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ABSTRACT
Spermatozoa morphology has, for some years, been used to help answer some phylogenetic questions for Coleoptera. In the
present study describing spermatozoa morphology of an Aulacophora species was observed. Aulacophora foveicollis
spermatozoa overall length measured 636±30.1µm and head length was 30.8±2.3µm. The ratio of the head length and tail
length ~ 32.1.Spermatozoa head portion of the nucleus appears star like structure exp osed by DAPI. In Aulacophora
nigripennis spermatozoa overall length measured 355±21µm and the head length of the single sperm measured 11.3±1.1µm.
The ratio of the head length and tail length was ~ 25.1. Spermatozoa nucleus appears kite like structure exposed by DAPI.
Flagellar length of A.foveicollis spermatozoa was long and strongly attached in sperm head. In A.nigripennis appeared short
and weakly breakup from the sperm head. The length of sperm heads was not always proportional to the total lengths of the
sperm. The similarity of the A.foveicollis and A.nigripennis sperms appear rope like structure and the characters with those of
Coleopteran indicates a clear phylogenetic relationship of Chrysomeloidea.
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1.INTRODUCTION
In Coleoptera, spermatozoa are produced in the testes largely
during late larval and pupal stages, and the adult male
emerges with a more or less complete complement of sperm.
However, before these sperm can be used, they must descend
from the testes into and along the length of the male
reproductive tract. Prior to ejaculation, they are stored, the
location of sperm storage within the tract varying among
species. At the time of mating, the sperm must be transferred
into a spermatophore, formed during copulation by the male
within the female’s bursa copulatrix.
Sperm length can vary considerably, in some species sperms
are relatively short while in other they can reach gigantic
proportions.
Sperm and pollen morphology remains a
conundrum for evolutionary biologist (Birkhead and Moller,
1998; Birkhead et al., 2009). The variation in sperm
morphology is assumed to evolve in response to variation in
postcopulatory sexual selection (Snook, 2005; Birkhead et al.,
2009) either through sperm competition (Parker, 1970). In
contract, the evolutionary significance of the variation in
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sperm morphology commonly observed, both within species
and within males (Morrow and Gage, 2000; Pitnick et al.,
2009a). Consequently explaining the enormous variation
typically observe in sperm morphology is a major challenge
for evolutionary biologists (Morrow and Gage, 2001; Pitnick
et al., 2009a; Fitzpatrick and Baer, 2011)
Spermatozoan morphology has been used to help answer
some phylogenetic questions in Coleoptera (Quicke et al.,
1992; Jamieson et al., 1999). The sperm structure and
spermatogenesis of thrips have been well studied recently
(Paccagnini et al., 2006, 2007, 2009).
The morphology of the spermatozoa of various groups of
Coleoptera has been described, providing useful
information for phylogenetic studies. Burrini et al.,
(1988), for instance, realized an extensive work with
spermatozoa of different curculionoid families similarly,
(Baccetti and Daccordi, 1988) investigated sperm structure
in the family Chrysomelidae and (Dallai et al., 1998)
described
the
sperm
structure
of
Bruchidae,
Chrysomelidae and several Curculionoids. However the
morphological description
of the
spermatozoa
of
Chrysomelidae remains practically unknown, limited to
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only a short description by Baker, (2005) who examined
the species Leptinotarsa decemlineata. The aim of the
present study is to describe the sperm morphology of the
pumpkin beetles, Aulacophora foveicollis (Lucas) and
Aulacophora nigripennis (Motulansky).

2.MATERIALS AND METHODS

diamidino-2-phenylindole (DAPI, 1 mg/mL distilled water) to
this permeabilization buffer. All nuclei label in cells that are
exposed to DAPI. Squashes of testes were mounted in 70%
glycerin (v/v) in 0.1 M Tris (pH 9.0). Specimens were
imaged with a Cannon F600 using a combination of
fluorescent and Sperm dimensions were measured using
Image Pro software (Nardi et al., 2013).

Field collection of beetles

3.RESULTS

The adult pumpkin beetles were collected in the vicinity of
Annamalai
university,
Chidambaram,
Tamil Nadu.
Collections were made in the early morning by hand picking
because the beetles are very sluggish so all the insects are
collected before 11a.m. The beetles were brought to the
laboratory and reared in plastics cages, having a dimension
30X2 cm, at a laboratory temperature of 29 ± 1°C with 12
hours light and 12 hours dark photoperiod. The floor of the
cage was covered with fine sand, moderately moistened with
water daily in order to maintain the humidity of the cage. The
insects were fed daily with fresh leaves of cucumber
(Cucumis sativus), bottle gourd (Lagenaria siceraria),
Water melon (Citrullus lanatus), Muskmelon (Cucumis
melo) and Round
gourd belongs to same
family
Cucurbitaceae. The dissection made under binocular
microscope because the beetle is very tiny.

Measurement data of sperm cells in A.foveicollis

Preparation of Sperm Whole Mounts

Measurement data of sperm cells in A.nigripennis

Whole testes used for fluorescent labeling were always fixed
in 100% methanol and stored at -200 C until prepared as
squashes. From 100% methanol, tissues were transferred to
50% acetic acid for at least 30 min. After exposure to acetic
acid, testes were placed on a glass slide and a cover glass was
positioned over the testis. By applying gentle pressure to the
cover glass, cells of the testis were dispersed from a threedimensional configuration into a two-dimensional array.
Excess liquid was removed from the edge of the cover glass,
and the slide was placed upside down on dry ice for at least
two minutes. The cover glass was quickly flipped off the
frozen and squashed testis with the edge of a razor blade.
Tissue was further permeabilized for at least 30 min by
addition of a permeabilization buffer (PBS + 10% normal
goat serum + 0.1%Triton X-100). The cells were
subsequently stained by addition of a 1:1,000 dilution of 4',6-

Spermatozoa of A.nigripennis as seen under Flurocense
microscope appear like spiral, long and thin structure, with an
overall length 355.1±21.3µm (Table.1; Fig.4). The DAPI
staining reveals sperm nucleus and head piece which can be
distinguished from the flagellum (Fig.5). The length of the
sperm head is 11.3±1.1µm. The ratio of the total length and
head length is ~25.1 (Table.1). The spermatozoa are arranged
in bundle and the single sperm head was exposed kite like
structure (Fig.6). The flagellum directly connected at the
sperm heads. However, the connection is not strong and
bundles released in buffer tend to break up when agitated by
gently stirring the buffer. At higher magnification the sperm
tails reveals two major structures, one straightly blended and
another one arranged in deeply coil (Fig.6). The
measurements of 4-10 times the sperm head and tail length
are shown in Table.1.

Spermatozoa of A.foveicollis as seen under the Flurocense
microscope appear as rope like, long and thin with an overall
length 636±30.1µm (Table. 1; Fig.1). They are divided is to
head and flagellum regions. Staining the sperm nucleus with
DAPI reveals the head piece which can otherwise hardly be
distinguished from the flagellum (Fig.2). The length of the
sperm head is 30.8±2.3µm, the ratio of the total length and
head length is ~32.1 (Table.1). Situated in front of the
nucleus there is the acrosome, the spermatozoa taken from the
testis are aggregated in bundles (Fig.3). The more than
hundreds of sperms are arranged in a group of cells. The
flagellum is connected to the head portion of the sperm. The
sperm heads were exposed to DAPI stain. In single
spermatozoa the sperm head exposed star like structure
(Fig.1).

Table.1. Spermatozoan morphometric data of two species

Order

Family

Species

T otal length ±SD (µm)

Head length ±SD (µm)

Ratio of tail length:
Head length

Coleoptera

Chrysomelidae

Aulacophora
foveicollis

636±30.1 (n=4)

30.8±2.3 (n=10)

32:1

Coleoptera

Chrysomelidae

Aulacophora
nigripennis

355.1±21.3 (n=8)

11.3±1.1 (n=7)

25:1
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Figures. 1-3. Flurocense Microscopic view of the spermatozoa of A.foveicollis Sperm were measured whole mounts squashes prepare d from
te stes. Nuclei have been labeled with the fluorescent probe DAPI. (1) Single sperm cell of A.foveicollis overall length 636±30.1µm. (2). The
le ngth of the spe rm head is 30.8±2.3µm. (3). Spermatozoa taken from the testis are aggregated in bundles.
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Figures. 4-6. Flurocense microscopic view of the spermatozoa of A.nigripennis. Sperm were measured whole mounts squashes prepare d from
te stes. Nuclei have been labeled with the fluorescent probe DAPI. 4. Flurocense microscope appear A.nigripennis rope like, lo ng and thin
structure with an overall length 355.1±21.3µm.5. Sperm head distinguished from the flagellum 6. Sperm head were exposed kite like structure.
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4. DISCUSSION
A number of studies have shown sperm length to be
positively associated with sperm competition intensity (Gage
1994; Briskie et al., 1997; LaMunyon and Ward 1998, 1999,
2002; Morrow and Gage 2000). However the present study
demonstrated that the sperm head and tail length of pumpkin
beetle A.foveicollis overall length is 636±30.1µm and head
length is 11.3±1.1µm. The ratio of the head length and tail
length is 32.1. In A.nigripennis overall length 355.1±21.3µm
and the head length is 11.3±1.1µm. The ratio of head length
and tail length 25.1. Substantial variation in length of short
and long sperm were found across a large sample of both
butterflies (short length 106-883µm and long length 345-1545
µm) and moth (short length 106-883 µm, long length 11012675 µm) (Morrow and Gage, 2000). Consequently, many
authors generally recognize two sperm length morphs.
Drosophila in the observe group display more variation in the
length of the long sperm (139-1875 µm) than the short sperm
morph (56-299µm) (Pasini et al., 1996). Many reports are
deals with histology and morphology of reproductive organs
such as testes, vas deference and male accessory reproductive
glands. Morphology of spermatozoa in chrysomelidae no
records are found.
Approximate ratios of sperm flagellar length to sperm head
length for all strepsipterans examined are all smaller than 10
to
1: 5:1
reported
in
Halictophagus
chilensis
(Carcupino et al., 1993), 3:1 in Xenos vesparum (Dallai et al.,
2003), and 2:1 in Eoxenos laboulbenei (Nardi et al., 2013).
Each of these species represents a different family of
Strepsiptera. H. chilensis and X. vesparum represent the
suborder Stylopidia, and E. laboulbenei represents one of the
two extant families in its suborder Mengenillidia. Flurecense
image analysis in other order of insects were recorded such as
Albanycada albigera, Platypleura capensis, Azanocada
zuluensis, Platypleura hirtipennis with long and short sperm
heads reported by Chawanji et al. (2007). Sperm survival in
the female reproductive tract of Scathophaga stercoraria (L.)
reported by Bernasconi, (2002). Flurocense image of the
starvation on male insects in Tribolium castaneum reported
by Sonja et al. (2011); sperm head shaped and conjugation in
diving beetles Lyius oblitus, Neoporus undulates, N.undulatus
rouleau, Hydatius bimarginatus, Ilybius larsoni, Derovatellus
bimarginatus reported by Higgison et al. (2011). The types of
sperm conjugates with greater total length than the sperm they
contain up to three times longer in Graphoderus liberus,
Ilybius oblitus, Uvarus lacustris, Neoporus undulates,
Hygrotus sayi reported by Higgison et al. (2012). In the
present study demonstrated that overall sperm length is short
in A.nigripennis (355.1±21.3) compared to A.foveicollis
(636±30.7) and the flagellum is distinguished from the head
of the sperm cells. Flagellums are strongly connected with
sperm head in A.foveicollis. In A.nigripennis the flagellum is
weakly breakup from the sperm head. Almost similar type of
results was observed by Nardi et al. (2013) in different group
of Coleopteran insects, sperm overall length s uch as (Zonitis
flava (365.1±22.3), ~Hyleus scutellatus (362.5±13.4), Mylaris
Variabilis (603.3±77.1), and Macrosiagon triscuspidata
(1,236.3±38.1) and also noted, a similar hierarchy of ratios of
length of sperm flagellum and length of sperm head ~27:1,
~19:1, ~19:1 and ~ 37:1 respectively. The spermatozoa are
DAPI stained in the sawflies of Acordulecera sp, Trichiosoma

triangulum, Strongylogaster distans, Dolerus tejoniensis,
Tenthredo xantha, Cimbex americanum reported by Nathan et
al. (2001). The present observation indicate solid evidence
that variation in sperm length between the two Chrysomelidae
species, and they have to compare the sperm measurement
and structure of present investigation as well as earlier
reports, have support for a phylogenetic relationship and
transformation of species among the different families of
Coleopterans.
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