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Ultrastructure of the Tarsus in Oides decempunctatus (Billberg)
(Coleoptera: Chrysomelidae)
ZHENG LIU1,2
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AI-PING LIANG1,3

ABSTRACT: The ultrastructure of the tarsus of adult Oides decempunctatus (Billberg)
(Coleoptera: Chrysomelidae) was examined using scanning electron microscopy. Structurally
the tarsus consists of 5 tarsomeres and a pair of bidentate ungues on the pretarsus. The ventral
surfaces of the 1st, 2nd and 3rd tarsomere are covered with dense adhesive setae. Each seta
consists of two parts: a setal shaft and a modified apex. Three types of setae, viz. tapered setae,
spatulate setae and discoidal setae, are identified based on the shape of the setal tip. The tapered
setae are located at the edge of the 1st tarsomeres and on the whole 2nd tarsomeres of the male
forelegs and mesolegs and on the whole 1st and 2nd tarsomere of the female legs and male
metalegs. They are about 40–60 mm long and 4 mm broad at base, taper from base to apex with a
curved, acute and hook-like apex and have a density of approximately 1 seta/100 mm2. The
spatulate setae are located at the edge of the 3rd tarsomeres of the male forelegs and mesolegs
and on the whole 3rd tarsomeres of the female legs and male metalegs. They are 55–85 mm long
and 2.5–4.5 mm broad at base, have a spatulate terminal plate with 7–15 digits on margins, and
have a density of approximately 1.5 setae/100 mm2. The discoidal setae are located in the centre of
the 1st and 3rd tarsomeres of the male forelegs and mesolegs and are not present on female legs.
They are about 45–80 mm long and 2.5–4.5 mm broad at base, have a discoidal terminal plate (7–
9 mm in diameter) and have a density of one seta/100 mm2. These setae are presumed to function
as adherence during climbing or mating activities of the beetles. The gland apertures and
secretion solidification are also present on the ventral surfaces of the tarsus.
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Many insects, such as ants, flies and beetles, are capable of climbing upside down
on smooth surfaces. Some of them are even capable of carrying loads equivalent to
more than 100 times their own body weight, and can attach or detach freely while
running in a high speed (Vogel and Steen, 2010). The mechanism behind the adhesive
function of insect extremities is still a mystery.
Legs are the most important organs for insect attachment to substrates. The
attachment or detachment is performed by the adhesive structures located on the tarsi
and pretarsi of the legs. There are mainly two different ways for insects to attach to
substrates: smooth pads and hairy pads. The smooth pads are characterized by the
presence of a very soft, bare and flexible cuticle and are found in the ants (Orivel et al.,
2001; Federle et al., 2002), honeybees (Federle et al., 2001), cockroaches (van Casteren
and Codd 2008) and grasshoppers (Goodwyn et al., 2006). According to their positions
on the legs, the smooth pads can be further divided into the smooth arolium
(Formicidae, Cicadidae), smooth pulvilli (Coreidae, Pentatomidae) and smooth
euplantulae (Blattaria, Orthopteran). The hairy pads are characterized by a dense
cover with adhesive setae, and according to their positions, they can also be divided into
the hairy soles of tarsomeres (Coleoptera), ‘‘hairy’’ pulvilli (Diptera except for tipulids)
and empodium (Bibionidae, Tabanidae), fossula spongiosa (Reduviidae) (Stork, 1980;
Gorb, 1998; Beutel and Gorb, 2001; Betz, 2003; Bullock and Federle, 2011b).
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Most Coleopteran species have hairy adhesive soles of tarsomeres, which are the
main contact areas between the legs and the substrates (Stork, 1980). Members of the
family Chrysomelidae are phytophagous and show advanced climbing skills on their
host plants. The tarsal segments (tarsomeres) of chrysomelid species are usually wide
and flattened which enables the beetles to increase the contact areas and adhesive
forces with their host plants.
Previous work on the tarsal ultrastructure in Chrysomelidae is scarce. Stork (1980)
observed the tarsal adhesive setae of 24 species in Chrysomeloidea with SEM and
found five types of setae, viz. the simple setae, spatulate setae bearing 1 or more
digits, spatulate setae with no digits, bifid setae and disco-setae.
Oides decempunctatus (Billberg, 1808) (Coleoptera: Chrysomelidae: Galerucine) is
a very common and widespread leaf beetle species in Asia and is present in most
provinces of China, Korea and Japan. It is oval-shaped, yellow or orange with five
black spots on each elytron and is often misidentified as a ladybug (Figs. 1A, 3A). O.
decempunctatus is oligophagous with both the adults and larvae feeding on grape
(Vitis spp.) leaves, causing dotted or erose holes. Occasionally the entire diachyma is
consumed, leaving only the leaf veins (Yu et al., 1996, pp. 117–118). Like many other
Chrysomelidae species, O. decempunctatus is good at climbing on smooth surfaces
(Liu and Liang, unpubl. data).
This paper presents descriptions of the tarsal ultrastructure of both male and female
O. decempunctatus for the first time. Information on the external morphology,
measurements, density and distribution of the adhesive setae are provided.
Materials and Methods
Insects
One male and one female adult specimen of O. decempunctatus were examined
with the scanning electron microscope. The female was collected in the Beijing
Botanical Garden, Beijing, China, in July 2011, and the male was collected in
Guangdong Province of China, in July 1960. The specimens were deposited at the
Insect Collection of the Institute of Zoology, Chinese Academy of Sciences.
Terminology
Morphological terminology mostly follows that of Stork (1980), Beutel and Gorb
(2001) and Betz (2003).
SEM
The pretarsi and tarsi of forelegs, mesolegs and metalegs were removed from the
body, cleaned by 2% phosphate buffered saline, stepwise dehydrated in ethanol
(70%, 80%, 90%, 100% 3 3), critical-point dried, coated with gold, and then viewed
with a Quanta200 scanning electron microscope (FEI Co. Ltd., Oregon, USA).
Results
Gross Morphology of Tarsus
The 1st tarsomere (Tar I) is elongate and triangular in ventral view and its width is
different in males and females: 1st tarsomeres of male forelegs and mesolegs
(Fig. 3B, C) are somewhat wider than those of females (Fig. 1B, C). The 2nd
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Fig. 1. Tarsi of the female Oides decempunctatus. A. Female adult, dorsal view. B. Tarsus and pretarsus,
ventral view. C. 1st tarsomere, ventral view. D. 2nd tarsomere, ventral view. E. 3rd tarsomere, ventral
view. F. 5th tarsomere and ungues, ventral view. Abbreviations: un, ungue (claw); tar I, the 1st tarsomere;
tar II, the 2nd tarsomere; tar III, the 3rd tarsomere; tar V, the 5th tarsomere.
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tarsomere (Tar II) is short and trapeziform (Figs. 1B, D; 3B, D). The 3rd tarsomere
(Tar III) is enlarged, bilobed and heart-shaped (Figs. 1B, E; 3B, E). The ventral
surfaces of the 1st, 2nd and 3rd trasomeres are covered with dense setae. The 4th
tarsomere (Tar IV) is extremely reduced and is hidden inside the 3rd tarsomere. The
5th tarsomere (Tar V) is elongate and slender and is scattered with setae on the
ventral, lateral and dorsal surfaces (Fig. 1F).
Morphology and Types of Tarsal Setae
Each seta on the ventral surfaces of the 1st, 2nd and 3rd tarsomere consists of two
parts: a setal shaft (sh) and a modified apex that is either tapered or is a spatulate or
discoidal terminal plate (tp) (Figs. 2, 4). These three types of setae are separately
situated in specific parts of the tarsus. The three female leg pairs and male metalegs
only have two types of setae (Figs. 1, 2), but all three types of setae are present on
male forelegs and mesolegs (Figs. 3, 4). The distribution of all three types of setae on
male forelegs and mesolegs is indicated with three different colors with the tapered,
spatulate and discoidal setae highlighted in blue, green and orange, respectively.
These setae are presumed to function as adherence during the climbing or mating
activities of the beetles.
Tapered setae. These setae are located on the whole ventral surfaces of the 1st and
2nd tarsomeres of the three female leg pairs and the male metalegs (Fig. 1C, D) and
are present only at the edge of the 1st tarsomeres and on the whole 2nd tarsomeres of
the male forelegs and mesolegs (Fig. 3B–D). The seta is elongate, slender, about 40–
60 mm in length and 4 mm in width at base. The setal shaft is straight at base, tapers
upwards with curved, acute and hook-like apex (Figs. 2A, B, 3F) and centrally
hollow (Fig. 6). There is approximately 1 tapered seta in each 100 mm2 on average.
Spatulate setae. These setae are located on the whole ventral surfaces of the 3rd
tarsomeres of three female leg pairs and the male metalegs (Fig. 1E) and at the edge
of the 3rd tarsomeres of the male forelegs and mesolegs (Fig. 3B, E). The setal shaft
is straight, slightly bent, 55–85 mm in length and 2.5–4.5 mm in width. Each seta has a
spatulate terminal plate and the widest part of the terminal plate is 6–8 mm in width.
The ventral surface of the terminal plate is smooth but its dorsal surface has 7–15
digits (Figs. 2C, F, 4A, B). The spatulate setae are in a high density and there are
approximately 1.5 setae in every 100 mm2 on average.
Discoidal setae. These setae were only found in the centre of the 1st and 3rd
tarsomeres of the male forelegs and mesolegs and are missing from female legs. The
setal shaft is straight, about 45–80 mm in length and 2.5–4.5 mm in width. Each seta
has a discoidal terminal plate. The terminal plate is approximately 7–9 mm in
diameter and its marginal area is slightly higher than the centre (Fig. 4C, F). The
terminal plates of the discoidal setae on the 1st tarsomeres usually bear 2 or 1 tips at
the edge, while those on the 3rd tarsomeres usually have only one or no tips. The
discoidal setae are in a lower density and there is only 1 discoidal seta on every
100 mm2 on the 3rd tarsomeres.
Pretarsus
The pretarsus of O. decempunctatus has paired horn-shaped claws (Fig. 1F), which
connect to the distal end of the 5th tarsomere. These claws are spread and bidentate.
They are approximately 200 mm in length and 310 mm in width. The accessory claws
are about 150 mm in length.
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Fig. 2. Setae on the tarsi of the female Oides decempunctatus. A. Tapered setae on the 1st tarsomere;
B. Tapered setae on the 2nd tarsomere. C–F. Spatulate setae on the 3rd tarsomere. Abbreviations: sh, setal
shaft; tp, terminal plate; white arrow indicates the gland apertures.
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Fig. 3. Tarsi of the forelegs and mesolegs of male Oides decempunctatus. A. Male adult, dorsal view.
B. Tarsus and pretarsus, ventral view. The tapered, spatulate and discoidal setae separately present in the
blue, green and orange area. C. 1st tarsomere, ventral view. D. 2nd tarsomere, ventral view.
E. 3rd tarsomere, ventral view. F. Tapered setae at the edge of the 1st tarsomere. Abbreviations: un,
ungue (claw); tar I, the 1st tarsomere; tar II, the 2nd tarsomere; tar III, the 3rd tarsomere; tar V, the
5th tarsomere.
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Fig. 4. Setae on the forelegs and mesolegs of male Oides decempunctatus. A, B. Spatulate setae at the
edge of the 3rd tarsomere. C, D. Discoidal setae in the centre of the 1st tarsomere. E, F. Discoidal setae in
the centre of the 3rd tarsomere. Abbreviations: sh, setal shaft; tp, terminal plate; white arrow indicates the
gland apertures.

VOLUME 86, ISSUE 2

129

Fig. 5. Secretion solidification on the 3rd tarsomeres of male (A) and female (B) of Oides
decempunctatus. Abbreviations: sh, setal shaft; tp, terminal plate.

Secretion
Many gland apertures of secretion were seen on the ventral surface of tarsus (white
arrows in Figs. 2A, 4C) and the secretion solidification was found around the setae.
Substantial secretion was found on the 3rd tarsomeres (Fig. 5A, B).
Discussion
Presence of Expanded Tarsi and Bidentate Ungues
Like many other arboreal Chrysomelidae species, O. decempunctatus has flattened
and expanded tarsi covered with extremely dense hairs. In males, the first tarsal
segments of forelegs and mesolegs are obviously wider than those of females. O.
decempunctatus has a pair of bidentate ungues (claws) and the sharp ungues can stab
into the plant tissues or hook the rough surfaces. The ungues are much useful on the
rough surfaces, while the hairs are of huge significance for adhesion on the smooth
surfaces (Bullock and Federle, 2011a).
The tarsal and pretarsal structures of O. decempunctatus are likely well-adapted to
the arboreal dwelling environment in which the leaves are smooth and need more
adhesive forces for attachment. In order to climb on foliage, their tarsi and claws (the
contact organs) have been experiencing a long co-evolution process with the leaf
surfaces of their host plants. The host plants have developed tomenta or waxes on
their leaves preventing beetles from walking on them (Gorb et al., 2002). On the
other hand, the beetles have developed expanded tarsi and bidentate ungues to
increase their adhesive forces.
Diversity of Setae Morphology
O. decempunctatus has three different types of setae on the tarsus. The
morphology, distribution and adhesive force of these setae are diverse. The tapered
setae with their acute and hook-like apices and the spatulate setae are for climbing
(Stork, 1980). The spatulate setae have some digits on the dorsal surface of their
terminal plates, which differ in number (0, 1 or more) in different beetle species
(Stork, 1980). According to Stork (1980), these digits may prevent the setae to stick
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Fig. 6. Tapered setae of Oides decempunctatus, showing centrally hollow setal shafts.

together. Compared with the tapered setae, the spatulate setae are more numerous in
density and larger in size, so they should have much more contact area on the
substrates and supply more adhesive forces for climbing onto leaf surfaces of their
host plants or other smooth surfaces.
The discoidal setae are specific for males and may play an important role in the
mating behavior. During the mating process, the male beetles need to grasp the
females’ elytra tightly and the elytra are particularly smooth. The discoidal setae are
found in males of many beetle species and differ in number, shape, diameter and
distribution (Stork, 1980; Pelletier and Smilowitz, 1987; Bullock and Federle,
2011b). Stork (1980) studied 4 Galerucine species (Chrysomelidae) and found that
the greatest number of the discoidal setae in Sermylassa halensis (L., 1767) was found
on the 2nd and 3rd tarsomeres of the fore and middle tarsi. However, in Lochmaea
suturalis (Thomson, 1866) and L. caprea (L., 1758), the greatest number of the
discoidal setae was found on the 1st tarsomeres of the hind tarsi, and they are absent
in Galerucella tenella (L., 1761) (Stork, 1980).
Secretion
The gland apertures and secretion solidification around the setae on ventral
surface of tarsus are very common in beetle species and they are important in the
adhesive process. The contact of the insect adhesive organs and the substrates is
mediated by an adhesive liquid film (Federle et al., 2002). The liquid film provides
adhesive forces by means of the surface tension and viscosity. Without the liquid
film, the adhesive forces will decrease quickly (Langer et al., 2004). There are some
canals through the cuticle to release the secretion. However, the mechanism of the
wet adhesion is little understood.
In O. decempunctatus, the secretion appears to be released onto the surface of the
tarsus through the apertures and the centrally hollow setae (Figs. 2A, 4C, 6).
Histological sections are, however, required to verify this hypothesis.
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Many factors, such as the physicochemical property of the secretion, the length
and flexibility of the setal materials, the shape of the setal terminal plates, and the
width of the tarsus all contribute to the climbing ability of the beetles (Beutel and
Gorb, 2001). Setae are made of soft, pliable and flexible materials and are able to
adapt to the surface profile of the substrate. Adhesive setae need to be both long
enough and sufficiently fine to accommodate the surface roughness (Bullock and
Federle, 2011a). The flexibility of these setae allows the minimization of contact
distances and maximization of contact areas in order to increase the adhesive force
(Beutel and Gorb, 2001). On a single discoidal terminal plate, the central part
supplies adhesion approximately twice as strong as the edge part does (Langer et al.,
2004).
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