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INTRODUCTION.

The aberrant sperm of ticks has been the subject of investigation for a number of
years. Unfortunately most of the previous workers employed fixatives containing fat
solvents, such as acetic acid, chloroform and alcohol, etec., and therefore failed to identify
correctly the lipoidal cytoplasmic components even in such large cells as the spermato-
cytes of Argasines (fowl-ticks).

In the present paper an attempt has been made to work out in detail the spermato-
genesis of three ticks, viz., cattle-tick, Hyalomma aegyptium (Linné); dog-tick, Rhipi-
cephalus sanguineus (Latreille) and fowl-tick, Argas persicus (Oken), with special reference
to the Golgi elements, mitochondria, centrosome and the unique mode of locomotion
in this bizarre sperm, Attention has also been paid to the development of the head,
consisting of the nucleus and the acrosome, which shifts its position from the anterior
end of the sperm, moving backwards in & gelatinous layer surrounding the sperm, and
ultimately reaching the posterior end. In the meantime the anterior end of the sperm
invaginates in such a way that the centrosome which is, to begin with, situated at the
anterior end, now takes its position at the posterior end of the sperm. It is remarkable
" that the sperms as described above are still immature and are found only in the testis and
the vas deferens of the male. Fully mature sperms are met with only in the genital tract
of the female. These are formed by another process, now of evagination, by which they
become double their length in the male,
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PREVIOUS LITERATURE.

‘Very little has previously been published on spermatogenesis in ticks. A. Bonnet
{1907) refers to it and Samson (1909) has published a preliminary note on the subject
while Robinson and Davidson (1914) refer but briefly thereto. None of these publica-
tions fulfils the demands of & modern investigation of spermatogenesis; neither as regards
terminology, nor in the attempt to trace the development of different elements is any
attention paid to former scientific results on the subject. Under these circumstances
it is scarcely possible to discuss the details of these papers; some of the stages described
in them can by the aid of the figures be put into their proper places, others are impossible
to identify.’

In these words Nordenskicld (1920) has reviewed the earlier literature on tick sper-
matogenesis. He worked on Ixodes ricinus Linn. and in this paper he also refers to his
earlier communication (1909). Nordenskiold (1920) has given a remarkably faithful
descripticn of what he saw in his preparations, but he has failed to give the correct homo-
logies of several structures. In both of his communications the fixatives used were
Carnoy’s alcohol-chloroform-acetic acid and Flemming’s chrom-osmic-acetic acid, and
it is due to this unsuitable technique that he has throughout mistaken the mutilated
Golgi elements for the mitochondria, which, being finely granular, escaped his notice
completely. This is not surprising as the Golgi apparatus was discovered in 1898, and for a
long period it continued to be examined in the nerve cells only. Nordenskicld has des-
cribed and shown in his figures the union of the nucleus with a deeply staining body to
which he refers as the ‘mitochondrial body’. This, as I have shown, is really the
acrosome formed by the fusion of the Golgi elements.

Nordenskitld did not refer to the work of S. R. Christophers (1906) and D. B. Casteel
(1917).

Christophers (1906) worked out the anatomy and histology of a number of ticks,
viz., Ornithodoros, Rhipicephalus and Hyalomma, etc., and has made a very brief reference
to the structure of the sperm in male and female ticks.

Casteel (1917) worked on the fowl-tick, Argas mindatus Koch and gave a complete
account of the cytoplasmic inclusions and the histogenesis of the spermatozoon. He,
however, did not describe the Golgi elements as such but he saw them and named them
ag ‘vesicular bodies’. He is also of the opinion that these ‘vesicular bodies’ appear
de novo in the cytoplasm. Casteel further states that the ‘vesicular bodies’ degenerate
during the early stages of spermateleosis and thus no acrosome is formed. He also believes
that the oil droplets, which appear when the ‘vesicular bodies’ are degenerating, are
produced by the latter.

In view of Nordenskitld’s and Casteel’s excellent papers on the subject, Warren
(1931 and 1933) has certainly erred in deriving a large number of sperms from a single
spermatid. His description cuts at the root of the chromosome hypothesis and cannot
be accepted. Strange as it would appear, he has not shown or described any Golgi
elements in his spermatids but he has correctly referred to certain granules which are,
according to him, possibly mitochondria. This has been probably due to the fact that
the fixation was done with alcoholic Bouin.

Oppermann (1935) worked out the origin of the huge sperms of Argas columbarum
(Shaw) (reflexus F.). He worked mainly on chromosomes, and confirmed the results of
Casteel. He, however, does not believe that the ‘vesicular bodies’ form oil droplets,
whose existence he denies completely.

Tuzet and Millot (1937) gave a comprehensive account of the spermatogenesis of the
Izodes. They have interpreted the spermatozoid as the spermiophore and the head of
the sperm as the complete spermatozoon. But they were the first to identify the vesicular
bodies as the ‘dictyosomes’.

2B



G. P. SHARMA: STUDIES ON SPERMATOGENESIS IN TICKS. 307

MATERIAL AND METHODS.

The cattle-ticks, dog-ticks and fowl-ticks were collected from cows in Lahore dairies,
street-dogs in Lahore and Ambala and fowls from the Lahore market respectively.

For dissecting out the testes the tick is first placed in a drop of normal saline on a
glass slide. The thorax is held in position by means of a needle with one hand and the
tip of the abdomen is cut off with the other, using the sharp blade of a safety razor. The
contents of the abdomen are squeezed out by slight pressure and the testes, which are
whitish in colour, are easily spotted. )

As pointed out by Nordenskitld the testicular material of ticks is most refractory.
It is difficult to fix and stain it satisfactorily on account of the presence of a thick striated
wall bounding the late spermatogonia, spermatocytes and the early spermatids. Never-
theless 1 obtained very satisfactory results with Flemming-without-acetic followed by
0:5%, iron-hematoxylin. Bouin’s fluid followed by 0:59, iron-hematoxylin was used
as control.

Smears of the testicular material were also made in Flemming-without-acetic diluted
with an equal quantity of water and these were also stained with 0-5%, iron-hematoxylin.
Smears are indispensable for the study of this sperm.

Fresh material was also studied in & drop of normal saline under a coverslip. Then
a drop of 29, osmic acid was run under the coverslip and the material was again studied
during the process of osmication.

Feulgen’s reaction was tried after a number of fixatives (Apathy, Bouin-Allen,
Bouin-Allen with sublimate, Carnoy (3 :1), Carnoy (6:3:1), Carnoy-Lebrun, Champy,
Chromo-acetic and Flemming) but the best results were obtained after fixation with
strong Flemming solution.

Breinl preparations for the differentiation of the nucleus from the acrosome were also
prepared.

Nile blue sulphate was vsed to test the presence of oil droplets in the late spermatids.

OBSERVATIONS.

Since the process of sperm formation is more or less identical in the three species of
ticks described here, it seems best to give one general account for all of them. Minor
differences will be pointed out in the text, which is illustrated by figures from all the three
species.

Spermatogonia.

The primordial germ cells, from which the spermatogonia are differentiated, are
fairly large in size in all the species. In each case there is a vesicular nucleus, showing
a deeply staining nucleolus (Plate XTIII, figs. 1 and 11 and Plate XIV, fig. 1) but in cattle-
ticks there may be two or more nucleoli (Plate XIII, fig. 2). In the cytoplasm can be
frequently found a juxta-nuclear mass of fine granules which appear greyish after the
iron-hematoxylin stain. These granules are probably mitochondrial in nature; but in
spite of the most diligent search, I have invariably failed to find any granules which I
could assign to the category of the Golgi apparatus. .

The Golgi elements seem to put in their appearance for the first time in the spermato-
gonia, in which it becomes increasingly difficult to demonstrate the mitochondria on
account of their finely granular nature and uniform dispersal throughout the cytoplasm.
The Golgi elements appear either as rings, each showing a chromophilic rim and a chromo-
phobic interior, or as crescents (Plate X111, figs. 3 and 12 and Plate X1V, fig. 2).

The deeply staining nucleolus of the primordial germ cells undergoes certain changes
in the spermatogonia. In the spermatogonial nuclei of the dog-ticks the nucleolus remains
single (Plate XIII, fig. 12), but in those of the cattle-ticks there are generally found more
than one such bodies (Plate XIII, fig. 3). The nucleolus of the fowl-tick, however, seems to
have undergone a process of differentiation which makes it appear as an ampbinucleolus,
showing a ground substance of lightly staining plastin, in which is embedded a deeply
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staining mass of chromatin-like substance. Very often this latter mass is removed from
the plastin ground substance due to mechanical reasons (Plate X1V, fig. 2).

The thick striated wall, which is highly characteristic of the spermatocytes and early
spermatids, is lacking in the early spermatogonia, but it seems to develop during their
growth period with the result that the late spermatogonia also show it (Plate XI1II, figs.
4 and 5).

Spermatocytes.

The resting primary spermatocytes are large rounded cells, but they may be angular
on account 0f overcrowding (Plate X1III, figs. 6 and 13 and Plate X1V, fig. 3). They are
bounded by a thick wall which shows prominent transverse striations limited at both
ends by a structureless membrane. This striated wall is highly characteristic of the
spermatocytes, both primary and secondary, and the early spermatids. The nucleus of
these cells shows the same general structure as that of the spermatogonium. The
mitochondria. and the Golgi elements are exactly similar to those described in the
spermatogonia, but they are more abundant.

During the first meiotic divisions, which are not commonly met with, beautiful
chromosomal tetrads can he seen (Plate XIII, fig. 7 and Plate XV, fig. 1). The meiotic
gpindle is a fusiform area but is completely devoid of any fibrillar structure. At each pole
of the spindle there is a deeply staining conspicuous centrosome, which also is devoid of
astral rays. The mitochondria and the Golgi elements are distributed more or less in
equal halves to the two resulting secondary spermatocytes (Plate X111, figs. 8 and 14 and
Plate X1V, fig. 4). These latter differ from the primary spermatocytes in their larger
size and still thicker striated walls,

During the second meiotic divisions, which again are not very common, similar
even sorting out of the Golgi elements and the mitochondria takes place (Plate XV, figs.
2 and 3). Very often prominent diads can be seen arranged at the equator of the spindle
(Plate XV, fig. 2).

Spermateleosis,

At the very outset may be recorded what seems to be a unigque phenomenon, viz.,
that the final stages in spermateleosis in ticks are completed in the genital tract of the
female.

The earliest spermatid I have been able to obtain from my preparations is illustrated
in fig. 4, Plate XV. It is, as usual, smaller than the spermatocytes, and the chromosomal
vesicles are still separate. The telophase chromosomes now fuse to form a deeply staining
condensed nucleus (Plate XV, fig. 5). This generally stains homogeneously, but sometimes
reveals one or more deeply staining chromatin granules inside it (Plate X111, fig. 15 and
Plate XIV, fig. 5). The striated wall of these cells is even thicker than that of the
secondary spermatocytes. The mitochondria and the Golgi elements are exactly similar
to those described for the earlier stages, but they have now a distinct tendency to collect
near the nucleus.

The further development of the spermatid is heralded by a change in the position of
the nucleus which moves through the cytoplasm and reaches the periphery of the cell.
(Plate XIII, figs. 9 and 10 ; Plate XIV, fig. 6 and Plate XVII, fig. 1). It now begins to
stain feebly till in late spermatids it is very difficult to stain it. However, it still reveals
one or more deeply staining chromatin granules inside it (Plate XIII, figs. 9 and 10; and
Plate XVII, fig. 1). There are also present Golgi elements which begin to move towards
the nuclear pole. The mitochondrial granules move in the opposite direction and these
now become aggregated to form a prominent mass. This mitochondrial mass is most
prominent in the fowl-tick, where it is definitely ring-like (Plate XIV, figs. 6 and 7),
and can be seen even in the living condition without the help of any dye.

The striated cell wall at this stage completely disappears from the nuclear pole and
becomes much thinner at the posterior pole opposite the nucleus (Plate X111, figs. 9 and 10;
Plate X1V, fig. 6 and Plate XVII, fig. 1). Frequently it is possible to observe a big darkly



G. P. SHARMA: STUDIES ON SPERMATOGENESIS IN TICKS, 309

staining granule (Plate XIII, fig. 9) which on differentiation may even appear as & ring
(Plate XVII, fig. 1) embedded in a circular clear area. This is probably the centrosome.
The posterior pole now begins to be invaginated at the point where the striated cell wall
becomes attenuated (Plate XIII, fig. 10-and Plate XIV, fig. 6). During this process of
invagination the outer membrane of the striated cell wall completely disappears and the
striations, as if released from pressure, now become much longer (Plate XV, figs. 6 to 8 and
Plate XVII, fig. 2). As a result of this remarkable process of inpushing there is included
in the posterior region of the cell a large vesicle, the invagination cavity. The long
striations included in the invagination cavity gradually disintegrate. When fully formed
the invagination cavity shows fine granules in its interior, which are probably derived from
the disintegrating striations (Plate XV, fig. 9; Plate XVI, fig. 8 and Plate XVII, fig. 3).

The centrosome, which hitherto has been inconspicuous, now becomes prominent
and takes its position at the anterior pole of the invagination cavity (Plate XV, fig.9;
Plate XVI, fig. 8 and Plate XVII, fig. 3), but quite outside it. In form, the centrosome
is now definitely ring-like, and very often there can be seen a cone made up of fibres lying
immediately behind the centrosome. These fibres are most probably the remnants of the
striations of the thick cell wall which became invaginated (Plate XV, figs. 9 and 10 and
Plate XVI, fig. 8).

In the meantime most of the Golgi elements fuse together to form the acrosome,
which ultimately takes its position at the anterior end of the nucleus in the form of a beak
(Plate XV, figs. 7 to 10 and Plate XVII, figs. 2 and 3). The remaining few Golgi elements
seem to degenerate and are included in the invagination cavity where they disappear
completely (Plate XV, fig. 8).

The spermatid now begins to elongate and thus the invagination cavity is produced
into a long tube called the outer tube, in contra-distinction to the inner tube which deve-
lops subsequently (Plate XV, fig. 11; Plate XVI, fig. 9 and Plate XVI], fig. 4). During the
development of this outer tube the mitochondrial ring at the nuclear pole in fowl-tick
preparations breaks up into fine granules and these now collect round the centrosomal
end of the elongated tube (Plate XV, figs. 11 to 16 and Plate XVT, fig. 9).

The head, consisting of the nucleus and the acrosome, now begins to curve backwards
with the result that the acrosome points towards what is morphologically the posterior
end of the sperm (Plate XV, figs. 12 to 16 and Plate XVII, fig. 5). The nucleus loses its
chromaticity and becomes finely granular (Plate XV, fig. 12). Ultimately the head
becomes so much attenuated that it is difficult to distinguish the nucleus from the acrosome
(Plate XVI, figs. 1 and 2).

In smears the head of the sperm, consisting of the nucleus and the acrosome, is very
much flattened out in the form of a finger-like process on account of pressure with the
result that all details are often lost (Plate XVI, fig. 4 and Plate XVII, fig. 6).

Now begin two remarkable, indeed unique, processes which make the tick sperm
probably the most complicated and fantastic sperm in the animal kingdom. One of these
processes consists of the unusual movements of the centrosome and the other of the head
of the sperm, both processes taking place simultaneously. The centrosome, which was
hitherto situated at the anterior end of the outer tube, begins to migrate backwards into
the outer tube along a homogeneous core which has in the meantime developed from the
granules derived from the disintegrating striations, with the result that a funnel carrying
the centrosome at its apex is formed (Plate XV, fig. 13; Plate XVI, figs. 2, 3, 9 and 10 and
Plate XVII, figs. 6 and 7). This process of invagination of the outer tube at the centrosomal
end continues, till, with the elongation of the funnel, the centrosome is carried right up
to the posterior extremity of the outer tube. An inner tube thus comes into existence
(Plate XVI, figs. 5 to 7 and 10 and Plate XVII, figs. 7 to 9).

Simultaneously with the formation of the inner tube the head, consisting of the
nuclens and the acrosome, also moves backwards along the outer surface of the outer
tube in a gelatinous layer which completely surrounds the latter (Plate XVI, figs. 5 and 6).
By the time the inner tube has completed its development the head of the sperm has
migrated posteriorly so much as to lie close to the centrosome (Plate XVI, fig. 7 and Plate
XVII, figs. 8 and 9). At this stage the head is frequently seen coiled round the outer
tube (Plate XVII, fig. 8).
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When the centrosomal end of the outer tube is invaginated to form the inner tube,
the mitochondrial granules simply flow into the lumen of the latter (Plate XVI, figs. 5
and 10).

At this stage it is often possible to observe one or two prominent stripes on the
surface of the inner tube (Plate X VI, figs. 6 and 7; Plate XVII, figs. 9 and 10 and Plate
XVIIL, fig. 1). A careful examination of the transverse sections of the sperm reveals that
these stripes are formed by folding up of the wall of the inner tube, due to pressure
exerted by the outer tube (Plate X1V, figs. 8 and 9).

In this immature condition the spermatozoa leave the male tick and their final deve-
lopment takes place in the genital tract of the female. The spermatozoa in female tick
(Plate XVIII, fig. 2 and Plate X1X, figs. 1 to 4) when compared with those in the male are
almost double in length. They are formed by a peculiar process of evagination by which
the centrosomal end of the inner tube (which is morphologically the anterior end of the outer
tube) pushes its way through the posterior end of the outer tube (Plate XVII, fig. 10 and
Plate XVIII, fig. 1). This remarkakle process was observed by me in the fowl-tick only,
but presumably it takes place in the other species also. During this process the inner tube
is dragged behind it by the centrosome and the outer tube slips backwards along the
outer surface of the inner tube until a single tube is formed. As a result of this peculiar
evagination the outer tube is turned inside out and thus the posterior end of the outer
tube which was formerly round the certrosomal end of the inner tube, now lies at that
end of the single tube wlich is opposite the centrosomal end (Plate XVIII, fig. 2 and
Plate XIX, figs. 1 to 4).

The inevitable result of this process is that the head of the sperm which was originally
Iying on the outer surface of the outer tube now gets included into the lumen of the
posterior end of the single tube formed (Plate XVIII, fig. 2 and Plate XIX, figs. 1 to 4).

In the fowl-tick the posterior end of tl.e sperm, wlich contains the head, reveals at
this stage a long and coiled flagellum-like process (Plate XVIIIL, fig. 2 and Plate XIX, fig. 6).
ThLis process tegins to push itself out of the sperm tube and is ultimately protruded out
completely. TLe Lead of tLe sperm also moves out of the tube along tlLis process and
takes its position at some point on its surface (Plute XTX, figs. 5to 7). TLis process can be
easily seen in the living sperm. I Lave rot olserved thLis peculiar flagellum-like pro ess
in the other two species of ticks; in which its absence may be explained by the fact that
the head itself is flagellum-like.

When they Lave become fi lly mature in the genital ducts of the female, the spermato-
zoa show active movement. TLis is not due to thLe vibratility of the tail region as in
normal sperm, but is brouglt about by the remarkalle, indeed unique, activity of the
large ring-like centrosome (Plate XVII1I, figs. 2 and 3 and Plate XIX, figs. 1 to 4). During
the movement of the sperm the mitocl ondrial granules seem to be in a state of commo-
tion, but it is difficult to say whether they are in any degree responsible for moving the
sperm. It is very interesting to watch the living sperm on a slide in a drop of normal
saline moving in a straight line.

Discussion.
A. Golgi Material and Acrosome,

The ease with which the Golgi elements can be studied in the living material is simply
agtounding. In all stages of spermatogenesis they stend out prominently in the living
cell as highly refractile spherical bodies, which cannot by any chance be confused with
the very minute mitochondria.

In the earliest spermatogonia of Hyalomma aegyptium (Linné), Rhipicephalus
sanguineus (Latreille) and Argas persicus (Oken) the Golgi elements are spleri-al in form,
but they appear as rings and crescents in sectioned material. Each ring consists of an
outer deeply staining chromophilic part and a central lightly staining chromophobic
area. The rings and crescents are undoubtedly the optical sections of the Golgi spheres
having a duplex structure, as urged by Harvey (1927) and Nath (1930). In sections of
spermatocytes and early spermatids also the Golgi elements appear in the form of rings
and crescents,
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The sorting out of the Golgi elements during the meiotic stages is almost even.

In the late spermatids some of these Golgi elements are seen fusing together to form
the acrosome. The remaining Golgi elements, which do not fuse, merge into the invagi-
nation cavity, and ultimately disappear.

The formation of the acrosome in all the three species of ticks is similar to that des-
cribed in many flagellate sperms, where only some of the Golgi elements are reported to
form the acrosome and the rest are sloughed off when the tail of the sperm gets more and
more attenuated. The only difference is that in the flagellate sperm the unused Golgi
elements are sloughed off along the attenuating tail, while in all the three species of ticks
under discussion they merge into the invagination cavity.

None of the previous workers except Tuzet and Millot (1937) described the Golgi
elements as such in ticks. Wazrren (1931 and 1933) did not describe any Golgi elements;
nor did he refer to any structure corresponding to the acrosome in the ripe sperm.

Nordenskitld (1920) saw the Golgi elements in his preparations but due to the un-
suitable and faulty technique employed, he mistook the mutilated Golgi elements for the
mitochondria. The acrosome, which, as I have shown, is formed by the fusion of the Golgi
elements, was also seen by him but he named this fusion product as the ‘mitochondrial
body’. He described and figured the ‘mitochondrial body’ lying in front of the nucleus
and forming the anterior part of the head of the sperm. There cannot, therefore, be any
doubt that he has mistaken the acrosome for the ‘mitochondrial body ’.

Casteel (1917) described the Golgi elements as ‘vesicular bodies’. He traced their
origin from the elongated fusiform fibres which appeared among the mitochondria. There
was no evidence, however, that the fibres arise directly from the mitochondria but he
believed that they arise de novo in the cytoplasm. During the maturation of the spermatid
the ‘vesicular bodies’, according to Casteel, degenerate, and at the same time the cyto-
plasm reveals the presence of rounded homogeneous globules or droplets. Casteel believes
that these droplets are oily in nature and that there is a casual relationship between their
appearance and the degeneration of the ‘vesicular bodies’. I have also stated that the
Golgi elements which do not take part in the formation of the acrosome degenerate but I
am not certain whether these degeneration products are fatty in nature or not as I have
not employed fat stains on a large scale. Nile blue sulphate was tried by me but the
results were negative. Recent research, however, has shown that the Golgi elements
form neutral fats in spermatogenesis (Bell, 1929; Gresson, 1942).

Oppermann (1935) also described the Golgi elements as ‘vesicular bodies’, which,
accordirg to bim, arise directly from the mitochondria. He, however, did not believe
that the ‘vesicular bodies’ form oil droplets in the process of degeneration.

Tuzet and Millot (1937) described the vesicular bodies as dictyosomes. They believe
that the dictyosomes decrease in number and ultimately only one is left. This remaining
dictyosome comes near the nucleus and produces the acrosome. After the formation
of the acrosome the unused part of the dictyosome turns away from the top and finally
disappears.

1 cannot agree with the above description as my observations have convinced me
that the acrosome is directly formed by the fusion of most of the Golgi elements in the
late spermatid. The dictyosome figured by Tuzet and Millot in their diagrams 32-34 is,
in my opinion, the degenerating Golgi element. The real acrosome which, as I have shown,
is a massive structure situated at the anterior end of the nucleus in the form of a beak,
has also been scen and figured by them. But they have wrongly named it as the ‘mito-
chondrial cone’.

My observations are confirmed by the work of Gobind Ram (1937) and Nath (1932
and 1942) according to whom the Golgi elements directly form the acrosome in Rhysida
(a scolopendrid) and Paratelphusa and its allies respectively.

Recently 1 have had an opportunity to examine some of the slides prepared in this
laboratory by Daljit Singh Sarkaria, working on the spermatogenesis of the cattle-louse,
Haematopinus tuberculatus. In this louse I have clearly seen that there is a single Golgi
granule to start with and this Golgi granule (Acroblast) in the late stages of spermateleosis
is directly transformed into the acrosome. Daljit Singh’s work (unpublished) has con-
firmed the findings of Doncaster and Cannon (1920) in every detail,
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The acrosome in the ripe sperm of all the three species of ticks under discussion is
a pointed structure and is seen just at the tip of the thread-like nucleus enclosed in the
distal end of the sperm tube. This position of the acrosome cannot be reconciled with its
alleged boring function. (See also Bowen, 1924 and Nath, 1932, 1937 and 1942.)

B. Mitockondria.

In the earliest spermatogonia of Hyalomma aegyptium, Rhipicephalus sanguineus and
Argas persicus, the mitochondria exist as pale fine granules. The same is true of the sper-
matocytes and the early spermatids. At the commencement of spermateleosis the
mitochondria begin to grow and thus they become quite big. It is at this stage that they
begin to stain well. In the fowl-tick preparations the mitochondria at this stage form a
characteristic ring which is so conspicuous that it can be studied even in the living condi-
tion. During the later stages this mitochondrial ring again breaks up into small mito-
chondrial granules. These then are drawn into the lumen of the inner tube which is being
formed in the meanwhile. In the mature spermatozoon the mitchondria are found
throughout the length of the sperm tube but they are crowded in the broad centrosomal
region of the sperm.

Warren (1931) in his account on the red-tick (Rhipicephalus evertsi Neu.) has, in the
earliest spermatid, referred to certain granvles which are, according to him, possibly
mitochondria (his fig. I, a). But I can say with certainty that these granules are true
mitochondria. Warren has not referred to these granules after the early spermatid stage.

Nordenskisld (1920), working on Ixodes ricinus Linn., has seen and figured the
mitochondrial granules but instead of labelling them as such, he has confused these with
the mutilated Golgi elements.

Casteel (1917) is the first worker who described the mitochondrial granules correctly
in Argas mintatus Koch. He believes that these mitochondria remain only in the broad
centrosomal end of the ripe spermatozoon.

Oppermann (1935), working on Argas columbarum Shaw, has confirmed Casteel’s
account, but he states that the mitochondria are found throughout the lumen of the
sperm. I agree with Oppermann, but I have not been able to confirm his observations
that these mitochondria are thrown out of the sperm tube along the flagellum,

Tuzet and Millot {(1937) have also correctly referred to the mitochondrial granules till
the early spermatid stage. But I cannot agree with their later account that the mito-
chondrial granules form the intermediate segment of the ripe sperm. The lipoidal granules
in the ‘lipoplasmic tube’ described by these authors are really the mitochondria.

C. Head of the Sperm.

The nucleus has been studied from the primordial germ cells up to the ripe sperm
(see observations).

The nucleus in the earliest spermatid is represented by a number of chromosomal
vesicles which have not fused so far. These vesicles gradually fuse to form the spermatid
nucleus which stains homogeneously but may sometimes reveal one or more sharply
staining chromatin granules inside it. At this stage the nucleus is considerably smaller
than that of either the spermatocytes or the spermatogonia. In the late spermatids
the nucleus is a pale structure, and the nuclear membrane does not always stain. During
the process of spermateleosis the nucleus loses its chromaticity still further and becomes
finely granular. In the ripe sperm it is in the form of a deeply staining thread, which
cannot always be differentiated from the acrosome situated at its tip. This head,
consisting of the nucleus and the acrosome, is enclosed in the posterior region of the
sperm tube.

Warren (1931 and 1933) Las not given a correct description of the nucleus till tke
early spermatid stage and later on he has erred inasmuch as he derives a large number of
thread-like sperms from a single spermatid nucleus. He has not described any structure
corresponding to the acrosome.

Nordenskicld (1920), Casteel (1917) and Oppermann (1935) have correctly described
the nucleus from the earliest spermatogonium up to the ripe sperm, but they have not
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described the acrosome. Nordenskiold has clearly shown the acrosome in his figures
but he has wrongly named it as the mitochondrial body.

I agree with Tuzet and Millot (1937) as far as their description of the nucleus is
concerned, but I differ from them with regard to the formation of the acrosome. (Page
311.) Nor can I confirm their view that the thread-like head of the sperm includes the
intermediate segment (middle-piece) and the flagellum.

D. Cell Wall.

The late spermatogonia, spermatocytes and early spermatids of Hyalomma aegyp-
tium, Rhipicephalus sanguineus and Argas persicus are bounded by thick striated walls.
This observation of mine is also supported by the work of Nordenskisld (1920), Casteel
(1917), Oppermann (1935) and Tuzet and Millot (1937). To the best of my knowledge
no other worker has described such striated walls in the male germ cells. In the verte-
brate eggs, however, such thick walls have been described in fishes and also in mammals
under the name of zona-radiata or corona radiata. The zona radiata shows fine canals
in it, through which, it has been alleged, food materials pass into the egg from the sur-
rounding cells. In the light of these facts it may be suggested that the striations met
with in the thick wall of the male germ cells in ticks may also constitute fine canals for the
passage of food to the developing germ cells from the outer cells.

E. Centrosome.

T have shown that the ring-like structure at the anterior end of the invagination cavity
in all the three species of ticks under discussion is the centrosome. In earlier stages it is
seen as a sharply staining granule at the apices of the spindle during the meiotic stages.
These observations of mine confirm the work of Warren (1931 and 1933) and Nordenskicld
(1920). Casteel (1917) and Oppermann (1935) describe a ring-like thickening at the
anterior end of the invagination cavity which is nothing but the centrosome.

Tuzet and Millot (1937) have not described any centrosome till the late spermatid
stage when they figure two centrosomes in an archoplasmic base (their fig. 18). One of
these centrosomes, according to them, remains near the lipoplasmi¢ sphere (invagination
cavity) and the other goes towards the nucleus. The former again divides into two,
one of which becomes discoid and leans on the surface of the lipoplasmic sphere but still
remaining in contact with its other half through a cone (their figs. 21 and 22). This
complicated apparatus is nothing but the ring-like centrosome described by me and is
formed by the simple growth of the same granular centrosome seen at the apices of the
meiotic spindles. Tuzet and Millot have further described the division of the centrosome
which goes towards the nucleus, the two resulting halves remaining joined together
through a centrodesmose. But I am unable to confirm this account.

The movement of the ripe spermatozoon takes place by the peculiar rotatory move-

ment of the centrosome. Casteel (1917) has described certain peculiar processes surround-
ing his ring-like thickening (centrosome), but I have not observed these even in the living
sperm, .
P When the ripe spermatozoon is moving the mitochondria seem to be in a state of
commotion. They arrange themselves in longitudinal rows just below the surface of
the sperm tube. It may be that these mitochondrial granules help in the peculiar move-
ment of the spermatozoon as urged by Casteel.

SUMMARY.

I. In this paper the spermatogenesis of three species of ticks, viz., cattle-tick, Hyalomma aegyptium
(Linné); dog-tick, Rhipicephalus sanguineus (Latreille) and fowl-tick, Argas persicus (Oken) has been
worked out.

II. The nucleus and the granular mitochondria have been studied from the primordial germ cells
up to tre ripe sperm. The Gclgi elements seem to appear for the first time in the spermatcgonia. They
are in the form of rings cr crescents which are undoubtedly the optical sections of the Golgi sphere having
a duplex structure. In the late spermatid most of the Golgi elements fuse together to form the acrosome.

III. The meictic divisicns which are not very common have also been studied.
IV. The very much complicated process of spermateleosis seems to be unique inasmuch as the
final stages in development are met with in the genital tract of the female.
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V. The movement of the ripe spermatozoon is not due to the vibratility of the tail region but is
brought about by the remarkable, indeed unique, activity of the large ring-like centrosome.
VI. This investigation disproves the alleged boring function of the acrosome.
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EXPLANATION OF LETTERING IN PLATES.

A—Acrosome,
C—Centrosome.
C.F-—Cone of fibres,
C.G@—Chromatin granules.
Ch—Chromosomes.
C.0.t—Core in the outer tube.
D.G—Degenerating Golgi elements.
F—Flagellum.
F.P-—Finger-like process.
G—QGolgi elements.
Gr—Granules.
H-—Head.
t.c—Invagination cavity.
i.t—inner tube.
M-—Mitochondria.
M,R—Mitochondrial ring.
N-—Nucleus.
Nu—Nucleolus.
0.t—Outer tube.
S—Stripes.
St—Striations.
S.W—Striated wall.

Further explanation of figures will be found in the text.
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ExpLANATION OF PLATES.

All figures except figure 2 (Plate XVIII) have been drawn with a camera lucida at the table level
with Leitz 4 Eyepiece and oil immersion objective giving » magnification of 1,083 times. Figure 2
(Plate XVIII) has been drawn under the high power giving & magnification of 500 times.

Unless otherwise mentioned all figures have been selected from material fixed in Flemming-without-
acetic followed by 0-59; iron-hematoxylin.

Prare XIII.
Fias. 1-10. Hyalomma aegyptium (Sections).

Fias. 1-2.—Primordial germ cells.

Fie. 3.—Earliest spermatogonium.

Fias. 4-5.—Spermatogonia showing the development of the thick striated wall.

Fi1a. 6.—Spermatocyte 1.

Fie. 7.—Spermatocyte I with fully differentiated chromosomes.

Fia. 8.-—Spermatocyte IT with fully differentiated chromosomes.

Fie. 9.—Spermatid in which the nucleus has moved towards one pole. The striated cell wall completely
disappears from this pole and becomes much thinner at the opposite pole. Centrosome can also
be seen.

Fra. 10.—Spermatid at a little later stage when the striated wall begins to invaginate at the pole
opposite the nucleus.

Fias. 11-15. Rhipicephalus sanguineus (Sections).

F1c. 11.—Primordial germ cell.
Fia. 12.—Spermatogonium.
Fia. 13.—8permatocyte 1.
Fie. 14.—Spermatocyte I1.
Fi1a. 156.—Early spermatid.

PraTe XIV.

F1as. 1-9. Argas persicus (Sections).
F16. 1.—Primordial germ cell,
Fic. 2.—Spermatogenium.
Fic: 3.—-Spermatocyte I.
Fi1a. 4.—Spermatocyte II.
F1e. 5.—FEarly spermatid.
Fie. 6.—8permatid at a stage described in Fig. 10 (Plate XIII).
Fia. 7.—Spermatid showing the mitochondrial ring.
Fics. 8-9.—Transverse sections of the spermatozoa in male tick, showing the formation of folds in the
inner tube due to pressure exerted by the outer tube.

Prate XV.

Fias. 1-16. Hyalomma aegyptium (Sections).

Fic. 1.—Metaphase I.

Fie. 2.—Metaphase II.

Fic. 3.—Telophase II.

Fi1c. 4.— Earliest spermatid with chromosomal vesicles still separate.

Fic. 5.—Spermaitid in which the nuclear reconstruction has been completed.

Fias. 6-8.—Spermatid showing the formation of the invagination cavity. Golgi elements can be seen
fusing together to form the acrosome in fig. 7.

Fic. 9.—A late spermatid with fully formed invagination cavity. The Golgi elements have already
fused together to form the acrosome. The ring-like centrosome is also clearly seen.

Fia. 10.—8till later spermatid with beak-like acrosome.

Fie. 11.—Elongating spermatid with a condensed deeply staining nucleus. The invagination cavity
is being produced into an outer tube.

Fig. 12.—Elongating spermatid with granular nucleus.

Fic. 13.—Elongating spermatid showing the development of a homogeneous core in the outer tube.

F1cs. 14-16.—Elongating spermatids in which the head, consisting of the nucleus and the acrosome, is
seen curving backward.

Prare XVI.
Fies. 1-7. Hyalomma aegyptium.

Figs. 1-2 from sections. Elongating spermatids in which the posteriorly directed head is being
attenuated, with the result that no details are now visible. In figure 2 the centrosome has just
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started migrating backwards into the outer tube along the homogeneous core which has already
developed m it.

3 from section. Elongating spermatid showing the development of the inner tube by the invagina-

tion of the anterior end of the outer tube. The centrosome is seen at the apex of the funnel thus
formed.

4 from smear. Entire developing spermatozoon showing the finger-like process.
5 from smear. Entire developing spermatozoon showing the formation of the inner tube with

mitochondria flowing into it. The attenuating head is also seen moving backwards along the outer
surface of the outer tube.

6 from smear. A little later stage.
7 from smear. Spermatozoon in male tick with fully formed inner tube.

Fies. 8-10. Argas persicus (Sections).
8.—Late spermatid.
9.—Elongating spermatid.
10.—Elongating spermatid showing the formation of the inner tube with mitochondria flowing
into it.
Prare XVII.
Fras. 1-5. Rhipicephalus sanguineus (Sections).

1.—Spermatid at a stage described in fig. 9 (Plate XTIII),

2.-—Spermatid showing the formation of the invagination cavity. Golgi elements are seen fusing
together to form the acrosome.

3.—Late spermatid.

4.—Elongating spermatid.

6.—Elongating spermatid with the head curved backwards.

Figs. 6-8. Rhipicephalus sanguineus (Smears).

6.—Entire developing spermatozoon showing the finger-like process and the formation of & homo-
geneous core in the outer tube.

7.~—Entire developing spermatozoon showing the formation of the inner tube.
8.—Spermatozoon in male tick with fully formed inner tube.
Figs. 9-10. Argas persicus (Smears).

9.-—Spermatozoon in male tick with fully formed inner tube.
10.—Anterior end of a spermatozoon in which the process of evagination has just started.

PraTe XVIII.
Fras. 1-3. Argas persicus (Sinears).

l.—Entire spermatozoon showing the process of evagination (after Feulgen’s reaction). Note
the disappearance of the stripes in that portion of the inner tube which has come out of the outer
tube.

2.—~Mature spermatozoon in female tick.

3.—Anterior end of & ripe spermatozoon showing the ring-like centrosome and the aggregation
of mitochondria.

Prare XIX.
Fias. 1-2, Hyalomma aegyptium (Smears)
1.—Mature spermatozoon in female tick. .
2.—Mature spermatozoon in female tick (after Feulgen’s reaction).
F1as. 3.4, Rhipi‘cephalu.s sanguineus (Smears).
3.—Mature spermatozoon in female tick. R
4.—Mature spermatozoon in female tick (after Feulgen's reaction).
Fias. 5-7. Argas persicus (Smears).

5 ~Posterior end of & mature spermatozoon showing the head and flagellum enclosed in the lumen
of the sperm tube.

6.—Posterior end of a mature spermatozoon in which the flagellum is seen protruding out.

7, ~—Posterior end of a mature spermatozoon with flagellum completely protruded out.
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