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Abstract: Tremex fuscicornis (Siricidae), known as the xylophagous horntail, and
Leucospis japonica (Leucospidae), known as the parasitoid wasp, are wood-boring
wasps belonging to the order Hymenoptera. These insects are interesting sources
of biological inspiration for the development of drilling mechanisms. To study the
biomimicry aspects, the morphological characters of the ovipositor of T. fuscicornis and
L. japonica were analyzed using a stereoscopic microscope, a field emission scanning
electron microscope, and an optical microscope. There were many differences in the
ovipositors between the two species, such as shape, length, surface structure, and
arrangement of the teeth. Evenly arranged teeth were developed at the tip of both the
dorsal valve and the ventral valve of the ovipositor of T fuscicornis and looked like
a rotating drill bit. In contrast, in L. japonica, the teeth, which looked like a saw, were
found only on the ventral valve. Moreover, the tip of the ovipositor of T. fuscicornis was
symmetrically divided into four parts, while that of L. japonica was divided into three
parts having a 2:1:1 ratio. However, in the case of T fuscicornis, after the 14th tooth,
four parts melded into three parts maintaining a 2:1:1 ratio, and a dovetail joint was
found on the horizontal cross-section of the ovipositor that allowed vertical movement
for making a hole. These morphological differences of the ovipositor may be due to the
insects’ lifestyles and phylogenetic distance. Finally, zinc was commonly found at the tip
of the ovipositors of both species, a probable result of ecological adaptation created by
drilling wood.
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S5 (Tremex fuscicomis)% HE (Hymenoptera) %
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A} (Siricidae) ol &oh= T2 F2 g, Y, AFD
, Alellor 9 f5dof et 5308 7} (Siricidae) ol <
e 52 i 23 97t=9] Hole Attt w2
Horntail F4= wood wasp©|2tal 229, A A|AH 2 114
111F°] dHA QL o= s% 1450] AAshs Ao
2 H11E]o] QIt}(National Institute of Biological Resources
2019; Park et al. 2020). X H1}o] &5l QRE &
2 BARE HdFoks EAS HATH(Schiff et al. 2012). %
FTle] §22 Fgolel BN, HRE Aol 4]
“d (phytophagy) &2 & 2 &2lA T} (Lee 1998). A
o2 B2o]7} 25mm o4 2 BjgE] St 22
Krzio] W) T4 10mm A% M2 Holus 9l
AT E3lo] TR, gL Acke HRPL o)
o 42E AZton AT BS Foul, HEIRL (cr
sp.), L2 U745 (Alnus sp.), AFF45 (Betula sp.), A1o1H
525 (Carpinus sp.), "HU-F25 (Seltis sp.), Y =725 (Fagus
sp.), 7 FHYH75 (Juglans sp.), AFA Y755 (Populus sp.), B4
555 (Prunus sp.), == WU (Pterocarya sp.), OF7/HA
=5 (Robinia sp.), IEW725 (Salix sp.), =55 (Ulmus
sp.) Y LEJU-FE (Zelkova sp.) ‘5 THESE =50l A{Alo}7]
2ol 7]F5ol/do] =2 92 Ao= dejA St (Forest
Research Institute 1969; Lee 1998).

L= EH (Leucospis japonica)~ "B (Hymenoptera) 2
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+ T2 94 0 8 H2)-52 (anthropods) ©] & $1Lt ¢F
o &2 Y= 7|ggE (parasitoid wasp) = a4 Qi A
AIAR S =2 4% 150501 deA AL, =Hioll= 14 3F0]
H

V& o] =], BEEE (Leucospis japonica), B85
W (L. sinensis), PFE-E°1H (L. yasumatsui) 3E°] ©]|l
QFC} (Kim et al. 2017a; Park et al. 2018; NIBR 2019). &

1, @5°l& B2 (Leucospidae) = & 2’37} (Chalcidoidea)

(]

|

1P

ol

Qe A Atetgro] Hj5Eo] glofA Sl SEG JejS
e 5 gejd, Rt o R TEss 548 e

(Hesami et al. 2008). BEZEFHE2 FZ0] 11~12.8 mm=
=l H|SR 27191 29Fo]™, '8 (Apidae) 2t 71
A7t (Megachilidae) 2] 501l 71ck= Aoz delA 9l
Tt (Torretta et al. 2017). 71-8&5F7F S0P (brood cell)S
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WHE A 47NAE o] &5t A4S X35k (Fig.
IB) U]Cg]ztﬂ_/l xﬂl%
B0} 79 5 wEalEEe
eN

9I5) mofE WEE|E

2, MA[¥oE e

A5 RS AE2 A F 95% EtOH
of AAs) 14 9 AXE AF o, At e T
& fl8 A S AR & AdE E5 2
A o] % Atekyt o] fof] F2tE o] Qe 2&E2 Al
AL fs 250414712 oF 1023 A5t 2
A7 & FEotAt. Tl o]§t LA L Leica

M205C (Leica Microsystems, Germany) ©| ™, 10~208] <+
tiste] ST Atetke] 21732 Atetyto] ddol o
7tee 5 EH dJd FAAASTE F=A7F A=
A Z7HA] oF 100 um T2 oF 2039] S7GSHAT @n]7
AFx1-& DMC6200 Digital Color Microscope Camera (Leica
Microsystems, Germany)< ©|-8}%1. 01 25t Zo] =
A& $l5to Image] software (Image Processing and Analysis
in Java by http://imagej.nih.gov/ij/ V2 0|85}t
3. HAYArGFAPHXLE0| 3 (Field Emission
Scanning Electron Microscope; FE-SEM) 2t
al /48 8.M (Energy Dispersive Spectroscope)
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Fig. 2. Ovipositor observed by stereoscopic microscope. (A) Tip of the ovipositor of Tremex fuscicornis, (B) tip of the ovipositor of Leucos-

pis japonica, (C) middle of the ovipositor T fuscicornis, and (D) middle of the ovipositor of L. japonica. Scale bars =200 um.
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ventral

Horntail 10.0kV x300 00um

) L VL O 2 O VR

japonica 10.0kV x200

dorsal

japonica2 10.0kV x500

I SR O CHNE R O S O H |
200um

Fig. 4. FE-SEM images of ovipositor bump. (A) Tremex fuscicornis, ventral view, (B) T fuscicornis, dorsal view (red square is joint part), (C)
enlarged ovipositor join part of T fuscicornis, and (D) Leucospis japonica, ventral view. Scale bars =500 um (A), 1 mm (B), and 200 um (D).

3 |2l Afolst uzbbA 2 weke] Yt #ls) o2
2A& AT 5 AT (Fig 3). AFETA AH TG
o A0 45 (Fig 34) 02 Holgl W we
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LF 82 (ventral) o]0l Wt & x}olE H =), &
W= E71= TF Yle E7190 vl & 27171 23, 7N
= AQth o7 W E7]9] ZolE HH FHof|A
Hole 77l HIdZ o2 158477 ym¥ A= AT
HAM, HiE£e] 271 4= BdAHCR 29.846.52um
M A= 2 0 =2 FRIE It (Fig. 3).

E HAAFY FAP A S o]-g5to], SHA
5% (dorsal) @t 812 (ventral) 9] 2FS the =2 THH
AT F F 7] FHIA ztolE v HeolA I 4 9
ATt (Fig. 4). @552 Abehko] ¢ wiZo] 95t 4
M) 7= oA SRR A4E At 45
ol Al Y2 =719] £0]7} 53.79 um, 67.43 um, 102.46 pm,
139.04pm 0 & 4 AR = A gRlstgirt 552 571
+ HiZol| Hlsh iAo 22 3719] F7]E50] gRlx
Art. E3h 550 1494 7] A7 = ddo] 4580
WA (Fig. 4), 71 o] F 25 EEH | Attt
PR R 2:1:19] HIER 35EOE YN ASs &
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Fig. 5. Internal observation of Tremex fuscicornis ovipositor using an optical microscope. (A) Near tip part, (B, C) middle part (red circle is

dovetail), and (D) two parts of the dorsal ovipositor joined together.
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3. o0 F S 0|83 HESNY Lo yig 3l ot E-25S T HMES ol Aoz e &
Y 2 A 3ol EstElo] KISkt WiAYZR] v 71E2] AF

sl A O 728 Pel] Pebgn) o 1o BEHATEA A 7efd Ao 7]
A8 ol gkl BAakrh(Fig 5). Aere] wrek o] M
TS el et Ay 247 A2 HdeHA] G 479
BRom A gl AL 2 4 Qgov) afe zze) 4 AIUNBUY 2EEA(Enerqy dispersive
FYRRolliz 443 A] o] AU 4 Gl B7H0] ) spectrometry) 018t YR 24
o] Q3lth (Fig. 5A). AFte] FoFH-Eo] S-S ket AE5ordy gEEEE Abghyhe] Bojd 1 4B
A I F527 D2 dovetail joint 2] TE7F SHRIE GO o] Zpol& ot 7] ol A4S HPstlt. 4t
™, 7} o] A& 7Hdohe B2 KT (Fig. 5B, C). o] RO JEEA At BE FloA B (C)et Ata
HreFo 2 P/dH dovetail joint 2= 58 252 <A (0)7t +&8& o2 HEH AU (Fig. 6). 55X Al=t
513, n] 118 ©]& (sliding joint) § e Shod, 30| % TR A= ofdd (zn) o] HEE O (Fig. 6A), A
B 52 2502 g BARE 3T 5 s ok T SAFEA = 712 A ghAet A4 olof THE ¢
T} (Vincent and King 1995; Frasson 2010). 14H#] =7] ©] A= HEEFA] gtk (Fig. 6B). BEZEE At &
T RE2 AAdn o] T Aot viVA 2 45 E S50 T Aot kol A ofdo] HEE QoY
ZepA A" Ao] 35202 HHA R FAAE A (Fig. 6C), TR0l A= ofdo] HE=A] ¢t (Fig.
< T AT 4= A3ATH(Fig. SD). 6D). ot FEZRE o]Foj7]l x| B 2 FEE F

Aol A AE-El= tiF-E2] 2457 (drilling machine) o5k, Aupe] O]t vt E Fol=t| Z&o] 7] w2
+= 2] (rotation force) ¥ 522 (percussion force) < dutz o g ohelst 7|82 M B S5 5.0 gof o]
o]85}o] M52 FHH(Song et al. 2013). SHAT D253 EAok= Aoz AHA ATk (Broomell ef al. 2006). =
H g Qe R o] Adhg A A3 o2 WAYS (Hymenoptera) o]l &0t £552] 749 A7 Tof|A| 4F

e

. 0 1 2 3 4 H
20um Electron Image 1 L. S S . S v 0 Electron Image 1 ul Scele 692 cts Cursor: 8.522 (0 cts) kev|
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Toum Electron Image 1

Fig. 6. Energy dispersive spectrometry (EDS) analysis of Tremex fuscicornis and Leucospis japonica by ovipositor part. (A) Zinc detected on
the ovipositor tip of T fuscicornis, (B) no zinc detected on the middle part of the ovipositor of T. fuscicornis, (C) zinc detected on the oviposi-
tor tip of L. japonica, and (D) no zinc detected on the middle part of the ovipositor of L. japonica. Scale bars =20 um.
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