytological aspects of ovarian
Dermacentor andersorat any stage of development. development inDermacentor andersonitiles (Acari:
Microtubules. however, are ciearly ssenin the spermarid "SgHse)ihe Jouns, of Fassioony ST Lo,
of some species of spidgsLeerri, 1995)' . " in Dermacentor andersonBti?es (Acari: Ixoydidae).TherJ

Based on the presence of cells with budding nuclei journal of Parasitology 57(4):720-747.

from the oviduct to the ovary, our results suggest thakinton, L. P.; Bureporer W. & Ouiver, J. H., & 1974.
the spermatozoon contacts with the oocyte in the Histology and fine structure of spermatozoa and egg

; in di ; ; ; passage in the female tract @ermacentor andersoni
germarium in different regions of the genital tract. Budding Stiles _ (Acari: Ixodidae) Tissue and Cell 6109-125,

nuclei mlght be mdlcatlve. of Syf‘gamy as shown by théASTEEL, D. B. 1917. Cytoplasmic inclusion in male germ cell
fact that they appear in oviduct cells only near of the fowl tick. Journal of Morphology 28:643-683.
spermatozoa and that, in the ovary, budding nuclei appe&arsap, A. & Swioerski, Z. 1980. Regional specialization of
in the interstitial cells which are the first cells to make the sperm membrane in the tickmblyomma hebreum
contact with spermatozoa coming through the lumen of Koch (Acari: Ixodidae).Cell and Tissue Research 208

the ovary. We suggest that cells with bUddmg nuclei aEeL SHOURA.\, S. M. 1987. Spermatogenesis ultrastructure in the

cells of the mternal Cylmder, (’@CI_A'FERNANDEZ etal, . tick Argas (Persicargas) arboreus(Acari: Ixodoidea:
1999,2001),Wh|Ch eXtel’ldS |tse|f|nt0 the Ovary Budd|ng Argasidae)ﬂ]ourna| of Medical Entom0|ogy 24532-
nuclei representing expulsion of DNA from the female 535. .
nucleus as an alternative to reductional divisions seerﬁ‘s}tDMAN-MUHSAMv IB-t& FiLsHie, B. K. flizﬁ- Scanr_"n% and .
H H. HE H ransmission electron microscopy o € spermiopnores o
V.erylmprObable'.The cells cor_1ta|n|ng nuclei with highly Ornithodoros ticks: an attempt to explain their mobility.
diffused chromatin observed in the external wall of the Tissye and cell g3):411-410.
external cylinder could represent the next step aft@tuicen, R. & Rossenseck H. 1924. Mikroskopisch-chemischer
fertilization, these cells moving to the ovary (vitellarium), Nachweis eine Nucleinsaure von Typus der
where vitellogenesis occurs Thymonucleinsdure und die darauf beruhend Elektive
s i . Farb Zellk in mikroskopischen Pra ten.
Feulgen-positive areas outside the nucleus were ;i 13 490 ‘;hyesrig‘fgg;n Chormis 13t 208 2ag o aen
observed irD. mOUbatd:)y GE|GY&WAGNER (1957) and GaRciA-FERNANDEZ, C.: GarciA, S. M. L. & Garcia, R. N. 2001.
WacNer-JEwseenko (1958), who interpreted these areas Changes in the oviducts after fertilization of the cattle
as being DNA particles discharged from the nucleus, but tick Boophilus microplus(Canestrini, 1887) (Acari:
in Argas persicus(Oken, 1818) (BSHDY, 1961) and I:%xg(c;l)d%e?)_gnsgvertebrate Reproduction and Development
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