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Abstract

The sperm ultrastructure of two members of Cucujoidea was described. The Nitidulidae Meligethes flavimanus sperm are long
cells extending along the cyst cell with a series of helicoidal tracts. Each sperm cell has a bi-layered acrosome, a cylindrical
nucleus and two mitochondrial derivatives of unequal sizes, the one on the right side larger than the opposite one. The
axoneme has the common 9+9+2 microtubule pattern and is flanked by two accessory bodies. The one on the right side has
an extension of electron-dense material (a puff-like body) reaching the smaller mitochondrial derivative. The cytoplasm of
the sperm cyst hosts numerous bacteria. The sperm of the Phalacridae Olibrus affinis are very long cells that form numerous
foldings throughout the cyst. The sperm cell has a long bi-layered acrosome, a cylindrical nucleus and a conventional 9+9+2
axoneme. As in the previous species, two mitochondrial derivatives of different sizes are present, the one on the right side
larger than the second one, only 1/3 of the other. Two accessory bodies are on both sides of the axoneme. That on the right side
is very large, triangular shaped, while on the opposite side a small electron-dense dot is present. The study performed on the
two species of Cucujoidea confirms a close phylogenetic relationship between this superfamily and those of Chrysomeloidea
and Curculionoidea, a finding also supported by molecular data.
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Introduction

Coleoptera is the most comprehensive insect order with
more than 350.000 known species [1-5]. It was calculated that
about 25% of all described animal species is constituted by
beetles. The evolution of the group was estimated to occur in
the earliest Permian with the divergence among beetle series
occurring during the Triassic. Moreover, most superfamilies
appeared during Jurassic and almost 64% of families present
in the Cretaceous. This origin corresponds to the rise of
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angiosperms which favoured beetle diversification [6].
According to McKenna, et al. [7] the first beetle pollinators
of gymnosperms and early angiosperms, including some
early Cucujoidea and Phytophaga, appeared by the late
Jurassic, before bees and butterflies. Cucujoidea is a vast
superfamily of beetles; the current classification recognizes
37 families extremely diverse and taxonomically difficult [8-
11]. According to molecular data, this superfamily is closely
related to Chrysomeloidea and Curculionoidea that are
recovered as sister taxa (Phytophaga) [6]. Tenebrionoidea
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and Lymexyloidea are recovered together and Cleroidea plus
Tenebrionoidea represent the novel hypothesis for cucujform
superfamilial relationships [12]. Cleroidea, however, share
many characters with certain groups of Cucujoidea such that
these two superfamilies are difficult to separate [4,13]. The
superfamily Cucujoidea includes the families of Nitidulidae,
also known as sap beetles, and the Phalacridae, also known
as shining mold beetles. Nitidulidae is among the more
ecologically diverse and species-rich families of Cucujoidea
with 4500 species classified in ¢.351 genera [14]. The
Nitidulidae series was suggested to be the earliest-diverged
core of Cucujoid lineage [12]. The sperm ultrastructural
studies on these two families represent the first series of
observations on the superfamily allowing a comparative
analysis with the currently available ultrastructural
findings on the sperm structure from related groups such as
Curculionoidea and Chrysomeloidea [15-17].

Material and Methods

Specimens Several males and females of Meligethes
flavimanus were captured near Siena, on Crataegus sp
(Rosaceae), while only three females and two males of Olibrus
affinis were found on Asteraceae flowers near Mt. Amiata
(Siena) Light microscopy Bundles of sperm of Meligethes
flavimanus were isolated from deferent ducts of adult males.
The material was placed over a glass in a small drop of 0.1
M phosphate buffer (pH 7.2) to which 3% of sucrose was
previously added (PB). The sperm bundles or fragments of
the last part of deferent ducts were squashed with a coverslip
and observed and photographed using interference contrast
with a Leica DMRB microscope equipped with AxioCam
MRC5 HR camera (Carl Zeiss).

Transmission Electron Microscopy (TEM)

For TEM observations, adult males of M. flavimanus and
Olibrus affinis were dissected in PB to isolate the testes and
deferent ducts. The material was fixed overnight in 2.5%
glutaraldehyde in PB. After careful rinsing, the material was
post-fixed in 1% osmium tetroxide for 2 h. After rinsing, the
material was dehydrated with ethanol series (50%- 100%),
then transferred to propylene oxide and finally embedded
in an Epon-Araldite mixture of resins. We obtained semithin
sections of O. affinis samples, with an ultramicrotome
Reichert Ultracut, which we stained with 0.1% toluidine
blue and observed with a Leica DMRB interference light
microscope equipped with an AxioCam MRC5 HR camera
(Carl Zeiss). Ultrathin sections were obtained with a Reichert
Ultracut, routinely stained with uranyl acetate and lead
citrate and observed in a TEM Philips CM10 operating at
electron accelerating voltage of 80 kV.
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Results

Meligethes flavimanus (Nitidulidae)

The sperm of M. flavimanus is a relatively long cell
(about 180 pm long) (Figure 1A) forming a complex of
approximately 500 units in each germ cyst (Figure 2A).
In longitudinal section sperm cells extend along the cyst
volume with a series of helicoidal tracts (Figures 2B & 2C).
Quite interesting, the cytoplasm of cyst is filled with many
bacteria (Figures 2A & 2B).

In early spermatids, the nucleus, 1.1 pm in diameter,
shows two small infoldings at the level of which the layer of
microtubules surrounding the structure is missing (Figure
3A). The chromatin, uniformly distributed in the main part
of the nucleus, becomes denser at these levels. Beneath the
nuclear region an amount of electron-dense material of the
centriole adjunct, is evident; within this material a centriole
isvisible (Figure 3B-3D). On the opposite side of the centriole,
a large mitochondrial derivative is present. This structure
is characterized by the presence of a large electron-dense
inclusion, 0.23 pm wide (Figure 3C,3F). Further the nuclear
chromatin becomes distributed in several patches visible in
the nucleoplasm (Figurea 3E & 3F). Spermatid cells, in a cross
section, have a bi-layered acrosome with perforatorium, 0.4
pum wide (Figure 3E).

The axoneme has the classic 9+9+2 microtubular
pattern (Figure 4D). The axoneme is accompanied by two
mitochondrial derivatives. The one on the right side is elliptic
and larger than the opposite one (0.61 pm X 0.31pm). This
mitochondrion shows a globular density in the matrix. Both
the structures are surrounded by a layer of microtubules. At
this stage of spermiogenesis the accessory bodies are not
yet visible (Figure 4A). These structures become evident
further and they are visible flanking on both sides the
axoneme (Figure 4B,4D). The accessory body on the right
side is slightly smaller than the opposite one. This accessory
body, however, expands towards the axial region of the cell
with a thin electron-dense material. Beneath the accessory
bodies, two asymmetrical mitochondrial derivatives are
present (Figure 4B,4D). In cross section the one on the right
side is larger and circular than the opposite one and it has
an electron-dense matrix, while the second mitochondrial
derivative is elliptic and shows a moderately electron-dense
matrix (Figure 4D). The structures are still surrounded
by a layer of microtubules. At the end of spermiogenesis,
the sperm cells have a cylindrical shape with an apical bi-
layered conical acrosome about 3.0 um long with an inner
perforatorium (Figure 5A). The posterior acrosome region
is hosted in an infolding of the apical nuclear region (Figure
5A). The cylindrical nucleus is 0.4-0.5 pm in diameter.
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Figure 1: Meligethes flavimanus. A) A long sperm bundles after interference contrast microscope, with many sperm (sp)
anchored at the apical region by residual cyst cell (cy), and free flagella (F). B) Several sperm bundle still contained in the cyst
cells. The sperm flagella are tightly connected and show evident windings (arrows). In the inset, a detail of the apical region of
a sperm cyst to show the twisting of inner sperm. Note the apical nuclear shining region (arrowheads).
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Figure 2: Meligethes flavimanus. A) Cross section through a sperm cyst of mature sperm (sp). B-C) Longitudinal section

through a sperm cyst showing sperm flagella (sp) tightly and winding connected. Note that in the residual cytoplasm of the
cyst cell several bacteria (bc) are visible.
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Figure 3: Meligethes flavimanus. A) Cross section through the early nucleus (N) showing the two opposite infoldings of the
nuclear envelope (arrowheads). Note the uniform density of chromatin. B) Cross section through the centriolar region with
a remnant of nucleus (N), the large centriole adjunct material (ca) surrounding the centriole (c). C) Cross section of the
basal nuclear region with the nucleus (N) the centriole (c) and the large mitochondrial derivative (md). Note the layer of
microtubules (mt) surrounding the spermatid nucleus. D) Longitudinal section through the spermatid nucleus (N) with the
centriole surrounded by the centriole adjunct material (ca) and the axoneme (ax). E) Cross section of still early spermatids
with the acrosome (A) and the nucleus (N) surrounded by a layer of microtubules (mt). F) Cross section of early spermatids
with the nucleus (N) and the centriolar region with the centriole (c) surrounded by the centriole adjunct material (ca) and the

large mitochondrial derivative (md1).
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Figure 4: Meligethes flavimanus. A) Cross section of early spermatid flagella with the axoneme (ax), the two unequal
mitochondrial derivatives (md1 and md2), the larger one (md1) containing an electron-dense globular material (asterisk).
Note that accessory bodies are not yet visible. B-C) Cross section through advanced spermatids with the two unequal
mitochondrial derivatives (md1 and md2) and the two accessory bodies (ab) on both sides of the axoneme (ax). D) Cross
section of almost mature spermatozoa with the two unequal mitochondrial derivatives (md1 and md2), the larger one (md1)
filled with electron-dense material (asterisk) and the right accessory body (ab) with an extension of electron-dense material
\(arrowhead). A layer of microtubules (mt) still surrounds the structures.
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Figure 5: Meligethes flavimanus. A) Longitudinal section through mature sperm. A, acrosome; N, nucleus. B) Crosssection
through sperm flagellar axoneme (ax) with the two unequal mitochondrial derivatives (md1 and md2), the two similar
accessory bodies (ab); that on the right side is provided with a puff-like body (p). Note also that the position of the large
mitochondrial derivative and the axoneme are on the same longitudinal axis of the flagella.
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The sperm flagella (Figure 5B) have an elliptical shape
in cross section with the large mitochondrial derivative
placed in the deeper region of the cross section, opposite
to the axoneme. The axoneme is flanked by the two
triangular accessory bodies, with that on the right side
showing an extension of electron-dense material reaching
with its apex the smaller mitochondrial derivative. The tail
end is characterized by the lack of accessory bodies and
mitochondrial derivatives and by the disorganization of the
microtubular pattern.

Olibrus affinis (Phalacridae)

The sperm of O. affinis is are quite long cells (about 280-
300 pm long) assembled in numerous elements in large
elongated cyst cells which can reach the huge dimensions of
2.0 uym X 1.8 pm (Figures 6A-6E). The number of sperm per
cysts can be variable, but on average they consist of about
500 units (Figure 8A) as the results of 2° cell divisions of early
germ cells. Due to the sperm length and the reduced volume
of the cyst cells, the sperm run in sinuous way throughout
the cyst, forming several loops (Figures 6A-6E).

sperm looping (sp) throughout the cyst volume.

Figure 6: Olibrus affinis. A) Semi-thin section through testis showing the large sperm cysts (cy). B) Cross section at low
magnification showing the large number of sperm cells (sp) in each cyst. C) Cross section through a cyst to show the closeness
of nuclei (N) and tail ends (F) as consequence of sperm looping. D-E) Cross sections of two large sperm cysts to show the
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Figure 7: Olibrus affinis. A) Longitudinal section of the apical sperm with the pointed long acrosome (A) provided with the

0.2 ym

inner perforatorium (pf). Note the insertion of the basal region of the acrosome hosted in a deep nuclear (N) infolding (arrow).
B-C) Longitudinal section through the posterior nuclear region (N) showing the infoldings to host the axoneme (ax) and the
mitochondrial derivative (md). D) Cross section through the tail end showing the disappearance mitochondrial derivatives

and accessory bodies. The flagellar axoneme (ax) is disorganized and singlet microtubules are evident.

The sperm show a long apical bi-layered acrosome, 1.52
pm with an inner perforatorium. The basal region is hosted
in a deep nuclear infolding (Figure 7A). The nucleus, about
25 plong, is a cylindrical structure, 0.18 pym wide (Figures
7A-7C & 8A). The basal nuclear region shows an infolding to
adapt a mitochondrial derivative and, on the opposite side,
the centriole (Figures 7B,7C) surrounded by a scant centriole
adjunct material. The centriole has the conventional
structure and is devoid of the central microtubules but has
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already the 9 outer accessory tubules instead of the triplets
of microtubules (Figure 8C). The axoneme has the common
structure of 9+9+2 microtubular pattern for most of the
flagellar length (Figures 8C,8D). At the tail end, which has
reduced its width to 1.6 pm in diameter (Figures 7D & 8B),
the axoneme loses its normal configuration, the microtubules
becoming disorganized with only singlet microtubules
visible. The flagellar axoneme is accompanied by two
mitochondrial derivatives of different sizes. The one on the
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right side is clearly larger and shows a matrix with an evident
crystallization, while the second mitochondrial derivative is
smaller, about 1/3 of the opposite one (Figures 8C,8D). This
different shape of the mitochondrial derivatives was quite
evident in cross section of the initial flagellum and for most
of its length, but further the two structures became almost
of the same size or with the right mitochondrial derivative

slightly larger than the opposite one. These structures are no
longer visible at the flagellar end (Figure 7D). On both sides
of the axoneme, two accessory bodies are visible in cross
section. That on the right side is very large, triangular shaped
(0.16 pm X 0.13um), while that on the opposite side is very
small and looks like electron-dense dot, only 33 nm wide in
cross section (Figures 8C,8D).

Figure 8: Olibrus affinis. A-B) Cross sections through sperm cyst to show the numerous sperm. Note in Fig. A, the nucleus (N)
and in Fig. B, the tail end (F). C) Cross section through sperm flagella. At this level the two mitochondrial derivatives (md) are
different in size and shape. as well as the two accessory bodies (ab). ax, axoneme; N, nucleus; c, centriole. D) Cross section of
the sperm flagella at a deeper level, with the two mitochondrial derivatives (md) of approximately the same size and the two
accessory bodies (ab) very different in size with the right one quite small (arrows). ax, axoneme.
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Conclusion

The general sperm ultrastructure of both Cucujoidea
families studied in the present work indicates is
similar to that of the superfamilies Curculionoidea and
Chrysomeloidea. This confirms that all these superfamilies
share sperm features typical of the section Cucujiformia.
On the contrary, the sperm features appear to be quite
different from those of members of already studied [1,15]
and [17,18]. Thus the complex of characters dealing with
sperm morphology confirms that sperm is a valid instrument
to provide valuable information for researches on insect
phylogeny among species within the superfamily. [19-21].
The most important character suggesting the occurrence of a
relationship between the mentioned groups is the presence,
in the sperm flagellum, of two accessory bodies of different
sizes. The structure of the accessory bodies is one of the most
important features among Coleoptera [19]. Several works on
different groups of beetles have established that the number,
shape and structural organization of the accessory bodies can
be variable, depending on the amount of the material of the
centriole adjunct; it is well known that these structures are
in continuity with this material [19-22] and extend along the
sperm flagellum on both sides of the axoneme. In the species
studied here the two accessory bodies have a different shape.
In the Phalacrid O. affinis one accessory body is extremely
small, while the opposite one is uncommonly large. Such
different in size of the two structures could be due to the
scant development of the centriole adjunct material at the
centriolar level. Differently, in the Nitidulid M. flavimanus the
two accessory bodies are slightly different in size, with the
smaller one showing an extension towards the axial region
of the sperm flagellum. Such extension is quite evident in the
Curculionoidea where it was defined as a “puff-like body”,
apparently consisting of part of the material of the accessory
body, but displaying a different appearance [16,17]. A similar
structure was also described in sperm of Chrysomeloidea
[16,17]. This similarity between the structure of the
accessory bodies in members of Chrysomeloidea and in
the species of Nitidulidae must be carefully considered
in order to verify whether the same evidence is present in
other species of the family. Another important characteristic
observed in the species here examined is the presence of
two mitochondrial derivatives of different sizes. That on
the right side is larger than the opposite one. The presence
of such unequal size of the two mitochondrial derivatives
is an important marker distinguishing members of the
Cucujoidea from those of the superfamilies Cleroidea and
Tenebrionoidea which are characterized by two identical
mitochondrial derivatives either of regular or small size
[22,23] or giant structures as it occurs in Divales sp. [24]. The
asymmetry of the mitochondrial derivatives, with the largest
mitochondrion placed, in a flagellum cross section, in the
opposite position of the axoneme is also typical of the sperm
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of Chrysomeloidea and Curculionoidea [16,17,25]. The large
mitochondrial derivative also has a large crystallization of its
matrix, while the smaller mitochondrion has not. Finally, the
two species studied here exhibit large cyst cells containing a
great number of sperm. This finding was already observed
in several beetles and according to Virkki [26] such a feature
would be indicative of a archaic phylogenetic position of
the species exhibiting this result. A further consideration
deals with the large number of sperm cells in each cyst
showing numerous sperm tail convolutions. This feature is
presumably an adaptation to host numerous and very long
sperm in a narrowed cyst volume. This gives rise to multiple
folds of the sperm flagella with evident numerous loops
determining the positioning of sperm heads close to flagellar
ends. We consider noteworthy to mention that the cytoplasm
of the cyst cells hosts numerous bacteria. The presence
of bacteria in insect tissue is not a rare event. It is known
that many insects have intracellular symbiotic bacteria that
provide them with essential nutrients [27]. However, many
insects rely such symbionts within specialized host cells,
the bacteriocytes. In the testes of the Nitidulid species here
studied, on the contrary, the bacteria are present within
the cytoplasm of cyst cells. Whether their presence can
give some benefits to the sperm development within the
cyst is unknown. In conclusion, from the study performed
on the two species of Cucujoidea we can conclude that the
sperm morphology has confirmed the occurrence of a close
phylogenetic relationships of this superfamily with those
of Chrysomeloidea and Curculionoidea, as also supported
by molecular data [6,7]. The peculiarity dealing with the
accessory bodies of extremely different sizes in the member
of the family Phalacridae could be due to the different
phylogenetic positions of the two families Nemonichidae and
Phalacridae which belong to two different clades. Further
studies on other members of the family are required to verify
this hypothesis.
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