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A B S T R A C T

Insect mouthparts are important sensory and feeding structures, morphological studies of this organ can provide ad-
ditional data for phylogenetic studies. The planthopper superfamily Fulgoroidea is among the dominant groups of
phytophagous insects, however, the mouthparts ultrastructure of this superfamily remains unsatisfactorily studied. This
study investigates the ultrastructure of the mouthparts of two species in the family Derbidae (Hemiptera: Fulgoroidea),
Diostrombus politus Uhler and Proutista moesta (Westwood), using a scanning electron microscope. The results show that
these two derbids are of a typical piercing-sucking type found in Hemiptera. They consist of a cone-shaped labrum, a
three-segmented labium and a stylet fascicle with two interlocked maxillary stylets incompletely wrapped by two
mandibular stylets. The arrangement of the sensilla on the labial tip differ slightly between the two derbid species, and
the subapical labial sensilla are likely different among genera in the family Derbidae.

Introduction

Insect mouthparts are the cephalic parts and appendages that are
involved in feeding and food ingestion (Zacharuk, 1985). The mouth-
parts of insects display a diversity of form and function. Thus, mor-
phological studies can be used to reveal the feeding habits and feeding
mechanisms of insects (Forbes, 1977; Cobben, 1978; Labandeira, 1997;
Krenn, 2007; Chapman, 2013). In addition, mouthpart morphology
provides excellent data for phylogenetic studies because the mouthparts
throughout the orders of Insecta are composed of a set of homologous
components which are ultimately derived from arthropod limbs (Krenn,
2007). Some recent studies have indicated that the structure of insects'
mouthparts provide additional characters for taxonomy and phyloge-
netic analysis in insect orders (Scholtz, 1990; Sinclair, 1992; Ashe,
2000; Jameson et al., 2007; Weirauch, 2008; Beutel et al., 2009; Meier
and Lim, 2009; Brożek and Bourgoin, 2013b; Brożek, 2014). However,
in such analyses it is necessary to examine the features of mouthparts
from a number of representative taxa before the usefulness of mouth-
part morphology in phylogenetic work can be evaluated.

The planthopper superfamily Fulgoroidea (Insecta: Hemiptera) is
among the dominant groups of phytophagous insects, and includes
about 13,000 species worldwide (O'Brien and Wilson, 1985; Bourgoin
et al., 2015). Members of this group have highly modified piercing-

sucking mouthparts and some of them are vectors for plant diseases,
especially phytoplasmas which live in the phloem of plants and can be
transmitted by planthoppers when feeding (Lee et al., 2000). Despite
previous studies of mouthpart ultrastructure, the interlocking me-
chanisms of the maxillae and mandibles and the apical sensory tip of
the labium of Fulgoroidea (Sōgawa, 1977, 1981; Foster et al., 1983a,b;
Backus, 1985; Liang, 2001, 2005; Mora et al., 2001; Brożek et al., 2006;
Zhang et al., 2011; Wang et al., 2012; Brożek and Bourgoin, 2013a,b;
Dai et al., 2014; Hao et al., 2016; Meng and Qin, 2017), the mouthparts
ultrastructure of this superfamily remains unsatisfactorily studied.

The family Derbidae is the third largest family of Fulgoroidea (Yap
and Bourgoin, 2016). It includes approximately 1600 described species
worldwide and most species are associated with monocots and parti-
cularly palms in the Arecaceae (Attié et al., 2008; Yap et al., 2015; Yap
and Bourgoin, 2016). To date, only the labial sensilla of Proutista fri-
tillaries (Boheman) and the interlocking mechanism of the maxillae and
mandibles of Diostrombus gangumis Van Stalle have been briefly de-
scribed (Brożek et al., 2006; Brożek and Bourgoin, 2013a,b). In the
present work, the mouthpart morphology of Diostrombus politus and
Proutista moesta are studied. The aim of this study is to find more
morphological evidence that may be useful for future studies in tax-
onomy and phylogeny of the superfamily Fulgoroidea, especially within
Derbidae.
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Materials and methods

Sample preparation for scanning electron microscopy

Adults of P. moesta were collected at Huaping in Guilin, Guangxi
Province, China in July 2014 (N 25°37′57.88″ and E 109°54′32.39″)
and D. politus were collected from Hongya in Emei, Sichuan Province,

China in July 2015 (N 29°34′31.95″ and E 103°14′56.25″). All the
specimens were preserved in 70% ethanol. Voucher specimens were
deposited in the Entomological Museum of Northwest A&F University.

The specimens used in this study were randomly-selected, with
seven specimens of each species. The fixed specimens were dehydrated
in a graded series of 75%, 80%, 85%, 90%, and 95% ethanol for 20min
each and in 100% ethanol twice for 30min. After air-drying for 24 h,

Fig. 1. Scanning electron micrographs (SEMs) of the
mouthparts of adult Diostrombus politus. (A) Anterior
view. (B) Lateral view. (C) Posterior view showing
the three labial segments. Cl, clypeus; I–III, three
segments of labium; Lb, labium; Lg, labial groove;
Lm, labrum; MJ, membranous joint between the first
and second segments; Sf, stylet fascicle. Scale bars:
(A)= 200 μm; (B) and (C)= 250 μm.

Fig. 2. Scanning electron micrographs (SEMs) of the
mouthparts of adult Proutista moesta. (A) Anterior
view. (B) Lateral view. (C) Posterior view showing
the three labial segments. Cl, clypeus; I–III, three
segments of labium; Lb, labium; Lg, labial groove;
Lm, labrum; MJ, membranous joint between the first
and second segments; Sf, stylet fascicle. Scale bars:
(A), (B) and (C)= 250 μm.
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Fig. 3. SEM of the first segment of labium of D. po-
litus. (A) Ventral view of the first labial segment and
the membranous joint. (B) Ventral view of the first
labial segment. (C) Lateral view of the first labial
segment. (D) Enlarged view of outlined box of (C),
showing the sensilla basiconica subtype I and the
papillae. (E) Sensilla basiconica subtype I. (F)
Bifurcated sensillum basiconica subtype I. (G)
Sensillum chaetica subtype I. (H) Sensillum chaetica
subtype II. Ch1–3, sensilla chaetica subtypes I–III;
BSN1, sensilla basiconica subtype I; BBSN1, bifur-
cated sensillum basiconica subtype I; pa, papillae.
Scale bars: (A), (B) and (C)=100 μm; (D)=10 μm;
(E) and (I)= 2.5 μm; (F) and (H)=5 μm;
(G)= 15 μm.

Fig. 4. SEM of the first segment of labium of P.
moesta. (A) Ventral view of the first labial segment
and the membranous joint. (B) Ventral view of the
first labial segment. (C) Lateral view of the first la-
bial segment. (D) Enlarged view of outlined box of
(C), showing the sensilla basiconica subtype I. (E)
Sensilla chaetica subtype III and deformed sensillum
basiconica subtype I with linear and rounded nicks.
(F) Sensillum basiconica subtype I. (G) Bifurcated
sensillum basiconica subtype I. (H) Sensillum chae-
tica subtype III. Ch1–3, sensilla chaetica subtypes
I–III; BSN1, sensilla basiconica subtype I; BBSN1,
bifurcated sensillum basiconica subtype I. Scale bars:
(A)= 100 μm; (B) and (C)=50 μm; (D)=20 μm;
(E)= 10 μm; (F), (G) and (H)= 2.5 μm.
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the specimens were sputter-coated with gold in a MSP-1S high resolu-
tion sputter coater (Hitachi, Japan). Thereinto, the structure of
mouthparts was analysed in cross-section through the subapical rostral
segment of specimens (Brożek et al., 2006). Observations and micro-
graphs were carried out under an S-3400N scanning electron micro-
scope (Hitachi, Japan) at 15 kV.

Terminology

The terminology of the connecting systems between maxillae and
mandibles and the sensilla on the labial tip follows Brożek et al. (2006)
and Brożek and Bourgoin (2013a). For classification of sensilla, we
follow Schneider (1964) and Zacharuk (1985).

Results

Gross morphology of the mouthparts

This study show that the mouthpart morphology of these two derbid
species are generally similar to that of other planthoppers and display a
number of traits derived within the Fulgoromorpha. Both have the ty-
pical piercing-sucking type, arising from the posterior part of the head
capsule (Figs. 1B, 2B) and consist of a cone-shaped labrum (Figs. 1A,
2A), a tubular labium subdivided into three different length segments
(Figs. 1C, 2C) and a stylet fascicle (Figs. 1B, 2B). The anterior surface of

the labium was bisected by a longitudinal labial groove (Figs. 1A, 2A)
which encircles the stylet fascicle which consists of two inner maxillary
stylets incompletely surrounded by two relatively shorter mandibular
stylets. Various types of sensilla are distributed on the mouthparts
(Figs. 3–9) (Table 2). The primary mouthpart structures of D. politus and
P. moesta are similar, and some specific structural details are different
(Table 1).

Labrum

The conical labrum is attached along the posterior margin to the
anteclypeus. The labrum overlaps part of the labial groove of the
second labial segment, around one third of the labial groove in D.
politus (Fig. 5A), but approximately half in P. moesta (Fig. 6A). The
most anterior surface of the labrum is plicate but the distal section
is smooth (Figs. 5E, F, 6E, F). Two flat lateral portions are smooth
and normally lay concealed inside the labial groove (Figs. 5D, 6D).
The labrum is relatively straight and gradually tapers to the tip
(Figs. 5E, 6E).

Labium

The labium is modified as a rostrum and contains three segments
(Figs. 1C, 2C). The anterior surface of the labium is bisected by a labial
groove which extends the entire length (Figs. 1A, 2A). Sensilla are

Fig. 5. SEM of the labrum and the second segment of
labium of D. politus. (A) Anterior view of the second
segment. (B) Lateral view of the second segment. (C)
Ventral view of the second segment. (D) Anterior
view of labrum which is concealed by the labial
groove. (E) Anterior view of labrum. (F) Lateral view
of labrum. (G) Sensillum chaetica subtype I and
sensillum chaetica subtype II. (H) Enlarged view of
junction of the second and the third segment. (I)
Enlarged view of the transverse ridge on both sides
of labium groove. Ch1–2, sensilla chaetica subtypes
I–II; BSN2, sensilla basiconica subtype II; Lg, labial
groove; Lm, labrum. Scale bars: (A)= 200 μm; (B)
and (C)= 150 μm; (D) and (E)= 50 μm; (F) and
(G)= 20 μm; (H)=15 μm; (I)= 2.5 μm.
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widely distributed on each side of the labial groove and on the dorsal
surfaces; relatively fewer are present on the lateral surfaces (Figs. 3–8).
The tip of the third labial segment is flattened with an opening from
which the apices of the stylets protrude (Figs. 7C, 8B, C).

The first labial segment is concealed by the overlapping anteclypeus
(Figs. 1B, 2B). The lateral and posterior surfaces are smooth, ten sensilla
basiconica subtype I (BSN1) and some papillae are present on the basal
one-third of the lateral margins in D. politus (Fig. 3A–D). The lateral
surface has numerous nicks and ten BSN1 are present on the lateral
margins in P. moesta (Fig. 4A–E). The BSN1 are short, straight, with
blunt tips and longitudinal grooves, projecting out from an obviously
convex round base, and are almost perpendicular to the surface
(Figs. 3E, F, 4F, G). Three subtypes of sensilla chaetica (Ch1, Ch2 and
Ch3) are present on the lateral and posterior surface; relatively more
are present on the distal section of the first labial segment (Figs. 3A–C,
4A–C). Sensilla chaetica subtype I (Ch1) are slender, frequently curved

with pointed tips, and insert into flexible sockets; their surface has
longitudinal grooves (Figs. 3G, 6J). Sensilla chaetica subtype II (Ch2)
and sensilla chaetica subtype III (Ch3) resemble Ch1 in their mor-
phology but they are relatively shorter and straighter. Ch3 are the
shortest ones (Figs. 3H, 4H, 5G, 6I). The membranous joint between the
first and second labial segments is excessively constricted and possesses
longitudinal wrinkles (Figs. 3A, 4A).

The second labial segment is the longest of the three segments
(Figs. 1C, 2C). The distal margin of posterior surface is elongate and
obviously covers the basal part of the third segment (Figs. 1C, 2C).
The distal margin of the anterior surface on the each side of the
labial groove is folded and extends to form a triangle, with one
thick Ch2 (~47 μm) in D. politus (Fig. 5A, H). This triangle is not
apparent in P. moesta (Fig. 6G). On the anterior surface of this
segment, a line of transverse ridges approaches the two sides of the
labial groove present on the basal half part of this segment in D.

Fig. 6. SEM of the labrum and the second segment of
labium of P. moesta. (A) Anterior view of the second
segment. (B) Ventral view of the second segment. (C)
Lateral view of the second segment. (D) Anterior
view of the labrum which conceals by the labial
groove. (E) Anterior view of labrum. (F) Anterior
view of basal portion of the second segment and the
distal portion of the labrum. (G) Anterior view of the
basal portion of the second segment. (H) Ventral
view of distal portion of the second segment. (I)
Sensillum chaetica subtype II on both sides of labium
groove. (J) Sensillum chaetica subtype I. Ch1–2,
sensilla chaetica subtypes I–II; BSN2, sensilla basi-
conica subtype II; Lg, labial groove; Lm, labrum.
Scale bars: (A), (B) and (C)= 150 μm; (D), (F), (G)
and (H)= 50 μm; (E) and (J)= 100 μm; (I)= 5 μm.
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politus (Fig. 5A, D, E); but this line of ridges is approximately one
fourth of the labial groove in P. moesta (Fig. 6D–F). A large number
of Ch1 and Ch2 are symmetrically located on each side of the labial
groove (Figs. 5A, D, 6A, F, G). A small number of Ch1 and Ch2 are
present in the area of the lateral and posterior surfaces of the seg-
ment (Figs. 5B, C, G, 6B, C, H).

The third labial segment is shortest (Figs. 1C, 2C). The dis-
tribution of sensilla on the third segment resembles the second
segment; a small number of Ch3 are sporadically located on this
segment (Figs. 7A–D, 8A–D, 8H). Ch1 are mainly present on the
anterior and lateral surfaces (Figs. 7H, 8G). Ch2 are largely dis-
tributed on the distal margin of this segment (Figs. 7B–D, G, H, 8B,
C, G). At the junction with the second segment, there are two pairs
of sensilla basiconica subtype II (BSN2) located on both sides of the
labial groove (Figs. 5A, C, D, 6A, D). The BSN2 resemble but are
thicker than BSN1 (Figs. 5E, 6E). On each lateral surface of the third
segment, close to the labial tip, an elevated cone-like sensillum
(ECS) is found in P. moesta (Fig. 8F), but the one in D. politus is

bifurcate (BECS) (Fig. 7F). The ECS is cone-shaped with a rounded
tip; the cuticle wall is uneven. The BECS is more slender than the
ECS, bifurcate and possesses two pores at its base, has a rough cu-
ticular wall and is covered with tiny pores.

The labial tip possesses two dorsal sensory fields symmetrically
situated on each side of the stylet groove; ventral sensory fields are
located behind the stylet groove (Fig. 9A, B). The sensillar types of
the labial tip are similar between the two species, but the sensillar
distributions are slightly different (Fig. 10A, B). Each dorsal sensory
field is subdivided into two flat sensory fields (field A and field B);
four sensilla basiconica subtype III (BSN3, Nos. 1–4, 5.1–7.8 μm)
are on fields A (Fig. 9F–H), field B contains one multiporous dome-
shaped sensillum (DSSM, No. 5) with five uniporous clavate-like
sensilla (CLSU, Nos. 6–10) with the No. 9 sensillum being the big-
gest (Fig. 9C, D, I). The sensilla (Nos. 6–10) are grouped together
and the No. 5 sensillum is far from these groups in P. moesta
(Figs. 9B, 10B), but the No. 5 sensillum is in the centre of these
groups in D. politus (Figs. 9A, 10A). Two short BSN3 (Nos. 11–12,

Fig. 7. SEM of the third segment of labium of D. politus. (A) Anterior view. (B) Ventral view. (C) Right lateral view. (D) Left lateral view. (E) Sensilla basiconica
subtype II at base of the third segment. (F) Bifurcate elevated cone-like sensillum. (G) Enlarged view of sensilla chaetica subtype II and sensillum chaetica subtype III.
(H) Enlarged view of sensilla chaetica subtype I and sensilla chaetica subtype II. Ch1–3, sensilla chaetica subtypes I–III; BSN2, sensilla basiconica subtype II; BECS,
bifurcate elevated cone-like sensillum; Lg, labial groove; Sf, stylet fascicle. Scale bars: (A), (B), (C) and (D)= 50 μm; (E) and (F)= 2.5 μm; (G)=10 μm; (H)=5 μm.
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3.0–4.7 μm) are found in each ventral sensory field; the two sensilla
are distant from the opening in D. politus (Figs. 9A, 10A). Two BSN3
are in close contact with the opening of the stylets from which they
protrude from the labium, and the location of the No. 11 and 12
sensilla are horizontal in P. moesta (Figs. 9B, 10B). The multiporous
dome-shaped sensillum (DSSM) sinks into an inflexible socket
(Fig. 9I). Uniporous clavate-like sensilla (CLSU) are slender and
their length varies considerably (5–9 μm); they are slightly curved
with blunt top (Fig. 9C, D).

Stylet fascicle

The needle-like stylet fascicle (Fig. 11D) contains two mandibular
and two maxillary stylets wrapped in the labium and protruding from
the labial tip (Figs. 11C, 12A, F). The diameter of the stylet fascicle is
approximately 16.3 μm in D. politus (~16.0 μm in P. moesta) (Figs. 11A,
B, 12E), and the average length of the mandibular and maxillary stylets
is about 781 and 793 μm respectively in D. politus (about 832 and
888 μm in P. moesta).

The mandibular stylets are approximately semicircular in cross-
section respectively in P. moesta and D. politus (Figs. 11A, B, 12E), lo-
cated on each outer side of the maxillary stylets. The mandibular stylets
envelop two curved maxillary stylets which are held together tightly.
The inner surfaces of the mandibular stylets are smooth (Figs. 11I, 12G,
I), making it convenient for free movement of these maxillary stylets to
probe plant tissues. The convex ventral surface of the mandibular

stylets contains some unapparent protuberances which are located at
the extreme tip of the stylet (Figs. 11H, 12G, H). The cross-section of
this stylet fascicle shows that each mandibular stylet has a dendritic
canal (Figs. 11B, 12E) which runs throughout the stylet centrally in
each stylet.

In contrast to the mandibles, the maxillary stylets are asymme-
trical and complex (Figs. 11A, B, 12E). The external surface of the
maxillary stylets is smooth (Figs. 11E, F, 12C). The two maxillary
stylets are held together by internal longitudinal grooves and their
interlocking mechanism along their length; this is approximately
oblong-shaped in cross-section in D. politus and P. moesta (Figs. 11A,
B, 12B, D, E). The apical parts of the maxillary stylets are blunt and
incurved, having more incision in P. moesta (the tips of the max-
illary stylets are more pointed in D. politus) (Figs. 11E–F, 12B–D).
The two internal longitudinal grooves interlock with each other
forming a food canal used to suck plant juice, and a salivary canal
that directs saliva to the plant. The hollow food canal is approxi-
mately oval in cross-section and located in the center due to the
symmetrically concave inner walls of the two stylets. The salivary
canal is located laterally on the inner side as the stylets interlock
and is approximately circular (Figs. 11A, B, F, 12E, D). The dia-
meter of the food canal and salivary canal is about 2.87× 2.17 μm
and 1.48× 1.72 μm in P. moesta these numerical values for D. po-
litus are 2.50× 2.11 μm and 1.15× 1.22 μm respectively. The food
and salivary canals extend proximal to the stylet tip. Within each
maxillary stylet there are two circular dendritic canals, one is

Fig. 8. SEM of the third segment of labium of P.
moesta. (A) Anterior view. (B) Ventral view. (C)
Right lateral view. (D) Left lateral view. (E)
Sensillum basiconica subtype II at base of the third
segment. (F) Elevated cone-like sensillum. (G)
Sensillum chaetica subtype II. (H) Sensillum chaetica
subtype III. Ch1–3, sensilla chaetica subtypes I–III;
BSN2, sensilla basiconica subtype II; ECS, elevated
cone-like sensillum; Lg, labial groove; Sf, stylet fas-
cicle. Scale bars: (A), (B), (C) and (D)=50 μm;
(E)= 2.5 μm; (F)= 2.5 μm; (G)=5 μm.
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Fig. 9. Distribution of various sensilla on labial tip of
derbids. (A) SEM views of labial tip of D. politus. (B)
SEM views of labial tip of P. moesta. (C) View of five
uniporous clavate sensilla on the field B of the dorsal
sensory field. (D) Uniporous clavate sensilla on the
field B of the dorsal sensory field and two sensilla
basiconica subtypes III on the ventral sensory field.
(E) Two sensilla basiconica subtypes III on the ven-
tral sensory field. (F), (G) and (H) View of sensilla
basiconica subtypes III on the field A of the dorsal
sensory field. (I) View of the multiporous dome-
shaped sensillum and one broken uniporous clavate
sensillum on the field B of the dorsal sensory field.
Nos. 1–4, sensilla basiconica subtype III on the field
A of the dorsal sensory field; No. 5, multiporous
dome-shaped sensillum on the field B of the dorsal
sensory field; Nos. 6–10, uniporous clavate-like sen-
silla on the field B of the dorsal sensory field; Nos.
11–12, sensilla basiconica subtype III on the ventral
sensory field; BSN3, sensilla basiconica subtype III;
CLSU, uniporous clavate-like sensillum. Scale bars:
(A) and (B)= 25 μm; (C), (D), (E) and (G)= 2.5 μm;
(F)= 1 μm; (H)=1.5 μm; (I)= 0.5 μm.

Table 1
The morphometric data of mouthparts of Diostrombus politus and Proutista moesta.

Diostrombus politus Proutista moesta

Length (μm) Width (μm) N Length (μm) Width (μm) N

Labrum 234.4 ± 17.29 49.42 ± 2.42 4 369.96 ± 19.56 54.36 ± 3.79 4
Labium 1155.82 ± 73.15 175.61 ± 3.39 4 1201.37 ± 76.83 176.67 ± 3.97 4
Lb-1 387.20 ± 14.54 165.77 ± 2.33 4 364.11 ± 27.33 160.14 ± 21.93 4
Lb-2 698.21 ± 49.62 171.41 ± 17.07 6 686.05 ± 41.30 157.75 ± 7.47 5
Lb-3 149.91 ± 24.40 160.78 ± 11.37 6 151.21 ± 8.19 178.34 ± 9.77 6

Data are means ± SE values acquired from scanning electron microscopy. N= sample number; Lb1–3, three segments of labium.
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Table 2
Distribution and morphometric data of various sensilla in mouthparts of Diostrombus politus and Proutista moesta.

Sensilla type Diostrombus politus Proutista moesta

Distribution Length (μm) Basal diameter (μm) N Distribution Length (μm) Basal diameter (μm) N

BSN1 Lb-1 17.61 ± 3.33 1.65 ± 0.45 10 Lb-1 18.11 ± 0.81 1.91 ± 0.19 10
BSN2 Lb-3 19.69 ± 7.62 2.56 ± 0.22 6 Lb-3 17.17 ± 4.40 2.37 ± 0.10 6
BSN3 SF-D-A, SF-V 4.33 ± 1.17 1.25 ± 0.32 5 SF-D-A, SF-V 5.60 ± 1.21 1.56 ± 0.20 16
Ch1 Lb 78.69 ± 11.02 2.49 ± 0.55 10 Lb 63.10 ± 11.71 1.93 ± 0.17 11
Ch2 Lb 30.83 ± 7.87 2.25 ± 0.23 18 Lb 33.51 ± 5.74 1.73 ± 0.25 11
Ch3 Lb-1, Lb-3 10.29 ± 2.17 1.83 ± 0.46 10 Lb-1, Lb-3 16.22 ± 3.33 1.30 ± 0.21 14
SALS Lb-3 (BECS) 6.64 2.50 2 Lb-3 (ECS) 4.50 ± 0.43 3.02 ± 0.53 3
CLSU SF-D-B 6.67 1.12 2 SF-D-B 6.18 ± 1.76 1.27 ± 0.62 15
DSSM SF-D-B 0.97 2 SF-D-B 1.88 2

Data are means ± SE values obtained from scanning electron microscopy. N= sample number; BSN1–3, sensilla basiconica subtypes I–III; Ch1–3, sensilla chaetica
subtypes I–III; SALS, subapical labial sensillum; BECS, bifurcate elevated cone-like sensillum; ECS, elevated cone-like sensillum; CLSU, uniporous clavate-like sen-
sillum; DSSM, multiporous dome-shaped sensillum; Lb1–3, three segments of labium; SF-D-A, flat field A of dorsal sensory field on the labial tip; SF-D-B, flat field B of
dorsal sensory field on the labial tip; SF-V, ventral sensory field on the labial tip.

Table 3
Main features of mouthparts of derbids (Derbidae).

Species name Subapical
labial
sensillum

Stylet fascicle Apical labial sensilla References

Shape of the
mandibular
stylet in cross-
section

Shape of the
interlocking
maxillary stylets
in cross-section

SF-D-A (one side) SF-D-B (one side) SF-V (one side)

Sensilla type The number
of sensilla

Sensilla type The number
of sensilla

Sensilla type The number
of sensilla

Diostrombus
politus

Cone-like Semicircular Oblong-shaped BSN 4 CLSU 5 BSN 2 This study
DSSM 1

Diostrombus
gangumis

Unreported Comma-shaped Oval-shaped Unreported Unreported Unreported Unreported Unreported Unreported Brożek et al.,
2006
Brożek and
Bourgoin,
2013b

Proutista
moesta

Bifurcate
cone-like

Semicircular Oblong-shaped BSN 4 CLSU 5 BSN 2 This study
DSSM 1

Proutista
fritillaris

Unreported Unreported Unreported PGSU 4 PGSU 6 BSN 1 Brożek and
Bourgoin,
2013a

PPSU 1

BSN, sensillum basiconica; CLSU, uniporous clavate-like sensillum; DSSM, multiporous dome-shaped sensillum; PGSU, uniporous peg sensillum; PPSU, peg-in-pit
uniporous sensillum; SF-D-A, flat field A of dorsal sensory field on the labial tip; SF-D-B, flat field B of dorsal sensory field on the labial tip; SF-V, ventral sensory field
on the labial tip.

Fig. 10. Scheme of the labial tip and the distribution
of the different apical sensilla of derbids. (A) View of
labial tip of D. politus. (B) View of labial tip of P.
moesta. Lg, labial groove; Nos. 1–4, sensilla basico-
nica subtype III on the field A of the dorsal sensory
field; No. 5, multiporous dome-shaped sensillum on
the field B of the dorsal sensory field; Nos. 6–10,
uniporous clavate-like sensilla on the field B of the
dorsal sensory field; Nos. 11–12, sensilla basiconica
subtype III on the ventral sensory field. SF-D, dorsal
sensory field; SF-D-A; field A of the dorsal sensory
field; SF-D-B, field B of the dorsal sensory field; SF-V,
ventral sensory field.
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approximately elliptical and the other is irregular, smaller than the
dendritic canal of mandibular stylet (Fig. 7E).

Discussion

This study found Diostrombus politus (Fig. 11A, B) and Proutista
moesta (Fig. 12E) have semicircular transverse sections of mandibular
stylets, rather than being comma-shaped as in D. gangumis (Brożek
et al., 2006, Figs. 8, 19; Brożek and Bourgoin, 2013b, Figs. 7o, 9e). In
addition, D. politus and P. moesta have an oblong-shaped cross-section of
interlocking maxillary stylets, differing from the oval-shaped cross-
section in D. gangumis (Table 3).

The paired subapical labial sensilla was first mentioned in del-
phacids by Sōgawa (1977) and have subsequently been found in
most fulgoromorphans (Liang, 2005; Brożek and Bourgoin, 2013a;
Hao et al., 2016; Meng and Qin, 2017). This shows more or less
diversity across families in Fulgoroidea. In addition, in the Del-
phacidae, Nilapavarta lugens (Stål) has the sensillum possessing two
major branches with 8–l0 lobes (Sōgawa, 1981; Foster et al., 1983b,
Fig. 1a; Backus, 1985, Fig. 7.5 (b)); in Sogatella furcifera (Horváth),
it only has 8–10 lobes (Dai et al., 2014, Fig. 5B, C). This study found

P. moesta has an elevated cone-like subapical labial sensillum
(Fig. 8F); but in D. politus, it is bifurcate (Fig. 7F). Hence, we pro-
pose that the subapical labial sensilla are likely different among
genera in the family Derbidae.

Brożek and Bourgoin (2013a) divided Fulgoromorpha into two
main groups based on the total number of sensilla at the tip of the
labium. Derbidae was usually assigned to the first group (including
Achilidae, Cixiidae, Delphacidae, Derbidae, Dictyopharidae, Is-
sidae, Kinnaridae, Meenoplidae, Nogodinidae, Ricaniidae, Tettigo-
metridae and Tropiduchidae which bear 24–38 sensilla) at the base
of the phylogeny. Derbidae was further assigned to the cixiid pat-
tern (including Achilidae, Cixiidae, Delphacidae, Derbidae, Dic-
tyopharidae, Kinnaridae, Meenoplidae and Tettigometridae) based
on the distribution of the apical labial sensilla (Brożek and
Bourgoin, 2013a). This study found the total number (N=24) of
apical labial sensilla in these three derbid species is stable. In ad-
dition, two species in this study all have elevated cone-like sub-
apical labial sensilla (Fig. 7F, 8F), Brożek and Bourgoin (2013a)
thought the cone-shaped or tubular subapical labial sensilla re-
present the plesiomorphic state in planthoppers. Thus, we think
Derbidae might represent primitive group in Fulgoroidea.

Fig. 11. SEM of the stylets of D. politus. (A) and (B)
Cross-section of stylet fascicle showing mandibular
stylets and maxillary stylets, the interlocking be-
tween the maxillary stylets, food canal, salivary
canal, two dendritic canals in each maxillary stylet
(white triangle) and one dendritic canal in each
mandibular stylet (white star). (C) and (D) Whole
stylet fascicle. (E) and (F) Apices of maxillary stylets
showing the food canal, salivary canal and inter-
locking canal (white long triangle). (G) External
surface of mandibular stylet. (H) Lateral view of the
apex of mandibular stylet. (I) Smooth inner surface
of mandibular stylet. Fc, food canal; LMd, left man-
dibular stylet; LMx, left maxillary stylet; Md, man-
dibular stylet(s); Mx, maxillary stylet(s); RMd, right
mandibular stylet; RMx, right maxillary stylet; Sc,
salivary canal; Sf, stylet fascicle. Scale bars: (A), (B),
(E), (F), (H) and (I)= 5 μm; (C)= 200 μm;
(D)= 150 μm; (G)=15 μm.
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