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Type, distribution and quantitative characteristics of sensory organs on the larval
head of Tomicus brevipilosus (Coleoptera: Curculionidae: Scolytinae)
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(Key Laboratory of Forest Disaster Warning and Control in Yunnan Province, College of Biodiversity Conservation and

Utilization, Southwest Forestry University, Kunming 650224, Yunnan, China)

Abstract: [Objective] To provide a scientific basis for further exploration of foraging and moving about
the larval behaviors of Tomicus bravipilosus (Coleoptera: Curculionidae: Scolytinae), we investigated the
morphological adaptation and function of the sensilla on the larval head of this bark beetle. [Method] We
examined and compared the types, distribution, and abundance of sensory organs on the head of the first,
second, and third instar larvae using scanning electron microscopy (SEM). [Result] The head shape of the
larvae was hypognathous. Its head appendages contained a pair of antennae, stemmata, mandible, maxilla,
maxillary palp, labial palp, as well as a single labrum and labium. Totally, there were 15 types of identified

sensilla. The reduced antennae with one segment had five types of antennal sensilla, identified as sensilla
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basiconica type I and sensilla twig basiconica type I —IV. The biting mouthparts were involved in 12
types, including sensilla chaetica type I —V, sensilla trichodea type 1 —II, sensilla basiconica type II,
sensilla digitiformina, and sensilla twig basiconica type II, IV, and V. Sensilla trichodea and sensilla
chaetica having smooth and nonporous surface were widespread and classified as mechanoreceptors. Sensilla
basiconica and sensilla twig basiconica having the surface pores distributed exclusively on the apex of the
antennae, maxillary palp and labial palp, and were classical chemoreceptors. Sensilla digitiformia having
only one unit on the second segment of every maxillary palp were considered as the acoustic sensor for the
mechanical vibrations. With an increase of larval instar, each sensilla types, abundance, and distribution on
the head appendages kept consistent with the different instar larvae. However, sensilla sizes showed
exponential growth compared with the last instar larvae. [Conclusion] This research clarifies the head
structures and sensilla types, distribution, abundance, and instar changes of the sensilla on the larval head of
T. brevipilosus. Chemical sensors are concentrated at the tips of the antennae, mandibular palps, and labial
palps, which is a distribution pattern that aids the larvae in feeding and moving within the bark-cavities. The
study has conducted a detailed exploration of the functions of the chemical sensors, which will provide a
scientific basis for the next step of studying the information perception of 7. brevipilosus larvae within its

galleries. It is expected to take a shred of scientific evidence for further behavioral drivers of chemical

546 4

sensation in the gallery of 7. brevipilosus larvae.

Key words: Tomicus brevipilosus; larval head; sensilla; scanning electron microscopy
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Fig. 1 Front view of the head shape of T. brevipilosus larvae
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Fig. 2 Types and ultramorphology of the sensilla on the antennae of 7. brevipilosus larvae
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Front view of the mandible and labrum Ventral (top) and dorsal (bottom) view of the mandible

Inl. VI ; Mol. BE kT St. B ERS: Sch. JITEEES: T1. Wik, T2. T4 ; T3. #ik; T4, B . T[E. Inl, incisor lobe; Mol, molar lobe; St,

sensilla trichodea; Sch, sensilla chaetica; T1, apical tooth; T2, subapical tooth; T2, medical tooth; T4, molar tooth. The same below.
B3 BEEVN/NEY R ESE EERRES I R T

Fig. 3 Types and distribution of the sensilla on the mandible and labrum of 7. brevipilosus larvae
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Ventral view of the maxillae Dorsal view of the maxillae

Ga. S5 La. NS 207 10 2 RoR T4 Sdi. $8TE /& 8% . T A . Ga, galea; La, lacinia; the number 1 and 2 show the numbered
sugsegment of maxillary palp; Sdi, sensilla digitiformia. The same below.
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Fig. 4 Types and distribution of the sensilla on the maxillae of 7. brevipilosus larvae
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a NS

Ventral view of the labium

b FIETF I
Dorsal view of the labium

K5 JEBUIN/ANEES) R TS AR R S H o A

Fig. 5 Types and distribution of sensilla on the maxillae of 7. brevipilosus larvae
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Front view of the maxillary palp

6 FEBVIAS /NGRS R S TS A A RS A K A
Fig. 6 Types and distribution of the sensilla on the tip of maxillary and labial palp of 7. brevipilosus larvae
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Fig. 7 Ultramorphology of the sensilla on the mouthpart and labial palp of 7. brevipilosus larvae
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B8 BN m] VA A, A& AE — N R B TR I TUIAE Y, LT
T JESF ) e T o AR A 9 0 2, LA e ol ] 9 04
SRk (B 3a. 7)o Sch. IVEIAME 5 Sch. [ A
8L, AELEE g NI, 25 30 A 9 — A I Al 5 S (1) LT A
W, LT RSz AT, BEA 2 AN 4D
Sch. VA5 Bohm [KRE2BAHLL, K/NNIE, FEERALTE
T—AREMMFE N, EESAMLE T 95 k5w
FeLb . F IS AT IS TR DL R 5 Sk 5E A8 FAL (] 5by
7, RILH AT A L, T A B R RS
WEZHIGEE D,

5 JE 4% (sensilla digitiformia, Sdi) AL —HR T
TR e, N RATE— DA TR P 5 SRS 2R o
ToAL, (A AL A R IUIREG, MFE b — TR B
(B 7> Sdi 32504 T F AU — 5 1 AT, 45
DT RIS A i, HAb A B AR K, H



70 1t

oMok R

22

2

546 4

A K LTS N EaE N EAUE KR
AHEE, MR E =T E A 1(E] 4, 6a),

R A HE T J& 2% V Y (sensilla twig basiconica 5,
Stb. VOS5 Stb. [T B N A EL, B Stb. V 2 i &7
BAH 6~ 7 AGnvaks, Himkd e ir g — M HER
ARV CE 7). Stb. VA 504 £ T SV T J§ 20
B o &6, 5 St INAE & 4 A, 20 7F B s &
Sb. 118, J& R 52N J&5 20 iy 3505 B 9% HH (1) Sk 2 28 2
(B 6). £ FFLE, B MEFH 64 Stb. VA,
M FEAE—MEEA 3 ANGE D,

A 5 R (cuticular processes, CP) NI EL i i,
KN, JUP-Paliaiak B TR K, BRI fE N 9o
JETH . NS g T A K5 R RS S AL (] 4b,
5.7 MR B A o R T A F BB RRAE, mlR 3L
53 N % Fi IR (scaly processes, Scp). H 2 IR (spiny

*1
Tab. 1

processes, Spp) Al £ IR (palmate processes, Pap)3 i
FKAICE 7). HoHr, Scp 15 ~ 10 2 A g S fl 2
B AT AT HES, Jl 7 ) di 7 R o, 7 BEAE R 50
ZIURN R JE 5 G T (P 4b. Sby 7)5 Spp AN,
Fa 10 & A7 ], EE AT TR ARG AL E
AL CE 5by 75 Pap N 3 ~ 5 AR A 1) 3 il 28 ik
HMEAL M >, BEFL AR AE Scp HIEAMZ, B IETH Y
MG (E 4by T
2.3 BEVIH/NERE L B LA ERIEA LR
M1 Z 3 W, RV /NSRRI R
BEE G K (y = 340.12e"%, R* =0.92), T fil /5 A1 11
WIS ERBAEK Ay = 17.53e"", R =
0.88; [188:y=199.51"%, R*=091 (K 1. T &
JRASARAY, JLAE R4 de Sk i fry A0 1 28 B LR
FrfE o, WA B IR R EE G D, HER

BEVHNERRRBLYBLIMHAFYE. KESEMENLLE

Comparison on the abundance, length, and basal width of the sensilla on the larval head of

different instar of 7. brevipilosus

184 %) 8 1st instar larvae

2144l 1 2nd instar larvae

3440 M 3rd instar larvae

R
Sensilla type BE K E 5 BE K R BE K& EW
Abundance Length/um Basal width/um Abundance Length/um Basal width/um Abundance Length/um Basal width/um
G T A
{,ﬂ?,_ %%.I - 6 26.4+6.6 2.7+0.4 6 28.6+4.4 3.8+0.6 6 46.3+6.7 7.7+1.0
Sensilla trichodea [
ESS IR E ]
£ﬁ/. %ﬁ.Hg: 10 283+42 29+0.3 10 34.1+£9.5 3.6+0.5 10 67.4+8.6 6.4+0.9
Sensilla trichodea 11
BiAR 1
%Jﬁ/. # 1 i 4 89+1.9 22403 4 152+2.4 33+04 4 254+£2.7 6.1+0.4
Sensilla chaetica |
il /Jﬁ!@ pidl}
IJ%.’“%%H% 11+1 8.6+2.4 1.9+0.5 11+1 13.6+3.1 26+04 12+1  26.6+6.6 48+0.6
Sensilla chaetica II
iI7E 7% 1)
*Jﬂ:/ %%HIE': 8 152+29 2.7+£0.3 8 219+28 42+1.0 8 41.7+£2.0 7.7+0.6
Sensilla chaetica 111
I /!ﬁm‘z: i
ﬂiJﬁ;' %%Njf‘ 4 104+1.9 2.7+0.3 4 22.6+43 34+£04 4 54.1+11.9 7.4+0.8
Sensilla chaetica IV
1| ek B 1]
mjﬁ/.‘“%ﬁvi 357+75 3.1+£0.6 1.8+0.4 417+68 54+0.7 32+0.5 412+70 8.9+0.8 53+03
Sensilla chaetica V
A 1)
%Eﬁ/.'“ G I.i . 2 8.1+0.6 8.4+0.8 2 102£0.6 9.7+0.7 2 157+1.6 143+1.2
Sensilla basiconica [
A piv)

%Eﬂ:;.’“ %§H<J‘ . 6 22+0.2 22+0.2 6 35+0.2 2.8+0.2 6 3.8+0.2 3.1+0.1
Sensilla basiconica Il
RAHHET A T A
Sensilla twig basiconica 2 3.5+0.1 1.9+0.3 2 39+0.5 24405 2 54+0.8 3.1+03
1
FRAHHETE IS 11 8
Sensilla twig basiconica 18 20+0.4 12402 18 3.7+04 1.5+0.1 18 45+0.5 2.1+04
1I
A HE T I AS 1112
Sensilla twig basiconica 4 2.8+0.3 1.5+0.3 4 32+05 1.9+0.3 4 54+0.5 26+0.2
I
KA HETE R AR IV A
Sensilla twig basiconica 50«1 0.6+0.1 1.1+0.1 50+ 1 1.1+04 14+04 50«1 1.4+0.1 1.9+0.2
IV
KRAHHETE I V Y
Sensilla twig basiconica 18 22+0.3 1.3+0.1 18 3.8+0.3 1.7+0.1 18 3.7+0.7 1.7£0.2
A%

€ 51 i L
faR s 2 13.5+0.1 1.3+0.1 2 18212  23+04 2 234+£1.0  2.6+0.1

Sensilla digitiformia

VE: T FBUEY NIIE £ Fr#EZ . Note: all values are mean + SD.
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Stb. IVEL A (K2 y = 0.82e, R? = 0.25; %: y = "2,
R*=0.10), #-U% &) (1) 3k 350 2% 45 1 B R0 B8 350 98 FE 1)
S B IRH P K (K R =042 ~ 0.95; JEH# %8 R2 =
0.64 ~ 0.94), HE ARG KB/ H A,
B, 434 NS Sdi, B 5% Bk s A AL 1
KA, HE RN E G =10.26"%, R = 0.959);
LT BIE. ST SA5 Ab i TG FL 3 ) % I 253 A1 B T
JKAS, HIK AR (R =0.84 ~0.93), M+ L
SRR J5 20 i 05 L FL 25 P49 T Jfe AP A A T Uk
a5 KA BN PR (R =0.43 ~0.87).

3 b5t

1B VI /N & 40 B A A AT 5 28 15 Bk
ae, Horp il B RIS T~ 11 AROR HE TR AR
[~IV, D8 LA BRES 1~ BB EE 1T~V,
HETE IR &5 11, 4R A% . R HE RS 1T VATV
BV R R BT R Oy To AL IR i

TE A A AR A HE T B3 O B AL B3, HAE o A
Tl N TS AL . I H, X RS
AN TS AL, A K AR 5 G A B0
H K 2E R Cerambycidae) P22 [ 4 e AHZRAL, T 5
5 5 % R A I 4L 22 B (Tenebrionidae) ™ 25
FH B} (Carabidae)¥, & B R}, 48 4 £ 2O N 45
BRAF (R 2), o HARRLS AL R ER . —
WA, RIS AN TS FE SR A, 5 A B
RMALIECE 507 B 5, 77 LLSEACHE W 1% 18 25
HAMIReREE, B8 456 B2 1. BEER
SRS AN LAGAE 7202520 A, T T L J
AT T YRS P90 B TR AR B R AL R
P08 SRTHT L AL I B TR S o A A 2 R (1 MEL i S
i 629 ity 350 L L ) TR J i LA W i f i R
FTRESA KT VIS N B S dOR B, B AR
(R TC ALY RS, 3550 A 78 Sk e A Bl R FE 28 1 % 21
R 7y BB 2 ~ 5), dnsg A AE B i I T 1

F2 —LCHMHE R AL RSLARRSFHRT
Tab.2 Comparison on the sensilla types of the head of larvae of some studied Coleoptera
4% Mouthpart
Py # it i # SCHRADE
Species Family Instar Antenna i TIEZh HAth Reference
Maxillary palp Labial palp Others
HEYIM/DNE S dR 1~3#% Sb (4), Stb Sb (2), Stb (43~46). o o) b a3ag) St AL
T. brevipilosus Curculionidae  1st=3rd instar  (12~14) Sdi (2) (2), Stb( ) Sch (424) This paper
=2\ i/ S AR K Sb (2), Stb (44), St (16), Sch
Ips typographus Curculionidae  Last instar Sb (4), Stb (14) Sdi (2) Sb (2), Stb (44) (12~17) (19]
A\ /NEE RE} PN Sb (2), Stb (44~45),
1. subelongatus Curculionidae  Last instar Sb (4), Stb (14) Sdi (2) §b (2), Stb (44) $t(16), Sch (12) (9]
BT% \ ,
S AR 3~ 5 Sb (2), Stb (22), REH
ICL;ZZ thz)irrhy nchus Curculionidae ~ 3rd~5th instar 5P (%) St (16) Sdi (2) Sb(2), Stb (18) Not found (18]
K% % dUR 20 Sb (2), Stb (38), KRR
Sitophilus oryzae Curculionidae  2nd instar Sb(2), Stb (14) Sdi (2) $b(2), Stb (22) Not found (21]
R KA RAF AN Sb (2), Stb (22), KRR
Apriona swainsoni ~ Cerambycidae  Unknown Sb (4), Stb (14) Sdi (2) Sb(2), Stb (24) Not found (20]
FASRR A . . .
RAE A Sb (2), Stb (22), KRR
Monochamus Cerambycidae  Unknown Sb (4), Stb (14) Sdi (2) Sb(2), Stb (24) Not found 20l
alternatus
SR ERA ' : .
RA4F 1~ 5% Sb (2), Stb (22), KRR
Anop l,0p hmja Cerambycidae  1st—5th instar Sb (4), Stb (14) Sdi (2) Sb(2), Stb (24) Not found (22]
glabripennis
Teghar o
2 A 1# . Sb (2), Stb (22),
Dastarcus' Bothrideridae  1st instar Sb (4), Stb (2)  Sb (2), Sdi (6) Sdi (9) St (2), Sch (4) [25]
helophoroides
DR 8 <5 1y .
fiff &> f ek kJics . St (6~10),
Melolontha Scarabaeinae  3rd instar Stb (20) Stb (48), 8di (2) Stb (32) Sch (23~25) (26]
melolontha
o P R Kie
T nb{)lmm Tencbrionidae  Last instar Stb (10) Sb (2), Stb (22) Sb (2), Stb (16) St(1) [23]
confusum
S R 1~ 3k Sb (). Sib (2 Sb (0~12),Stb (6~60), S;’N(S%N“O)’ Stb KR .
Carabid species Carabidae Ist=3rd instar (2), Stb (2) Sdi (0~28) (S di (0)’50) Not found (24]

VE: S SRR R0 5 BT NI S BUE . Notes: the sensilla abbreviation are consistent with the previous description. The numbers

in the bracket show the abundance of each sensilla type.
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TEIRER 1T, B\ N BRI b 5z 2 iy 7= A LR
VANITE o I 0 s R e e 1 T S 2 20 Y )
TR R ARV, B\ o al iGN 2% B BT Ak i Ar B AR S
IR 77 A B A A ATUBBR ST A 5 8 B i i 5 A B AR
AU, BT b, TR B VI /N B ST B Ik
AR A TS WA 324k, AT AL B A A, iX
LG R8I R JI AU IS, 0 1 28 5% 25 8 43 B A
ARBIZ A IR AR US04, B LA RS —
FBCETIELDE | W B DU Dy R, T A AR AL B AN R AT
RE 55 A B M D RE A0 A A R0 il 46 R
VIAS /NG o £ B PR HE TR S T ~ TTAROR HE TR Sk 2%
[~ B8 2 SAUNT S 20 b 1 AR A Y s
I, FESL, R, R0 2 AL, MURE XK A6
fd1 &)y B XS A [F] SR B S AL 2R T Cn SR 4
FEER. F EHEDAR REMENEE RA K
HIVRE 77, R A NG R i ) X B JR e ) g U120,
KA HETE s V RAALE R AU T 8 20 1) T, 5%
H, HA BT, B [A B A U B 58 860 1) )
18719200, T AR A T2 SRk 2 TV 2R B B A T LA k2%,
FLR R BA ZNEEFL, BAE L6285 0>, A
F2 Ui W B B AR BRI R A TR T IR AR
FLAMTEACE Wy BAsCHR, A FROAAROE s, {5 5 i3
H BB R R 2 FLRE B A 3 B R A [F]BY,
PR B IR 2R A A 24, Keil PR IE S BB R
W FE 48 T B3 10 A S 4 ) R B L IR bk IS s N &
A RE R BRI, A H IR CO, &
A, AEFRANT 8 S A B 9 S s UK B i P B A S AR 2R
R3S, BENA 5~ 6 1, 5 Zacharuk ZEPTILEL (1)
A 4y PR 25 O e R — B, W AT PR
TR T HR IR ES & — ML = B ik ds . %5 18 5
NER R B AR, S E BV NERZ
Bes 7= O R AESTAT N, B B ARG IR T IR s & — s
B9 AT, nEe5 4 mbuiE W I a2 3)) Bk
BT A RSP, 08, N — P ] R Bl R
R, d5E 4 RIEGT A S A, KA B TEuE iR E
JRAR B E DI

— AN, BEEREIG M, S SR E 2R
AR RB, B BRI A (A ] DL 98 5 2 (1)
JRZ AR E o EX TR B VIR N &R U, Ho i A D
i EEAN R RS, oA LR FIRE YR
HIARAL, B3 A BT R B2 2R A, A& AR IR/
W 8 G I AR R K . IR B B VI
A AR TEER N E A, BRAGE RBONAR E,
R AR 2 T 1 22 R B R HL, TR /et
(EBurytomidae). #: #§ %} (Braconidae). 4= /) # £}
(Pteromalidae) 55 a7 AF M (1) 27 £ P, AP NI 28 25 A

T AR d b, BRSO BOR RS, R

ol Fe A S A AN AR T RS, A A T4l AR TIE N

Hfr 55 AT Oy, BE T2 i 4 IR A S 5 o AR AT T

AT 7BV /DN %) B AR AR IR A $L

I BUE AR R, $5 A IR, A BT

RNBR A &)y R AESTIE 15 SR S AR AT L o

& £ X Wt
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