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Ultramorphology of the Tarsal Adhesive Structures of Eight Leaf
Beetle Species (Coleoptera: Chrysomelidae)
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Sciences, 19 A Yuquan Road, Shijingshan District, Beijing 10049, P.R. China

ABSTRACT: The tarsal ultrastructures of eight leaf beetle species (Coleoptera: Chrysomelidae) were
examined with a scanning electron microscope (SEM). The tarsi of the species examined bear five
tarsal segments (tarsomeres) and a pair of apical claws which have accessory claws in some species.
The ventral surface of the proximal three tarsomeres is covered with dense tenent setae and six types
of setae were found: tapered seta, spatulate seta, discoidal seta, bifid seta with tapered terminal plates,
bifid seta with spatulate terminal plates, and bifid seta with drop-shaped terminal plates. The tapered
seta with a deflexed and acute apex is usually located on tarsomeres I and II. The spatulate seta with
a spatulate terminal plate is usually located on tarsomere III. The discoidal seta is located only on the
tarsus of male beetles. The bifid setae which branch into two tips at the distal end of the seta have
tapered, spatulate and drop-shaped terminal plates. The function of these setae is briefly discussed.
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Many insects, as well as geckos and spiders, have the ability of attaching on sloping or
even vertical smooth surfaces. The adhesive force generated by insects is strong enough to
hold the body and sometimes the force can reach to 100 times their body weight (Vogel and
Steen, 2010). The attachment structures on the distal parts of the legs are the most critical
devices for attachment. Eight types of cuticular attachment structures were recognized on
hexapods’ legs as hook, lock, clamp, spacer, sucker, expansion anchor, glue and friction
(Gorb, 2001; Beutel and Gorb, 2001). For some species, two or more types of attachment
structures may exist simultaneously. The study of the adhesive ultrastructures of insects
will supply useful information for the design of bionic wall-climbing robots.

Two entirely different adhesive mechanisms (smooth and hairy) have been developed
in the long evolutionary process of insects. The smooth adhesive structures are smooth
sacculate or sheet structures with soft or partially sclerotized surfaces, such as a smooth
arolium (Orivel et al., 2001; Federle et al., 2001; Federle et al., 2002), smooth pulvilli
(Beutel and Gorb, 2001) and smooth euplantulae (Goodwyn et al., 2006; van Casteren and
Codd, 2010). The hairy adhesive structures are covered with arrays of micro-scale tenent
setae. The hairy adhesive structures have developed different forms in different groups of
insects, such as hairy pulvilli in Diptera (Gorb, 1998), fossula spongiosa in Reduviidae
(Hemiptera) (Wang and Liang, 2015) and hairy adhesive soles of tarsomeres in Coleoptera
(Stork and Evans, 1976; Stork, 1980; Pelletier and Smilowitz, 1987; Beutel and Gorb, 2001;
Betz, 2003; Bullock and Federle, 2011). Many species in Coleoptera bear hairy adhesive
soles on the ventral surface of tarsomeres which are the main contact organs of their legs
when climbing.

The Coleoptera is the largest group with the greatest species diversity within Insecta.
The beetles inhabit almost every environment on earth. They have developed different
adhesive structures of legs to climb to the substrates in their living environments. Studies
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Table 1. List of examined species.

Species Subfamily
Examined
specimens Location

Collecting
dates

Chrysomela populi L. Chrysomelinae 2♂ suburb of Beijing V.2012
Gastrolina depressa Baly Chrysomelinae 1♂, 1♀ suburb of Beijing V.2012
Plagiodera versicolora (Laicharting) Chrysomelinae 1♂, 1♀ Olympic Forest Park, Beijing VII.2012
Gastrophysa atrocyanea Motschulsky Chrysomelinae 1♂, 1♀ Beijing Botanical Garden V.2012
Pyrrhalta aenescens (Fairmaire) Galerucinae 1♀ Olympic Forest Park, Beijing VII.2012
Colasposoma dauricum Mannerheim Eumolpinae 1♂, 1♀ Huilongguan, Beijing VI.2012
Parnops glasunowi Jacodson Eumolpinae 1♀ Olympic Forest Park, Beijing VI.2012
Laccoptera quadrimaculata (Thunberg) Hispinae 1♂, 1♀ Beijing Botanical Garden VII.2012

on the adhensive structures on legs in Coleoptera were made in the families Dytiscidae,
Scarabaeidae, Curculionidae, Coccinellidae and Chrysomelidae. The dytiscids, which in-
habit bodies of water, have specific suckers on the ventral side of their tarsi (Stork, 1980).
The scarabaeids use sharp spines on the tibia, tarsi and claws to stab into the substrates. The
curculionids have dense, adhesive setae on the ventral surface of their tarsi and these setae
are longitudinally ribbed on the dorsal surface of their terminal plates. Three setal types,
namely, tapered, spatulate and discoidal setae, were found on the tarsi of the coccinellid
species (Stork, 1980).

Species of Chrysomelidae are arboreal dwellers and are capable of attaching to the
smooth surface of plant leaves (Yu et al., 1996). Their legs are developed for climbing and
the ventral surface of the proximal tarsomeres II–IV, which contact the substrates directly,
are covered with four types of dense tenent setae (Pelletier and Smilowitz, 1987; Voigt
et al., 2008). In our study, the ultrastructures of the tarsus and claws of eight leaf beetle
species (Chrysomelidae) were investigated with scanning electron microscope. This paper
presents descriptions of the ultramorphology, number, density, measurements, and distri-
bution of the adhesive setae found on tarsi and claws of the species and discussion of the
possible function of the setae found.

Materials and Methods

Insects

Specimens of eight leaf beetle species (Coleoptera: Chrysomelidae) were examined (see
Table 1), samples were deposited in the Insect Collection of the Institute of Zoology, Chinese
Academy of Sciences, Beijing, P.R. China.

Scanning Electron Microscopy (SEM)

Collected specimens were preserved in 75% ethanol. The pretarsi and tarsi of the fore-,
meso- and metalegs were excised from the body, cleaned by 2% phosphate buffered saline
(PBS), stepwise dehydrated in ethanol (70%, 80%, 90%, 100% × 3), critical-point dried
with CPD-030 critical point dryer, coated with gold by a BAL-TEC SCD 005 sputter coater,
and then viewed with a Quanta200 scanning electron microscope (FEI Co. Ltd., Oregon,
USA). The size and the number of the claws and setae were measured and analyzed with
the software Image-J 1.44 (National Institutes of Health, USA).



VOLUME 89, ISSUE 3 217

Terminology

Morphological terminology used in this paper mostly follows that of Stork (1980), Beutel
and Gorb (2001) and Betz (2003).

In this paper, we defined the area covered with tenent setae as the adhesive area. Tarsomere
I (abbreviated Tar I) is the proximal one while tarsomere V is distal. The “setule” is
defined as the short rod on the surface of a terminal plate of the spatulate seta. The
length of the seta was measured from the average of 3 setae with good images and the
density of setae was measured by counting the numbers of setae within 20 × 20 μm2

area.
The front- and meso-tarsus is similar to each other on the gross morphology and the

seta types in both male and female and the meta-tarsus in male is similar to the three
pairs of tarsi in female. The metatarsus in male and the front-, meso-tarsus and meta-
tarsus in female are absent with the discoidal seta compared with the front- and meso-
tarsus in male. Thus, this paper described the morphology of the front tarsi of males in
detail.

Results

Ultrastructural Morphology

The tarsus of the eight leaf beetle species examined bears 5 tarsal segments (tarsomere)
and the pretarsus with a pair of claws located at the distal end of tarsomere V. Tar I–III and
V are visible and Tar IV is invisible from ventral view (Fig. 9). The ventral surface of the
proximal 3 tarsomeres is covered with dense tenent setae.

Each single tenent seta consists of two parts: a setal shaft (sh) and a modified apex
(terminal plate (tp)) (Fig. 1D–F). According to the shape of the terminal plates, six different
types of setae are recognized, namely tapered seta, spatulate seta, discoidal seta, bifid seta
with tapered terminal plates, bifid seta with spatulate terminal plates and bifid seta with
drop-shaped terminal plates.

1. Chrysomela populi L. (Figs. 1, 9): Tarsus with 5 tarsomeres and a pair of sharp
claws. Proximal Tar I–III covered ventrally with tapered, spatulate and discoidal setae (Fig.
1A). Adhesive area of each tarsomere: Tar I: 0.156 mm2; Tar II: 0.052 mm2; Tar III:
0.149 mm2.

Tapered seta (Fig. 1D): Shaft: elongate and slender, straight at base, tapering upwards
with curved, acute and hook-like apex; 63.24 μm long (including tapered apex); 4.31 μm
wide at base, narrowing to 2.45 μm at apex. Apex: tapered and slightly bent at tip, 16.90
μm long and 2.83 μm wide at widest part; 1.5 setae per 100 μm2; present on whole ventral
surface of Tar I and II of three leg pairs in female and the male metalegs and present only
at edge of Tar I and II of male forelegs and mesolegs (blue area in Fig. 9A).

Spatulate seta (Fig. 1E): Shaft: straight and smooth, 67.59 μm long (including spatulate
plate), 2.95 μm wide at base, narrowing to 1.80 μm at apex. Terminal plate: spatulate, broad
and deflexed, with shallow longitudinal ridges and 1 setule (a short rod-shaped structure)
on dorsal surface, 6.75 μm long and 5.47 μm wide at widest part; 1.5 setae per 100 μm2;
present on whole ventral surface of Tar III of three female leg pairs and male metalegs and
at edge of Tar III of male forelegs and mesolegs (green area in Fig. 9A).

Discoidal seta (Fig. 1F): Shaft: thick and straight, 41.22 μm long, 3.73 μm wide at base,
narrowing to 2.77 μm at apex, with a 4.68 μm wide collar. Terminal plate: round to oval,
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Fig. 1. Tarsus and tenent setae of male C. populi, ventral view. A. front tarsus; B. Tar I; C. Tar III; D. tapered
setae; E. spatulate setae; F. discoidal setae. UN, ungue; Tar, tarsomere; Ts, tapered seta; Ss, spatulate seta; Ds,
discoidal seta; tp, terminal plate; sh, setal shaft.

9.89 μm long and 8.63 μm wide; 1 seta per 100 μm2; present in center of Tar I–III of male
forelegs and mesolegs and missing from female legs (orange area in Fig. 9A).

Claws without accessory claws (Fig. 1A).

2. Gastrolina depressa Baly (Figs. 2, 9): Proximal Tar I–III covered ventrally with
tapered, spatulate and discoidal setae. Adhesive area: Tar I: 32,357.03 μm2; Tar II: 14,900.39
μm2; Tar III: 62,250.78 μm2.
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Fig. 2. Tarsus and tenent setae of male G. depressa, ventral view. A. front tarsus; B. Tar III; C. tapered setae; D.
spatulate setae; E. discoidal setae; F. broken and hollow setal shaft.

Tapered seta (Fig. 2C): Shaft: elongate and slender, straight at base, tapering upwards
with curved, acute and hook-like apex; 58.13 μm long (including tapered apex); 3.42 μm
wide at base narrowing to 2.20 μm at apex. Apex: tapered and deflexed, 8.75 μm long and
2.64 μm wide at widest part; 1.5 setae per 100 μm2; present on whole ventral surface of
Tar I and II of three leg pairs in female and male metalegs and present only at edge of Tar I
and II of male forelegs and mesolegs (blue area in Fig. 9B, C).

Spatulate seta (Fig. 2D): Shaft: straight at base, 58.26 μm long (including spatulate
plate), 3.76 μm wide at base narrowing to 2.11 μm at apex. Terminal plate: spatulate and
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deflexed, with shallow longitudinal ridges and 1 setule on dorsal surface, 9.82 μm long and
6.46 μm wide at widest part; 1.5 setae per 100 μm2; present on whole ventral surface of
Tar III of three leg pairs in female and male metalegs and at edge of Tar III of male forelegs
and mesolegs (green area in Fig. 9B, C).

Discoidal seta (Fig. 2E): Shaft: thick and straight, 42.45 μm long, 3.19 μm wide at base
narrowing to 1.61 μm at apex, with a 3.96 μm wide collar. Terminal plate: round to oval,
9.39 μm long and 7.29 μm wide; 1 seta per 100 μm2; located contiguously in arrays in
center of Tar I–III of male fore- and mesolegs (orange area in Fig. 9B).

Claws without accessory claws (Fig. 2A).

3. Plagiodera versicolora (Laicharting) (Figs. 3, 9): Proximal Tar I–III covered ventrally
with tapered, spatulate and discoidal setae. Adhesive area: Tar I: 20,080.96 μm2; Tar II:
7953.05 μm2; Tar III: 22,653.88 μm2.

Tapered seta (Fig. 3D): Shaft: elongate and slender, straight at base, tapering upwards
with curved, acute and hook-like apex; 38 μm long (including tapered apex); 2.77 μm wide
at base narrowing to 1.63 μm at apex. Apex: tapered and slightly deflexed; 1.5 setae per
100 μm2; present on whole ventral surface of Tar I and II of three leg pairs in female and
male metalegs and present only at edge of Tar I and II of male forelegs and mesolegs (blue
area in Fig. 9D).

Spatulate seta (Fig. 3E): Shaft: straight at base, 50.70 μm long (including spatulate plate),
2.12 μm wide at base narrowing to 1.5 μm at apex. Terminal plate: spatulate and broad,
with 1 setule on dorsal surface, 4.52 μm long and 3.03 μm wide at widest part; 1.5 setae
per 100 μm2; present on whole ventral surface of Tar III of three leg pairs in female and
male metalegs and at edge of Tar III of male forelegs and mesolegs (green area in Fig. 9D).

Discoidal seta (Fig. 3F): Shaft: thick and straight, 31.45 μm long, 2.97 μm wide at base
narrowing to 2.45 μm at apex, with a 4.78 μm wide collar. Terminal plate: round to oval,
9.38 μm long and 7.55 μm wide; 1 seta per 100 μm2; present in center of Tar I–III of male
fore- and mesolegs and missing from female legs (orange area in Fig. 9D).

Claws without accessory claws (Fig. 3A).

4. Gastrophysa atrocyanea (Motschulsky) (Figs. 4, 9): Proximal Tar I–III covered ven-
trally with tapered, spatulate and discoidal setae. Adhesive area: Tar I: 38,214.45 μm2; Tar
II: 18,574.22 μm2; Tar III: 33,587.11 μm2.

Tapered seta (Fig. 4D): Shaft: elongate and slender, straight at base, tapering upwards
with curved, acute and hook-like apex; 54.68 μm long; 3.14 μm wide at base narrowing
to 2.30 μm at apex. Apex: acute and tapered with no obvious boundary with the shaft; 1.5
setae per 100 μm2; present on whole ventral surface of Tar I and II of three leg pairs in
female and male metalegs and present only at edge of Tar I and II of male forelegs and
mesolegs (blue area in Fig. 9E, F).

Spatulate seta (Fig. 4E): Shaft: straight at base, 47.46 μm long (including spatulate plate),
3.42 μm wide at base narrowing to 1.67 μm at apex. Terminal plate: spatulate and deflexed,
long and narrow, smooth with shallow longitudinal ridges and no setule on dorsal surface,
12.28 μm long and 3.95 μm wide at widest part; 1.5 setae per 100 μm2; present on whole
ventral surface of Tar III of three leg pairs in female and male metalegs and present at edge
of Tar III of male forelegs and mesolegs (green area in Fig. 9E, F).

Discoidal seta (Fig. 4F): Shaft: thick and straight, 29.64 μm long, 3.00 μm wide at base
narrowing to 1.67 μm at apex, with a 4.03 μm wide collar. Terminal plate: round to oval,
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Fig. 3. Tarsus and tenent setae of P. versicolora, ventral view. A. front tarsus, male; B. Tar I, male; C. Tar III,
female; D. tapered setae; E. spatulate setae; F. discoidal setae.

6.75 μm long and 5.60 μm wide; 1 seta per 100 μm2; present in center of Tar I–III of male
fore- and mesolegs and missing from female legs (orange area in Fig. 9E).

Claws without accessory claws (Fig. 4C).

5. Pyrrhalta aenescens (Fairmaire) (Figs. 5, 9): Only one female specimen examined.
Proximal Tar I–III covered ventrally with tapered and spatulate satae on female legs.
Adhesive area: Tar I: 86,059.84 μm2; Tar II: 11,708.08 μm2; Tar III: 57,680.23 μm2.
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Fig. 4. Tarsus and tenent setae of male G. atrocyanea, ventral view. A. front tarsus; B Tar I; C. ungues; D. tapered
setae; E. spatulate setae; F. discoidal setae.

Tapered seta (Fig. 5E): Shaft: straight at base, tapering upwards; 75.38 μm long (including
tapered apex); 3.18 μm wide at base narrowing to 2.20 μm at apex. Apex: tapered and
deflexed, remarkably broad, 17.26 μm long; 1 seta per 100 μm2; present on whole ventral
surface of Tar I and II of three leg pairs in female (blue area in Fig. 9G).

Spatulate seta (Fig. 5F): Shaft: straight at base, 50.05 μm long (including spatulate plate),
2.57 μm wide at base narrowing to 1.57 μm at apex. Terminal plate: spatulate and deflexed,
with 2 setules on dorsal surface, 6.86 μm long and 5.11 μm wide at widest part; 1.25 setae
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Fig. 5. Tarsus and tenent setae of female P. aenescens, ventral view. A. front tarsus; B. Tar I; C. Tar II; D. Tar
III; E. tapered setae; F. spatulate setae.

per 100 μm2; present on whole ventral surface of Tar III of three leg pairs in female (green
area in Fig. 9G).

Discoidal seta: missing from female legs.
Claws with 1 accessory claw on inner side of each claw (Fig. 5A).

6. Colasposoma dauricum Mannerheim (Figs. 6, 9): Tar III obviously bilobed and
departed. Proximal Tar I–III covered ventrally with tapered, spatulate and discoidal setae.
Adhesive area: Tar I: 119,319.29 μm2; Tar II: 63,588.64 μm2; Tar III: 95,247.91 μm2.
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Fig. 6. Tarsus and tenent setae of male C. dauricum, ventral view. A. front tarsus; B. Tar I; C. Tar III; D. tapered
setae; E. spatulate setae; F. discoidal setae.

Tapered seta (Fig. 6D): Shaft: straight at base, tapering upwards; 54.51 μm long (includ-
ing tapered apex); 3.36 μm wide at base narrowing to 1.73 μm at apex. Apex: tapered and
deflexed, 14.63 μm long and 2.93 μm wide at widest part; 1.5 setae per 100 μm2; present
on whole ventral surface of Tar I and II and proximal edge of Tar III of three leg pairs in
female and male metalegs and present only at edge of Tar I and II of male forelegs and
mesolegs (blue area in Fig. 9H, I).

Spatulate seta (Fig. 6E): Shaft: straight at base, 34.53 μm long (including spatulate
plate), 3.13 μm wide at base narrowing to 1.95 μm at apex. Terminal plate: spatulate and
deflexed, short and broad, smooth with shallow longitudinal ridges and no setule on dorsal
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surface, 8.30 μm long and 3.46 μm wide at widest part; 1.5 setae per 100 μm2; present on
ventral surface of Tar III of three leg pairs in female and male metalegs and present at edge
of Tar III of male forelegs and mesolegs (green area in Fig. 9H, I).

Discoidal seta (Fig. 6F): Shaft: thick and straight, 30.18 μm long, 3.02 μm wide at base
narrowing to 2.56 μm at apex, with a 3.84 μm wide collar. Terminal plate: round to oval,
6.96 μm long and 6.08 μm wide; 1 seta per 100 μm2; present in center of Tar I–III of male
fore- and mesolegs and missing from female legs (orange area in Fig. 9H).

Claws with 1 accessory claw on inner side of each claw (Fig. 6A).

7. Parnops glasunowi Jacobson (Figs. 7, 9): Only one female specimen examined. Tar
III obviously bilobed. Proximal Tar I–III covered ventrally with tapered and spatulate setae
in female. Adhesive area: Tar I: 74,041.02 μm2; Tar II: 27,305.86 μm2; Tar III: 75,983.60
μm2.

Tapered seta (Fig. 7E): Shaft: straight at base, tapering upwards; 44.88 μm long (including
tapered apex); 3.01 μm wide at base narrowing to 1.40 μm at apex. Apex: tapered and
slender, deflexed at half, 12.89 μm long; 1 seta per 100 μm2; present on whole ventral
surface of Tar I and II and proximal edge of Tar III of three leg pairs in female (blue area
in Fig. 9J).

Spatulate seta (Fig. 7F): Shaft: straight at base, 67.70 μm long (including spatulate plate),
3.87 μm wide at base narrowing to 1.29 μm at apex. Terminal plate: spatulate and deflexed,
smooth with shallow longitudinal ridges and no setule on dorsal surface, 5.11 μm long and
4.76 μm wide at widest part; 1 seta per 100 μm2; present on ventral surface of Tar III of
three leg pairs in female (green area in Fig. 9J).

Discoidal setae: missing from female legs.
Claws with 1 accessory claw on inner side of each claw (Fig. 7D).

8. Laccoptera quadrimaculata (Thunberg) (Figs. 8, 9): Proximal Tar I–III covered ven-
trally with 4 types of tenent setae, namely discoidal seta, bifid seta with tapered terminal
plates, bifid seta with spatulate terminal plates, and bifid seta with drop-shaped terminal
plates. Adhesive area: Tar I: 87,972.52 μm2; Tar II: 184,031.51 μm2; Tar III: 107,743.12
μm2.

Bifid seta with tapered terminal plates (Fig. 8C): Shaft: branched into 2 tips at very distal
end, 71.73 μm long (including tapered apex); 4.70 μm wide at base narrowing to 2.70 μm
at apex. Apex: bifid and tapered, deflexed at tip; 1 seta per 100 μm2; present on whole
ventral surface of Tar I and II of three leg pairs in female and present only at edge of Tar I
and II of male legs (yellow area in Fig. 9K, L).

Bifid seta with spatulate terminal plates (Fig. 8D): Shaft: branched into 2 tips at very
distal end, 85.20 μm long (including spatulate plate), 4.58 μm wide at base narrowing
to 2.07 μm at apex. Terminal plate: spatulate, smooth with no setule on dorsal surface,
6.86 μm long and 4.12 μm wide at widest part; 1 seta per 100 μm2; present on Tar III (pink
area in Fig. 9K, L).

Discoidal seta (Fig. 8E): Shaft: thick and straight, 64.52 μm long, 3.60 μm wide at base
narrowing to 1.68 μm at apex. Terminal plate: round to oval, 7.64 μm long and 7.21 μm
wide; 1 seta per 100 μm2; present in center of Tar I–III of male fore- and mesolegs (orange
area in Fig. 9K).

Bifid seta with drop-shaped terminal plates (Fig. 8F): present only on Tar II of male hind
tarsus (purple area in Fig. 9L).

Claws with 6 accessory claws on inner side of each claw (Fig. 8A, B).
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Fig. 7. Tarsus and tenent setae of female P. glasunowi. A. front tarsus; B. Tar II; C. Tar III; D. ungues and Tar V;
E. tapered setae; F. spatulate setae.

Discussion

Morphological Diversity of the Setae and Their Function

Six types of tenent setae are recognized on the tarsi of the above leaf beetle species
according to the morphology of setal terminal plates. They are tapered seta, spatulate seta
(with none or 1–15 setules on the dorsal surface of the terminal plate), discoidal seta (oval
or round), bifid seta with tapered terminal plates, bifid seta with spatulate terminal plates,
and bifid seta with drop-shaped terminal plates.
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Fig. 8. Tarsus and tenent setae of male L. quadrimaculata. A. front tarsus; B. hind tarsus; C. bifid setae with
tapered terminal plates; D. bifid setae with spatulate terminal plates; E. discoidal setae; F. bifid setae with drop-
shaped terminal plates.

The tapered seta is slender, straight at base and then tapered upwards and is usually
present on Tar I and II. The spatulate seta is usually present on Tar III. Sometimes there are
setules on the dorsal surface of the terminal plate of the spatulate seta and the number of the
setules varies between 1–15 among different species (Liu and Liang, 2013). The function
of these setules is hypothesized to prevent the setae to stick together (Stork, 1980). The
function of both tapered and spatulate setae is for climbing (Stork, 1980), but they produce
friction rather than adhesion (Bullock and Federal, 2011).



228 JOURNAL OF THE KANSAS ENTOMOLOGICAL SOCIETY

Fig. 9. Distribution of tenent setae on front tarsus except where indicated. A. C. populi, male; B. G. depressa,
male; C. G. depressa, female; D. P. versicolora, male; E. G. atrocyanea, male; F. G. atrocyanea, female; G. P.
aenescens, female; H. C. dauricum, male; I. C. dauricum, female; J. P. glasunowi, female; K. L. quadrimaculata,
male. L. hind tarsus, L. quadrimaculata, male. Blue, tapered setae; Green, spatulate setae; Orange, discoidal setae;
Yellow, bifid seta with tapered terminal plates; Pink, bifid setae with spatulate terminal plates; Purple, bifid setae
with drop-shaped terminal plates.

The discoidal seta is only present in males and the shape of the discoidal terminal plates
varies from round to oval or even peach-shaped with 1 or 2 tips in Oides decempunctatus
(Billberg) (Liu and Liang, 2013). The function of the discoidal seta is speculated to adhere
to the smooth elytra of the female beetles during the mating process (Stork, 1980). The
discoidal terminal plate provides the largest adhesive force on smooth surface and the
higher stability of discoidal setae help male beetles to achieve strong adhesion on the elytra
of females during copulation (Bullock and Federle, 2011).

The tapered, spatulate and discoidal setae are also common in the coccinellid species
(Moon et al., 2012) and many other species from Chrysomelidae (Stork, 1980). But for
spiders and geckos, the terminal plates of setae are usually spatulate (Autumn et al., 2000;
Kesel et al., 2004).

The bifid seta with 2 tapered tips is only found on Tar I and II in L. quadrimaculata. The
bifid seta with 2 spatulate tips is spade-like, branches into 2 tips at one third of the setal
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Table 2. Relationship among the body size, setal number, setal density and area of terminal plate.

Body length Setal Adhesive area Density Area of discoidal

Species length (mm) numbers (μm2) (numbers/100μm2) terminal plate (μm2)

Plagiodera versicolora 4.72 760 50,687.89 1.5 53.35
Colasposoma dauricum 5.29 4172 278,155.84 1.5 35.01
Gastrophysa atrocyanea 5.33 1356 90,375.78 1.5 31.20
Parnops glasunowi 6.45 1773 177,330.48 1 -
Pyrrhalta aenescens 7.43 1554 155,448.15 1 -
Gastrolina depressa 8.04 1643 109,508.2 1.5 39.15
Laccoptera quadrimaculata 9.35 3797 379,747.15 1 48.50
Chrysomela populi 10.52 5355 357,000.00 1.5 73.52

shaft and is seen only on Tar III of L. quadrimaculata. The bifid seta with 2 drop-shaped
tips is found only on Tar II of the hind legs of the male of L. quadrimaculata. The bifid seta
has a larger contact area compared with the single-tip seta. The function of the bifid seta is
to increase the effective contact area available for adhesion while the density of the setae is
kept constant (Stork, 1980, 1983).

Relationship Among the Body Size, Setal Number, Setal Density and Area of Terminal Plate

As shown in Table 2, the setal numbers and adhesive areas usually increase as the body
size increases. But, there are some exceptions. C. dauricum has relatively small body, but
it has numerous setal numbers and extremely large adhesive areas. P. versicolora has the
smallest body size and the least setal numbers, but it has larger terminal plate area than other
small-sized beetles. According to our observations, the Tar III of the leaf beetle species are
usually expanded to provide larger area for the covering of tenent setae. In addition, the Tar
I in male is usually wider than that in female (Fig. 9) and this provides the male beetles
with greater adhesive force to catch the female’s elytra during copulation.

The area of the terminal plate of a single seta increases as the body size increases, as
shown in Table 2. For example, the area of the discoidal terminal plate of the relatively
large C. populi is 73.52 μm2, while that in small-sized species, e.g., G. depressa and G.
atrocyanea, is 31–40 μm2. In L. quadrimaculata, each bifid seta has 2 terminal plates and
this doubles the adhesive area of the seta.

The density of the setae does not always increase as the body size increases, as shown
in Table 2. The densities of the tapered setae and the spatulate setae are approximately
1.5/100 μm2 in most species with different body sizes. The density of the discoidal setae
is usually 1/100 μm2 in most species. The long setae are more inclined to stick together
as the density increases. The space between the setae is important to keep them separated
from each other.
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