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Abstract. Aspects of spermiogenesis in Arrhenothrips ramakrishnae are described based on
light microscopic and transmission electron microscopic studies.
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1. Introduction

Aspects relating to the ultrastructure of the sperm cells of thrips and events during
spermiogenesis are very much restricted to the works of Bode (1983, 1989). Baccetti
et al (1969), Baccetti and Afzelius (1976) and Ananthakrishnan (1990). The
contributions of Tuzet and Bournier (1951) and Bournier (1956) refer to light
microscopic studies on spermiogenesis of Taeniothrips simplex (Morison),
Lirnothrips cerealiurn (Haliday) and Neoheegeria verbasci (Osborn) and Heming
(1976), who have earlier provided useful information in this field. However a
detailed study of the succession of events on spermiogenesis as outlined for several
species of Lepidoptera has not been available for species of thrips and the present
paper attempts to discuss some of the aspects with reference to Arrhenothrips
rarnakrishnae.

2.

Materials and methods

The testes of A. rarnakrishnae were dissected out in insect ringer solution and were
fixed in 2-3% glutaraldehyde + 2-3% paraformaldehyde in phosphate buffer
(pH 7'2) (0'1 M). After osmium tetroxide fixation, tissues were rinsed in buffer,
keeping them in 1% uranyl acetate overnight at 0'4°C and then dehydrated.
Eventually the material was embedded in an Epon-Araldite mixture and
polymerized at 60°C and ultra thin sections cut with an ultratome and examined in
a transmission electron microscope.
3.

Results

Light microscopic studies reveal the numerous cysts packed with sperm cells in
different stages of maturation or development distributed from the proximal to the
distal end of the follicle. The germarium which is a conical part of the follicle
consists of groups of darkly stained, small spermatogonial (Sg) cells, followed by the
zone of growth (Zg) containing the primary (PSC) and secondary spermatocytes
(SSC) in much enlarged cysts (figure 2). The Sg cells appear as masses in the
germarium packed inside the cysts are arranged in 3 rows along the width of the
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follicle in Zg. The small Sg cells increase in size with various meiotic divisions
and are spread loosely within the cysts. Such a type of definite arrangement of the
cysts in 3 rows continue to be maintained till the end of zone of maturation (Zm)
(figure 4). In Zm the developed sse inside the cysts move spirally and orient
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Figures 1 and 2. I. LS of a testis showing the different stages of the development of
sperms (bar = 15 ILm). 2. Enlarged view of the germarium showing the pse and sse
inside the cysts (bar= 10 11m).
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Figures 3 and 4.
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Formation of spermatids in the Zm (bar= 10 11m).

towards the centre of the follicle along the periphery of each cyst. Such cells become
darkened with well developed nuclei (figure 4). These cells in the periphery of
the cysts group together in the centre of the follicle and are differentiated into
numerous spermatids (figure 5). By this time the cysts of this zone completely lose
their intercystic boundaries. Later in the zone of transformation (Zt) the
differentiated spermatids are transformed into spermatozoa (Spz) (figure 3).
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Figure 5. Enlarged view of the distal end of the testis showing Spz and sperm bundles
(bar= 10 pm).

Ultimately these Spz tend to aggregate into distinct sperm bundles, moving towards
the head of the vas deferens (YO). Such sperm bundles are clearly seen in the distal
end of the follicle (figure 3) sometimes inside the YO also (figure 1). In Zt,
globules (figure 3) of varying sizes presumably involved in sperm nourishment, are
located in the centre of the follicle. The YO connects the follicle which is made up
of single layer of epithelium, showing cuboidal epithelial cells, with large oval
nuclei.
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Ultrastructure

Spermatogenesis is evident in the adult testes of A. ramakrishnae in the early or
young spermatid cyst, each cyst with a number of eupyrene sperm cells 00-25)
varying from cyst to cyst (figure 6). These eupyrene sperm cells in the cyst are

Figure 6. Developing cysts and the formation of axial filament and nebenkern ( x 8500).
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embedded and interconnected by cytoplasmic bridges or cytoplasm. In the young
spermatid cyst, each cell has a large nucleus with condensed chromatin material
(figure 6). Cytoplasm of the cyst cells contains numerous mitochondrial fractions
(figure 6). Multivesicular bodies are also common in the cytoplasm of spermatids
(figure 6). The mitochondrial fractions in the cytoplasm aggregate and form the
nebenkern, located next to the nucleus of each cell (figure 6). Each spermatid
has about 3 axial filaments mostly in between the nucleus and nebenkern (figure 6).
Sometimes the position is altered around the nebenkern. In a later stage these

Figure 7. Developing spermatids with 3 axial filament and condensed nebenkern
( x 5(00). Arrows indicate axial filaments.

Aspects of spermiogenesis in A. ramakrishnae

97

interconnected spermatids detach from each other and become individual
developing spermatids (figure 7). Each developing spermatid appears with 3
prominent axial filaments, with the nebenkern formation in a condensed stage
(figure 7).
The developing spermatids tend to orient in a group. The condensed nuclear
material left over by the developing spermatids during the process of detachment

Figure 8. Number of spermatids with nucleus and MD. Inset: an enlarged view. Arrows
indicate Cristae ( x 37500).
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are discernible among the spermatids (figure 7). Later when the developing
spermatids become transformed into spermatids, they begin to elongate and the
nebenkern which was in a condensed stage in the developing phase, becomes
elongated to form the mitochondrial body, conical in appearance (figure 8).
The cellular portion of the spermatid cells consists, in addition to the
mitochondrial derivative (MD), a fibrous rod, above the MD, attached to the
plasma membrane (PM). Three axial filaments, arranged in an irregular fashion,
and a dense globular nucleus, located along the side of the MD are evident
(figure 8). The globular nuclei discernible in all the cells, continue to maintain this
shape throughout spermatogenesis. During subsequent development the spermatids elongate further and become Spz (figure 9). During this period, MD also
elongates, extending from the nucleus to the tail portion of the cell. Cristae are
seen as parallel membranes that extend inward of the mitochondria (figure 8). The
compactly arranged numerous round spermatids in each cyst which appears as
honey comb structures, lose their contour and show spiral movement in the
maturation phase (figure 9). During the process of elongation, each spermatid

Figure 9. Developing groups of spermatids and Spz ( x 4600).
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Figure 10. Enlarged view of the spermatids and Spz (x 129(0).

attains a length many times that of its width, becoming transformed into Spz
(figures 11, 12). These Spz unite together and form sperm bundles.
4. Discussion
Basically, the development of sperms indicated

In

the present study involving
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Figures II and 12.
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different stages of spermatogenesis appear almost similar to that of other insects,
except for minor differences in the development of the mitochondrial body. Though
the formation of nebenkern appears as a common feature as observed in other
insect sperms, it does not divide into two mitochondrial bodies, but instead is
continued as a single body throughout spermatogenesis. This substantiates the view
of Baccetti et al (1969), who indicated that the thysanopteran sperms have only one
MD, with only one axial filament. However in the present studies the axial filament
is observed to be 3 in number appearing as tiny structures near the nucleus and
nebenkern in young spermatids, becoming more distinct as maturation progresses.
A similar type of observation was made in the spermiogenesis of Heliothis virescens
(Lanchance et al 1988) where the satellite body, an extracellular structure first
appears as a tiny black speck on the PM of the immature eupyrene cells becoming
much larger and more distinct and in more mature sperm cells becoming located
near the axial filament and the MDs (Lanchance et al 1988). Such tiny black specks
on the PM of immature spermatid cells are discernible in Arrhenothrips as well, but
the subsequent development and the location of such a structure in the later stages
of the sperm cells are not clearly identifiable.
The unusual features of the lepidopteran sperm, the regular production of both
nucleate and anucleate cells and the presence of a very thick extracellular sheath
around the nucleus are not observed in the present study except for the production
of only eupyrene sperms. However, Bode (1983) reported the absence of a distinct
acrosome and the elongated shape of nucleus in the sperm cells of Thrips validus,
which are supposed to be apyrene sperms. Based on the number of flagella in the
sperms of Thysanoptera, Bode (1989) indicated that the families of suborder
Terebrantia are characterised by triflagellarity and only the family Phlaeothripidae
is characterised by biflagellarity and that it must be the sister group of all other
Thysanopterans. Interestingly enough the species A. ramakrishnae belonging to the
family Phlaeothripidae is found to possess triflagellarity.
Multivesicular bodies are commonly present in the cytoplasm of spermatids.
These bodies represent a type of lysosome and are reportedly involved in the
uptake and digestion of protein and in cell lysis (Dingle 1972).
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Figures 11 and 12. 11. Groups of sperrnatids and sperm bundles ( x 4600). 12. Enlarged
view of sperm bundles ( x 27000).
(Abbreviations used: ge, Germarium; Zg, zone of growth; Zm, zone of maturation; Zt, zone
of transformation; Yd, vas deferens; Spt, spermatids; Spz, spermatozoa; Sb, sperm bundle;
Sg, spermatogonia; PSe, primary spermatocyte; sSe secondary spermatocyte; Cy, cyst; Chr,
chromatin material; Nb, nebenkern formation; Af, axial filament; mt, multi vesicular bodies;
Nu, nucleus; Nm, nuclear material; MD, mitochondrial derivative; FR, fibrous rod).
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