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Anatomical observation of the mouthpart of Cyllorhynchites ursulus

and comparison with other species
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Abstract: Cyllorhynchites ursulus drills holes in acorn and cuts branches with man-
dibles. To understand this special behavior, we observed the mouthpart of this species
using several microscope methods. The stereoscopic microscope used in this study
shows that the adductor tendon is thicker than the abductor tendon which confirms that

mandibles exert more force pulling inwards than pushing outwards. Also, the shape and
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position differences were observed using an optical microscope. We found differences
of the shape, position, and movement of mandibles among C. ursulus, Curculio sikki-
mensis and Paracycnotrachelus longiceps by way of observation using SEM. The width
of the adductor tendon and the abductor tendon of males of the C. ursulus species

was 32.87 um, and 53.83 um, respectively. And, the width of females was 40.81 ym and
75.55 um, respectively. Based on a variety of observations and analyses, we found that
the unusual behavior of C. ursulus is deeply related to the morphological features, and
these features could be applied to biomimicry.

Keywords: anatomy, biomimicry, mouthpart, oak weevil

N B

T EANEE (Cyllorhynchites ursulus)+ =73 &=
(Coleoptera) F=o|AYHd 7} (Rhynchltldae) o] =0
2 FF 13} (Fagales) & 7154 &2 8tal QAT (Park and
Park 2014). 432 EEZ| &S F=H, F60|2 EE

2] 9] ZH=ot Fajof] 7-& FIL AFFRITH(Lee 1997; Mun
2011). ARt & ZHR9] QFE WS Fo] U FHes
Ha WL 7S et g o s oAt (Byeon 1991;
Noh 1999).

EEEAUAS A AR ATAE Holt
1] (Curculio sikkimensis)= =73 @&l (Coleoptera) HF
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]2} (Curculionidae) & L5202 5‘]"/]'—‘?—13'—]'E 7|FAER
Sl RS k) 23R 8 E7MIUR el 1
SHE Y| UTH(Kang et al. 1975; Korea Forest Research
Institute 2003; Kim et al. 2008). 824 10€ Afolof 5
& Hpo) S 7S FiL Ahdst i Lol A 20~25Y
TAST i THIAM 253 & EFe= 4
o 194 3 Atolo]l FZF o= 238ttt (Kim and Kim
1984).

ALY = 19401 Flo] FRFO] AAH
£ Adota ¢ Bgo= ot 9k thE § Lo &
& =T} (Park 2004). BZ0]= ¢70] 7~8 mm, AL
9~12mm©°| 1L, W] e] 7|HE7}F AA Folut 9lo] Fo] 7

719] ot AL ety B9}, 9o AFT EZAY

Weo} g ol A0 P B BES AT I
AP AT 280 AP0 AL W] Yo
Sel0) Ge Aol 2 lwsh] 918 Foz AFsket
e chg AT B cheret 7] JehE A
T glom H7), @1, 8%, 27, AHA B, oluiAl

teFotAl 2T 4 o (Gullan and Cranston 2005).
= 1= F 0]t (Scarabaeidae) SOllA EH O™
] (mandible)= 7FA] 2L QIAIRE & (glossae) & ©]-8-f L+
o] follolut &= T AFRt E55te 1= HEA L
& UH|E (Lepidoptera) 9] 450l 3lom & &2 AAA
o] wo| & o=t FAt2] 5 (Odonata) o] FZollA=
ofgiflE2 A=A Wol #A7to| HolE Fi= FH
715 & & Atk BYA F5ste e
= A3} (Pentatomidae) O] 4 2 HEdstg om Folt 1t
A2 5590 HoiE A9 sz 2R Fol Woh Al
of et A7 Hol o]Fo1A Itk (Kwon et al. 2011). &
HAGAE o= #7719 FEHl= 2] J}(Cuhadae) L= %
O] FALZANA & 4= Y=t Eoluh B R AR

Alatolu A 27 5= deA Heth 123 H= %‘EH
o] 171+ HAHH T (Caraboidae) 7 HEZA 0| W= 7]

rlu mok ot

FHoZ

(o}

i
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2 w 5748 olgte] o12] 4elol] FEHIL YUk (Bae
et al. 2019). S5 2] 7] 182, hubyu) 123 47191

%—ita% olgsl Aus AT U A4 AFL Tk
3] EEAEAE ATE FAT YRS G s
= 939 BB hEobAlel Ba Aol olela o
R AU 28 SRS ol ki gl B AT A
S gEsol A et A LT shtaA A2
o] SEG 54 Fo} 4ol g5 722 W17 9
ste] 350] TFE0 2¢ FHie 1 7% BAsIA
g

= 9

1. EE2|7 a2 fAS 2 *7

TEANEY AHYL 297H(2016~20179) H=2 0
2 QAsgon, 4508 $asHs 7~9 ol st
1—4- iHX] l:ﬂ—l:ﬂ.g O]—i]_ﬂ. =o _9__’5:’)‘_01] ]Z/ﬂ‘jo] Z]-L}-‘:’/\
(Quercus) %-/] EEEV]' g HE—% 2ZHZ o8

of ‘§°1~a EEaE ZH@O}Oq A HollA FotiA
o5l Alm= ARE-SHATE. FARS )] MR (Curculio
HhRo] dpAojut Qg ZFY-E o]-85)
olA ot ow, FAANHE (Paracycnotrachelus longiceps)
SR (Castanea crenata) Lol GOt AU 93-S W
Ae #ero g ghlskal A5kt (Fig. 1).

sikkimensis )=

e rr

2, AH¥o)E e

TEALEH = wAd7] dole} vt doje] 7]
Tl 7HReH (Byeon 1991; No 1999; Moon 2011;
Kim et al. 2017), 5~5°] £l $Ixg 2E2 o8] T E
2o 1Y 1 7}115 A2 P52 bt FHo| &
Zlol = Y5 dotr 7| SJof FE FFo] 11 T
£ giste] AAdn g oz P 9 =4S 5h9) ot

H WS lol FAFSQ] Brabaleh A of thofA]
T o AE%L‘% st A E Al ZE 100% EtOHO] 2o
Flom, BtOH2 wA9] AsHe doA SAof ojzf:o]



Anatomical observation and comparison of mouthpart of Cyllorhynchites ursulus

Fig. 1. Species used in this study. (A) Cyllorhynchites ursulus, (B) Curculio sikkimensis, (C) Paracycnotrachelus longiceps. Scale bars =5 mm.

de] soece] 24 1023t 3 Nl
EEANEY S FEolE 2t HeRES &
TS olgdl Z|HA = o]FofA = AuE |
ZHollA FE7HA d4" A Zesto] &
StAch AR 2 42 20741 E o8
=75k, 19 dol7t oF smmil WHZF LA SHA]
oot e Ao HeHrolA of sooum BolXl 3= A=
7l o2 AAskAt 42 W (MDT; male adductor
tendon), 5% €] 71 (MBT; male abductor tendon), &7
W7 (FDT; female adductor tendon), 47 21371 (FBT;
female abductor tendon) 22 o] Sty ¥ 9
=42 AA @Y7 (Leica M205C, Leica Microsystems,
Germany) Y} Image] software (Image Processing and Analysis

in Java by http://imagej.nih.gov/ij/ )& ©]-85t AT

dJ

3, yshoin| A [At

o [ —]

EEalAgEde] F5olsh £ TS mots
) 4ol WU AR AL Bern Aoz Bag
AAISHITE AH-E A2F6E7] 916l Glutaraldehyde s ©1-&
QF 11742, EtOH-= ©]-8)t &<2HS], Prophylene oxide
S o83 MY 19T AEAUL AH tholoEs
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Fig. 3. Inside of mouthpart (A) Cyllorhynchites ursulus mandible and tendon (dorsal view). (B) Curculio sikkimensis mandible and tendon (left
lateral view) a: mandible, b: ball-socket, ¢: connection mandible and tendon, d: abductor tendon, e: adductor tendon. Scale bars =2.5mm (A)

and 1.25mm (B).

4, FAYAIEFEAE X3 0] (Field Emission
Scanning Electron Microscope; FE-SEM) 24t

A T A 352 100% EtOHOﬂ Hito] Ho] 9
o] FE-SEM 5742 {15l AHAE 4% 34T 5
ol A3 oF 1087+ 221} A 2j5to] uDﬂOﬂ B
e 7\1]710}":‘1:} 1% 9HHs| AZAF|L T 7;}%34‘_}
HE FF T StubOll Paste = Carbon tapes

A ZAT v W52 o]-gsto] st ol 25 /\]71
o _

¥ 9] OJEH S 5% (dorsal), B1% (ventral) 2] kol 4]
st o TEYAEH L} FALHEH = 100~120
Hlj, 2ree] = 250~300H Siiste] st

J

71 2070712 LA 2070410 WAA 9 QS AA
dn7 ol-gsto] 2z A5k, AlE wlolEof tigt
Z1EFAF (WA 9 8789 g, 24wk, B
I FFHAN)E AL, Boxplot o= EASFGH O H,
WA o] A Wl HIWE I5HA] Paired t-testE
g5kt 919] & 37172 PAST (PAleontological STat-
istics version 3.14, Hammer 2001)E AH8-5t0] =34 &t
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Anatomical observation and comparison of mouthpart of Cyllorhynchites ursulus

Table 1. Comparison between adductor tendon and abductor tendon of Cyllorhynchites ursulus

Adductor tendon Abductor tendon
Sex p-value
Max Min Mean+SD' (um) Max Min Mean=£SD (um)
Male (n=20) 42.39 25.13 32.87+£4.85 66.98 40.51 53.83+£733 <0.001
Female (n=20) 55.77 25.42 40.81+9.59 9702 54.97 75.55+11.64 <0.001
'Standard Deviation
o7 & F7] "ol olfiF 9] o] v FaA I
AR &4 ek 9 T
Table 1-> ¥4~ ZH2He] 3} 91719 YH|E H|
80 4
VA% Aatorh, A WA HHF2 42.39 um, 23
79] Fhzhe 66.98ym= SAT Aol7k glovf Azt 70

A 25.13 um¥ 40.51 ym= T 2po| 5 B AT ESF Hot
2 WA 32.87 um, 137 53.83 um =2 2| 2folE K
o (p<0.001) HAHET JA719] HH|7}F Yok A&
Ig = ek G 0] Hem AT @Al A gk
o] Z}7} 55.77 ym, 97.02 ym = 2o]7F FEH A e
o Hot GA WA 40.81 um, 1A 75.55 um= F-2| T
2ol & H ek (p<0.001).
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Fig. 4. Box plot of Cyllorhynchites ursulus tendon (MDT: male
adductor tendon, MBT: male abductor tendon, FDT: female ad-
ductor tendon, FBT: female abductor tendon).
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Fig. 5. Cross section of Cyllorhynchites ursulus mouthpart (a: abductor tendon, b: adductor tendon). Scale bars =100 pm (A-E), 200 um (F)

and 400 pm (G, H).

2.5 mm

Fig. 6. Muscle located at the proximal end of the tendon (a: muscle, b: adductor tendon, c: abductor tendon, d: mandible). Scale bar=

2.5mm.

iy
lo rlo

U om
fr o o ook

Aol & 255 gel T 2ol 4o
08 25& o B5F Frelt 289 &
o A W Bk Aol F5L ok 2
ok 7174189 YR F4 ] BEd o) 7
BEL B ol 29 29 S2gut ot

]

N
i

lo 4
lO —D]l

o)

o o U
RO
o &iH ol

348 ©2019. Korean Society of Environmental Biology.



Anatomical observation and comparison of mouthpart of Cyllorhynchites ursulus

5.0kV 7.9mm x300 SE(M

5.0kV 8. 1mm x110 SE(M) /2 500um 5.0kV 7.9mm x250 SE(M 6 m 5.0kV 8.8mm x100 SE(M) 8/24/2016 500um

Fig. 7. SEM images of mouthpart. (A) Cyllorhynchites ursulus dorsal view, (B) Curculio sikkimensis dorsal view, (C) Paracycnotrachelus lon-
giceps dorsal view, (D) Cyllorhynchites ursulus ventral view, (E) Curculio sikkimensis ventral view, (F) Paracycnotrachelus longiceps ventral
view. Scale bars =100 um (B), 200 um (E), 400 um (A, C) and 500 um (D, F).

Al M= Fejo] 29 2t & 4= Qlok Z}7} 32.87 ym, 53.83 yum©| 1, A O] Bt T} £
A2tEn|E g o8-8 FAFE Y] 2E FH HlnEA M7 TA= ZH2ZF 40.81 um, 75.55 ym©] ek, WA AT}
< Fof 299 5 I} o] FotA ol Folx= Q) 71e] fofgt T 2ol 2 sl S g ARt
F2 5T F Sk E3F vt AEAE ] 25 2= dlo] o Folths s 458 & qlok Fetdn
olgt FH o] theket P2 HseS & 4 AUk < o]-83t T A= FEol HFol YT WAL 9
EEAEH ] FE-2 QR Sl oS o]83) Z719] vn| ztojet 8 HolA= PP o 9x]ohH F
AFFoA HEZ o= Wojiin] Ay, S 9 AAkS of 2 245 g2z 5 ojn igo] 280 = AZ4H
I, FALE ] FE-2 FEo 2 o)zl FH| 2 AARE, O AS I 4= %, W9 91x9F BeFo] ¥
Hhaprnl o] F8-2 Aotz gAlolw g gt 24zt Stol| et TS Pstact AAAnES Fet A7
Fo] FEo= s dy, 18l AR ofe Rk 2 A ejHzdo] Wi ET o Fom o] & Qlal] FE S <t
g o] gjsta] Jefg Fall Aot on, o] ATE HiE Z02 F7] = JHTh HpEE o 2 o= glo] ¢ Att
© g 7]&9] XY EFS AT 5 sle AR A £ A< skt I A v ez, e A
8ot 5 e 7] & 9] 8ol 7|HHH T 2, jhebt), A ) E e o] e o] e} ool 9% 1
2|1 FE O] g2 el thsf Hlw BAISHA, R E A
M Q |7} Holf= EAAQ] P52 Rt/ geHA £
T ArE]o] ole-S BRI 4= AdqlTh
EEYAEH = F8S o]8ste] TEF 1S
B 78 A2 557 P At o|HT A5 A A}
olafist7] f1ol theFet An)dS o]-gste] 4L7]9] st
2 EAE Wt AA A0S o] 83 Aol H AL ZYAHY 2 AT (e e,
SEASE £A] ¥ WHAY e FA= NIE-7|9FA-2017-18) ¢t T 7] Ao =2 =ttt
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