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1§.2 Sperm

At the distal end of each testis follicle is the germar!
produce spermatogonia (Fig. 212). In Orthopter .
Lepidoptera, the spermatogonia probably obtain nllll'le in Dip
with which they have cytoplasmic connections whi - eal comp
(Bonhag and Wick, 1953) there is a comparable apfef of mitocho
syncytium with numerous nuclei. In Diptera the trans n, 1945)- .
complex to the spermatogonia has been observed (Carsoﬁ; onia associate with other
These apical connections are soon lost and the sperma ;gnetimes more, spermato-
_cells which form a cyst around them (Fig. 212). One, of ‘-sojtia“}' two cyst-cells round
gonia are enclosed in each cyst and, in Prionoplus, there are 1n nia which lack adequate
each spermatogonium. The tyst-cells may be spermatogo ent. They may supply
nutrition and therefore fail to continue their normal develop thx;. sperm at ope stage
nutriment to the developing sperm and, in Popillia (Coleop tera),

! GERMARIUM —=

] ZONE! .
GROWTH

f ZONE I -——— ZONE I
v e ren
as erens TRANSFORMATION MATURATION

e )
El Tt ' .
A .r’."-*i'@;‘ BEr Boor U apical cell

3s deferens sperm spermatids melosis spermatocytes

Fig. 212 Diagram of a testis follicle showing the stages of development of the sperm (from
Wigglesworth, 1965)

Scanned by CamScanner



THE REPRODUCTIVE SYSTEM 323
have their heads embedded in the cyst-cells, this perhaps facilitating the transfer of

nutrients (J. Anderson, 1950). In Heteroptera large cells with irregular nuclei, cat'ed
trophocvies, are scattered amongst the cysts,

As more spermatogonia are produced they push those which have developed earlier
down the follicle. a range of development is therefore present in each follicle with the
carliest stages distally in the germarium and the oldest in the proximal part of the
follicle adjacent 1o the vas deferens. Three zones of development are commonly
recognmised below the germanum (g, 212):

I a zonc of growth, in which the primary spermatogonia, enclosed in cysts, divide
and increase in si1ze 1o form spermatocytes

11 a zonc of maturation and reduction, in which each spermatocyte undergoes the
two meiotic divisions to prmiucc spcrmatids

ITT a zone of transformation, in which the spermatids develop into spermatozoa, a
process known as spermiogencsis.

Since. in general, all the cells in a cyst are derived from a single primary

spermatogonium they remain synchronised in their subsequent development. The
number of sperm which a cyst ultimately produces depends on the number of
spermatogomial divisions which occur and this is fairly constant for a species. In
Acrididac there are between five and eight spermatogonial divisions and Melanoplus,
which typically has seven divisions before meiosis, usually has 512 sperm per Cyst.
Normally four spermatozoa are produced from each spermatocyte, but in many coccids
the spermatds which possess heterochromatic chromosomes degenerate so that only
two sperm are formed from each spermatocyte and 32 are present in each cyst (Nur,
1962). In Scaara (Diptera) only one spermatid is formed from each spermatocyte
because of the unequal distribution of chromosomes and cytoplasm which occurs at the
meiotic divisions (Phillips, 1966).
Biochemical changes occur in the course of spermatogenesis. The repeated cell
~divisions entail the synthesis of large amounts of DNA and RNA, but the synthesis of
DNA stops before meiosis occurs, while RNA synthesis continues into the early
spermatid. Subsequently no further synthesis occurs and the RNA is eliminated first
from the ducleus and then from the cell as the nucleus elongates. The reduction in RNA
svnthesis 1s associated with a rise in the production of an arginine-rich histone which
forms a com plex with DNA stopping it from acting as a primer for RN A synthesis. Itis
suggested that this mechanism insulates the genetic material during transit from one
generation to the next (Bloch and Brack, 1964; Das, et al., 1964; Muckenthaler, 1964).
The time taken for the completion of spermatogenesis varies, but in Melanoplus the
period is about 28 days, the spermatogonial divisions occupying eight or nine days and
spermiogenesis ten (Muckenthaler, 1964). In most Insects Me1os1s 1s complete before
the final moult and in insects which do not feed as adults spermatogenesis may be
complete before the adult emerges (Fig. 213).

15.2.1 Structure of mature spermatozoa

The mature sperm of most insects are filamentous in form, _ut'ten about 300 um long and
less than a micron in diameter, while the sperm of I)msuphu‘a_il)iptcra} may be as much
as 1-7 mm long. The head and tail of the sperm are of approximately the same d}amctcl'
(Fig. 214). The cell wall of the sperm is a typical three-layered membrane, but in some
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Fig. 213 Spermatogenesis in Bombyx showing
f the insect (after Engelmann, 1970)

different periods during the development 0

species it 1s coated on the outside by a layer of glycoprotein known as the glycocalyx, In
fieas this is about 13 nm thick, and in grasshoppers about 30 nm; the cell mcmE;ranc
proper is about 1onm thick. The glycocalyx is made up of rods at right angles to the
surface of the sperm. Lepidopteran sperm have a series of projections running along
their length. These projections are made up of thin laminae stacked parallel with the
surface membrane. They become rearranged in the ejaculatory duct to form a complete
coating all round the sperm (see Baccetti, 1972).

The greater part of the head region is occupied by the nucleus (Fig. 214). In the

mature sperm of most species the nucleus is homogeneous in appearance, but
sometimes. as in the grasshopper Chortophaga, it has a honeycomb appearance. The
DNA is apparently arranged in strands parallel with the long axis of the sperm. In front
of the nucleus is the acrosome. This is a membrane bound structure of glycoprotein
with. in most insects, a granular extra-acrosomal layer and an inner rod or cone. Sperm
of Neuroptera have no acrosome and occasional species with no acrosome occur in other
orders. The acrosome is probably concerned with attachment of the sperm to the egg
and possibly also with lysis of the egg membrane, thus permitting sperm entry. Mature
sperm do not have a centriole, although this is present during spermiogenesis, but most
insect sperm do have a centriole adjunct. This consists of a mass of ribonucleoprotein,
usually in granular form, which develops at the back end of the nucleus. It 1s best
developed 1n the spermatid and progressively declines in extent as development
proceeds.

}:_nmc:%:agh behind the nucleus the axial filament, or axoneme, arises. In most
cases this consists of two central tubules with a ring of nine doublets and nine accessory
tubul}:s on the outside (Fig. 214). The central tubules are surrounded by a sheath and
are linked radially 10 the doublets. Some unusual exceptions to :t"hiss ei Tz
arrangement occur. Protura have 12 or 14 doublets with no other tub 19 \3h'lc
accessory tubules are lacking in Collembola, Japygidae, Mecoptera and Si ules, i
Psocoptera, Mallophaga, Anoplura, Thysanopt d P and Siphonaptera.

’ ptera and many bugs have two axial
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326 while in Sciara (Diptera) there arc 7090 doublets,

1 b p. i CnClOSCS the

: - s presumed that the axial filament or the
b poswm:jrtllﬁtilz:glmgvemcms of the tail which drive the sperm

filaments in the sperm tail,

each with an ass

mitochondrial deriva
equivalent structure causcs the un

forwards. itochondrial deri

- ota have two mito .
_ The spert Owi P't::-i{:g these the cristae become arlrangcd as a series of lamellae
axial filament. © { the derivative and at right angles to its long axis. The

. . * fl‘l'lm one Side Q . A
proltfctln_ﬂl:ﬂ derivative 18 occupied by a paracrystalline material. Sperm of Mecoptera
matrix of the f some other orders have only one mitochondrial

- hoptera and species © . S . .
Snﬂ\';rg:;ht E-hile phasmids have none at all. In this case respiration 1s entirely
eriv L]

. More or less normal mitochondria persist in the sperm of P_Lpterygotg except
?hn:: f,';’f_\','}-'uittgeg‘éther and become e!onggted. There are thff;e such mitochondria in the
sperm tail of Collembola, and two 1n Dllplura and Machilidae.

The sperm of coccids, which occur in bundles, lack all the typical organellgs. In
Parlaroria the nucleus is apparently represented by an electron opaque core with no
limiting membrane. Mitochondrial derivatives are abseqt, but R:oblson (1966)
suggests that the homogeneous cytoplasm of the sperm is a mitochondrial product and
serves as a store of energy so that mitochondria themselves are not necessary. Each
sperm has 4550 microtubules about 20 nm in diameter in a spiral round a central mass
of chromatin. These run the whole length of the sperm and may be concerned with its
mobility, replacing the typical axial filament.

In Kalotermitidae and Rhinotermitidae there is no flagellum at all. The sperm of
Reticulitermes is spherical with no acrosome, but it has a few normal mitochondria.
There are also two short axial filaments, but these do not protrude from the body of the
sperm. It is presumed that this sperm is non-motile. Non-motile sperm also occur in
the dipteran family Psychodidae and in Eosentomon (Protura).

vatives (p. 329) which flank the

Sperm bundles

In a nurmber of insects sperm are grouped together in bundles for at least some part of
their existence and sometimes the bundles persist even after transference of the sperm
to the female. The sperm of Thermobia normally occur in pairs, the two individuals
being twisted round each other, and although their plasma membranes remain distinct
an electron opaque substance is visible between them where they are close together. In
addition, a continuous membrane appears to be present round both spermatozoa in
some places (Bawa, 1964). Pairs of sperm also occur in some Coleoptera
Coccids have much more specialised sperm bundles. In these insect's each cyst
commonly produces 32 sperm and these may become separated into two bundl ysf
111?1.1:1 ; g6;.1']1;>::rrtm~;. Ffa;ht:)undlc becomes enclosed in a membranous sheath angtzheecsy{;t
crates. ‘T'he bundles of Pseudococcus are much lon :
?g::jpywc;?ly the mlddlf: region, and the head-end of the bug:(;-lf:hﬁ:sl:izg;rm’ Whl.Ch
» which may be involved in locomotion (Nur, 1962). Th screw-like
Parlatoria, on the other hand, are only the same le, has ¢ sperm bundles of
?rienttal:ed in the same direction within the bundle Iﬁfav::ngrll: Slt?ef]m’bWhiCh e 8
cormb; - bundle. of the
rom the combined activity of the sperm within (Robison, 1966). undle results

In some Orthoptera and Odonata different types of sperm bundle. kn
] own as
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spermatodesms, are formed. The spermatodesms of tettigoniids comprise about ten
sperm anchored together by their acrosomes. These bundles are released from the testis
and the sperm heads then become enclosed in a muff of mucopolysaccharide secreted
by the gland cells of the duct. In acridids the whole structure is completed within the
restis cyst and may include all the sperm within it. The spermatids come to lie with their
heads orientated towards a cyst cell and extracellular granular material round the
acrosome of cach coalesces to form a cap in which the heads of all the sperm are

embedded (Szollosi, 1974). The spermatodesms of Acrididae persist until they are
transferred to the female.

15.2.2 Sperm capacitation

In a number of species sperm undergo changes after they are transferred to the female
spermatheca and in some cases, at least, these changes are essential before the sperm can
fertilise an egg. This process of maturation of sperm within the female is known as
capacitation. In Sciara part of the mitochondrial derivative is sloughed off and at this
time the sperm becomes motile. In coccids the sperm, which were previously in bundles,
become separated, while in Lepidoptera and other groups changes occur in the
glycocalyx.

%5.2.3 Spermiogenesis
he spermatid which is formed after meiosis is typically a rounded cell containing the
normal cell organelles. Subsequently it becomes modified to form the sperm and this

process of spermiogenesis entails a complete reorganisation of the cell. Itis convenient
to consider separately each organelle of the mature sperm.

Acrosome

The acrosome is derived, at least in part, from Golgi material, which in spermatocytes
is scattered through the cytoplasm in the form of dictyosomes. There may be 30 or 40 of
these in the cell and they consist of several pairs of parallel membranes with
characteristic vacuoles and vesicles (Fig. 215A). After the second meiotic division the
dictyosomes in Acheta fusetoa single body called the acroblast, which consists of 6-10
membranes forming a cup with vacuoles and vesicles both inside and out (Fig. 215B).

In the later spermatid a granule, called the pro-acrosomal granule, appears in the
cup of the acroblast and Increases in size. The acroblast migrates so that the open side
faces the nucleus and then the granule, associated with a newly developed membrane,
the interstitial membrane, moves towards the nucleus and becomes attached to it
(Fig. 215C). As the cell elongates the acroblast membranes migrate to the posterior end
of the spermatid and are sloughed off together with much of the cytoplasm and various
other cell inclusions. The pro-acrosomal granule then forms the acrosome, becoming
cone-shaped and developing a cavity in which an inner cone is formed (Fig. 215D)
(Kaye, 1962).

In Gelastocoris (Heteroptera) the pro-acrosome is formed from the fusion of
granules in the scattered Golgi apparatus and no acroblast is formed. This may also be
the case in Acrididae (F. Payne, 1966).
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Fig. 215 Development of the acrosome of Acheta. A. A dictyosome. B. Acroblast with pro-
acrosomal granule. C. Pro-acrosomal granule attached to the nucleus. D. Acrosome of a
marure spermatozoon. Not all to same scale (after Kaye, 1962)

Nucleus

Inthe early spermatid of grasshoppers the nucleus appears to have a typical interphase
structure with the chromosome fibrils unorientated. In Chorthippus each of the fibrils,
g-lmh constitute the basic morphological units of the chromosomes, is about 20 nm in
‘éiﬂ‘ﬁ: V‘f;d' hlb m‘adc up of two subunits about 10 nm in diameter. The nucleus
o lt:bs}p;;:jﬁ j:]nd_nlar_r(?w and as it does so the chromosome fibrils become aligned
4 nm fibrils o o ';tl\f-’lf 118 long axis, 'l hg 10 nm microfibrils appear to separate into

¢ same time the non-histone protein, which in Acheta is largely in

granules in the el . .
appear 1 1_Ur:; nucleoplasm, disappears from the nucleus (see above). The 4 nm fibrils
n the nucleus is seen in cross-section and

as the nucleus :l[:::infj?[j ,I.m)sing network whe

reduced until hnaili;dtltz ::id :1,urr-“ws the nucleoplasm between them is progressively

material (Dass and R Y, U,la the nucleus appears to consist of a uniformly dense
> 1958). A similar linear arrangement of the chromosomes occurs

in other groups but in sever. -
Acheta Kaye and ML‘;\;;:::::] ;\Demes the fibrils become thicker rather than thinner. In
~I\aye (1966) suggest that the nucleus at this time does .not
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C“':l’;’::l wholly of chromatin, but also contains thin fibres containing non-histone
pre .

Mitochondria

In the spermatid the mitochondria fuse to form a single large body, the nebenkern,
which mns:st;a‘ of an outer limiting membrane and a central pool of mitochondrial
components. T'he nebenkern separates into two mitochondrial derivatives which are
ISSE‘C'“‘"J with the developing axial filament immediately behind the nucleus and
which elongate to form a pair of ribbon-like structures. At the same time the internal
structure of the mitochondrion is reorganised so that the cristae form a series of parallel
lamellac along one side and the matrix is replaced by paracrystalline material.

Centriole and axial filament

Young spermatids contain two centrioles composed, as in most cells, of nine triplets of
rubulcs'and orientated at right angles to each other. One gives rise to the axial filament,
but ulumately both disappear. The tubules of the axial filament grow out from the
centriole and are initially enclosed within a cup-shaped vesicle. They elongate to
extend finally throughout the length of the tail of the sperm. The accessory tubules arise
from tubule doublets, appearing first as side arms, which become C-shaped and then
separate off and close up to form cylinders (Phillips, 1970).

15.2.4 Control of spermatogenesis

The factors which regulate spermatogenesis are not well understood (see review by
Dumser, 1980). There is no strong evidence to indicate that hormones are generally
involved (Engelmann, 1970), but in some moths the moulting hormone facilitates the
process by increasing the permeability of the wall of the testis to some macromolecular
factor (de Wilde and de Loof, 1973b). The corpora allata do, however, regulate
maturation of the accessory glands and may affect other aspects of maturation and

reproductive behaviour (see Chapter XXXIV).

15.3 Transfer of sperm to the seminal vesicle

in Chortophaga (Orthoptera), and possibly in other insects, the
sperm make a complex circuit of the testis follicle before they leave the testis, moving in
econdary spermatocytes and then turning back and

a spiral path to the region of the s
passing into the vas deferens. In Chortophaga the movement occurs after the

spermatodesm is released from the cyst, but in the heteropteran Leprocoris the sperm
are still enclosed in the cyst. In this case the displacement starts while the spermatids
are still differentiating and is at least partly due to the elongation of the cyst which
occurs during the development of the sperm (M. Payne, 1934).

The fate of the cyst-cells is variable. In Prionoplus they break down in the testis
(Edwards, 1961), but in Popillia, although the sperm escape from the cysts as they leave
the testis, the cyst-cells accompany the sperm in the seminal fluid into the bursa of the
female. Here they finally break down and it is suggested that they release glycogen
which is used in the maintenance of the sperm (J. Anderson, 1950).

In some Heteroptera,
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