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B b AEEEA (holotype) FEFERIAYIEEE
BB o 5SS EEEEZE - PRIt 2 AN AT EFEH K
EAVER TR - AHAEEEEIRY R SRR
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x— BEARYME R Micro CT HERYER H {th iR h AORRATE HLER

Table 1. Micro-computed tomography models currently in use in Taiwan and other countries

Brand Model Spatial resolution (minimal voxel size, um)

Bruker Skyscan 1076 9
Skyscan 1174 6
Skyscanl176 9
Skyscan 1276 2.8
Skyscan 2211 0.1
Skyscan 1272 0.35

Delta DELab nCT-100X 1

Rigaku CT Lab HX100/ 130 1.3

ST Instruments NeoScan N80 2

Waygate Phoenix Nanotom 180 0.5
Phoenix vtomex m300 2

ZEISS Xradia 600-series Versa 0.04
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BATHERRE S (Micro CT) #M¥TE RSBIRAAVERALET
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Table 2. Studies involving application of micro-computed tomography for examining various sections of insect

specimens
Family Species Target Resolution (um) Reference
Blattodea
Blattellidae Periplaneta americana Head and mandible 3.07 Weihmann et al., 2015a, b,
Wipfler et al., 2016b
Termitidae Duplidentitermes furcatidens  Head 1.5-3.9 Berankova et al., 2022
Indotermes sp. Head 1.5-3.9 Berankova et al., 2022
Jugositermes tuberculatus Head 1.5-3.9 Berankova et al., 2022
Machadotermes rigidus Head 1.5-3.9 Berankova et al., 2022
Coleoptera
Lucanidae Cyclommatus metallifer Mandible 0.96-4.1 Goyens et al., 2015
Ptinidae Xestobium rufovillosum Esophagus 137 Brock et al., 2021
Nicobium castaneum Esophagus 2 Parracha et al., 2021
Scarabaeidae Pachnoda marginata Leg 1 Gorb et al., 2019
Termitotrox icarus Metasoma (egg) 2.97 Kakizoe et al,. 2020
Trypoxylus dichotomus Primordia, mesosoma, 79;9 Niiyama, 2016,
leg and wing Adachi et al., 2020
Dipetra
Drosophilidae Drosophila melanogaster Larve, pupa and imago 0.7-11.54 Schoborg et al., 2019
Tephritidae Dirioxa pornia Gut 3.4 Bhandari et al., 2019
Hemiptera
Pentatomidae Halyomorpha halys Parasitized egg 5.7 Konopka et al., 2020
Hymenoptera
Apoidea Apis mellifera Mandible and metasoma 9, 2.564 Wang et al., 2013,
Smith et al., 2021
Bombus terrestris Head (oceli, brain) 0.81, 3.5-3.9 Wilby et al., 2019,
Rother et al., 2021
Formicidae Melissotarsus sp. Mandible 0.882-2.662 Khalif et al., 2018
Strumigenys sp. Mandible Booher et al., 2021
Temnothorax curvispinosus Acorns (ant colony) 6.08-19.3 Varoudis et al., 2018
Scelionidae Trissolcus euschisti Egg 5.7 Konopka et al., 2020
Lepidoptera
Gracillariidae Caloptilia stigmatella Wing 1.96 Robinson et al., 2018
Saturniidae Eacles imperialis Larve (muscle, gland) Sourakov et al., 2021
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BT 2 RS R RAS A HAE - I i A AT 2
APIRIEAYRTREME < A H =4 Gt s Bk
RN » G DIRRE AT NIEA FEEDL
WHPE - SERYIER 738 5E (Kundrata et
al., 2020, Kypke and Solodovnikov, 2020,
Arriaga-Varela et al., 2021, [E—) > 528408540
EREIMEI AN TR ~ EES SRS
(Wipfler et al., 2016a) » & & 2 F NSRS AYH]
MO sk e - NEFEBCEBETEFHE MY
U Y A i & 58 5 = (Kakizoe et al., 2020,
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Konopka et al., 2020) - 5545 > fEALIE B =
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ST R ATHLE & F R D25 - BEE AL
(Trypoxylus dichotomus) Hy{5 4 F %25 A\ DIE IR
HIR TR (Niiyama, 2016) : ££ 2 EHLA
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M BELE) (Gorb et al., 2019) R DUEEIRLAR
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BRSOSAMEEAREER - BAEE PTAREHMER o (EAKES Delta DELab uCT-100X » A1

BEEMTER 3um - A~ BTEE ; B EE ; C - £HEREEE ; D LHEBAEER -

Fig. 1.

Male neotenic of Prorhinotermes flavus. The samples were stained using phosphotungstic acid for 2

months. The three-dimensional image was captured using the Delta DELab yCT-100X at a 3-um
resolution. A, dorsal view; B, lateral view; C, testis in dorsal view; D, testis in lateral view.
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AR A 157 58 s [ S BH AR BV R S 2 2 (Wilby et
al.,2019) il & RIS fErRZE (immunolabeling) - [
S fige 31 A 2K 55 8l 2 17 50 BE Y L R B [ 5 0T 5T
(Rother et al., 2021) - FLAMR[EIEGHARY B 2 s i ET
JE R RIS Bl &R e AR BHRE - m DL T A B as
S ELALAYEE B FE DL A3 £ (Schoborg et al.,
2019, Adachi et al., 2020) -

REETE Ry taa BV EZIE » EEN%
BEMERITRE M b A7 52 ] DR At R U b _ERYES
1B > WA LEF 2 TS B R SHEL A A P & A A Y
AL EE » /£ K 8 52 B} (Myrmicina) & & -
Melissotarsus & % B SERE K HY A A S BLPZEHI R
SR GV AL - N B R E M T 7
SRt AR SHRL B 2SR T A 2 9 1B E AT RE
(Khalif et al., 2018) - 55 4% > & 56 R % &
(Strumigenys) FriEENHRASH - BEIREMH
BAIEEROA - fRIBEIMY S A B ALARF RS - Bo &
1= s bE L R 470 TEAV ARSI RE REAGRE -
DU HE s AN A2 R SRAVFF s (b B 2/ DR A
I~ (Booheretal., 2021) - HAth 75T - $+EE A6
sl B30 & (Cyclommatus metallifer) (15K
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R= FEMEERH (Micro CT) $H¥HFEAEHTRMRIFAIFIALARAETIREME » LRMBENER
EFN
Table 3. Studies focused on examining Baltic Sea region amber insect fossils through micro-computed
tomography

Family Speceis Resolution (um) Reference

Blattodea

Blattellidae Periplaneta americana 3.39-33.6 Hornig et al., 2016

Coleoptera

Carabidae Balticeler kerneggeri 2.4-4.81 Schmidt et al., 2021

Chelonariidae Chelonarium andabata 7 Alekseev and Bukejs, 2021
Chelonarium dingansich 7 Alekseev and Bukejs, 2021

Elateridae Baltelater bipectinatus 2-3.49 Kundrata et al., 2022

Hydrophilidae Anacaena morla 2.2-9.0 Arriaga-Varela et al., 2019
Crenitis profechuyi 2.2-9.0 Arriaga-Varela et al., 2019

Diptera

Pipunculidae Metanephrocerus groehni 8 Kehlmaier et al., 2014
Metanephrocerus
hoffeinsorum 8 Kehlmaier et al., 2014

Ephemeroptera

Leptophlebiidae  Calliarcys antiquus 4.05 Godunko et al., 2022

6 AR J1EVZ 25 (Goyens et al., 2015) R EMEE
i (Periplaneta americana) 9K S8 K U8 35 L A
(Weihmann et al., 2015a, b) > Ff5eIHIE S B IS
RS |[HRH] - A — PR FHE R Y R e
AILPARERSN - KHE - BRAE ~ HhaC e S K oy
10 BT iR AT RSB - TIslE Rt E
e - PRS2 MYy T+ &5k - SoRitsesst
WA ETERE JTHY B & 4 (ergatoid, nymphoid,
alate) FHELHEAMIEAFEIE4R (soider, worker) AH
KEeAUHEEAY 0 (Ishibashiet al., 2023) - Hf A
WA A (alate) Fy T EMESESMNYEE) - HEELLE
HoA WS AR TR R B ss i - {Hig E (king) {E8
BEETLR By T PR RBERNFE  (RIEAEEE A RrAGEE
H U A B (Niven and Laughlin 2008,
Ishibashi et al., 2023) - 55— 751 » BRASHVEE & thZ
FIERET BT Ry A2 B A Pl 8 - ZHAR (frontal
gland) =&} (labial glands) —fE{EAE (15 i
BHERE R XS EE (fontanelle) 43505 E MY
B AHE BB ATEIEN Machadotermes J& &
BREEE A B — RS AR LB A Uiz
HI M AR » N2 ETiEHIEY intramandibular
gland » #EHIE 7300y ] DA FEIS % S 1 & DA PRaE
T g & ol (Quennedey, 1984, Berankova et al.,
2022) - {EAFEIREEFNM R L HE Q%S
(Prorhinotermes) Y Wl 4 74 15 K # 70 48 JE 1%
(neotenic) B 4EJEAETT » {H B RHRES G/ DA WA
FEIE DL MHET I RIEII B R8T o DRILEE HH R S e i
R PR AR AV ERR A N TSR AR JERR R B IS
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BIAE AR FE R LSNPS AR e (E— o [ —) -
MFsEE SEM DLz AR (Magnetic Resonance
Imaging, MRD) ##i%2 - EZ2 DT R RGN
T R AL E ST REE - i iEaskE
Em TN 2 B H AT s (Wang et al.,
2013)

FEEYIRBHITHSE

GO N ESSHHAEYRAS » ARt E
TR R E BRI o TRRE
s L NVAH A B A B 89T RSt - (B8
e LT RS AV A ER A EE DARE R U 5 22 - FEHETY
iRy = 4E R G UEY RIS TR iR
S SEEEHRZZ SN B E BSR4 » 502
FHTEY)4H A% FTeH Ay il (Villagran et al., 2019,
& =) » DU IEEE R Lasius flavus &R 5L
TEYIAEAE I B 2 Y )7 1) (Minter et al.,
2012)- miEEE /N (Hypothenemus hampei) HJ4:
AP E R BN R - BN S E&OE YR
e RIS EORAIE® (Oliveira et al., 2013) ; 8]
T ENRENE THRYSZEERERERE A
BN ARKRIERE LRI E &P AW (Alba-
Tercedor et al.,2018) - [EiERN EfSEFMELAIE
NS B 1765 FRITEIRIGHY 2 508 B A 5 i
(HMS Victory) - HAi{FE Ry IR AT Sl £ R G H
THYIEE BERL - HCHP RGAE P BT S AV RIS 2 S8
#0051} (Anobiinae, Xestobium rufovillosum)
ik - —fOCERERESEBURINS - e b E aafkE
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1500 pm

Mt ERSAENERFE R LR EEMNERT - BUFHERCE 1%WEra—F » BrEE
BiSE PTA MR o {EARKEA Delta DELab uCT-100X » IRIMAVEBEMNTE A K 1 pm » EREISECK
BETRRIE B DELCTomo Ver 2.1 SUE - A ~ BIEFES » ZAIINERMINE (KE) BBIELA 8.35 x 10°
um? » HRINE RHIPE (BEth) B8IEHIA 6.02 x 10° um® ; B~ #HiFe AR » ISR RMINE (RE)
BETRAVA 38.45 x 10° um® » HRAIDNERMONE (BEE) BETEAA 8.7 x 10°um® ; C ~ WFRETER » Zfl
INERMONE (#%E) 38840k 24.98 x 10° um® » HRISIERMINE (BEt) B8IEHIA 31.19"10° pm® .

Fig. 2. Ovary of the female nymph and neotenic of Prohinotermes flavus. The nymph was stained with 1%

iodine for 1 week, and the neotenic was stained with phosphotungstic acid for 2 months. The three-
dimensional image was captured using the Delta DELab uCT-100X at 1-uym resolution. Color
markings and volume measurements were performed using DELCTomo Ver 2.1. A, nymph: left ovary
and ovariole (green; volume = 8.35 x 108 um?3), right ovary and ovariole (blue; volume = 6.02 x 108
um3), and uterine tubes (yellow); B, neotenic: left ovary and ovariole (green; volume = 38.45 x 10°
um3), right ovary and ovariole (blue; volume = 8.7 x 108 um3), and uterine tubes (yellow); C, neotenic:
left ovary and ovariole (green; volume = 24.98 x 10% um?3), right ovary and ovariole (blue; volume =

31.19 x 10°% um3), and uterine tubes (yellow).

S EEYIIRE 2 » S A2 B e Y N R4 1 - (H
7 X SR DIMEA IR R EHIRE T SRS R
NEHERIETE - W iR #8917 RefReF (Brock et
al., 2022) - FRAEYE L A T Fe E A N B R
755 (Nicobium castaneum) = &% 6hHYE
KA EN4EERE (Parrachaet al., 2021) » DL A
R i i% (Australopithecus sediba) FEARH
o A I BB BE S FT A B BYIRE BN (Backwell et al.,
2020) -

BT R ET 2 T A B3 sttt 7
PP RTHIBHSE T A o AR 0 AR E IR (cell
culture scaffolds) J&—fE{KHAAHAIAES - FEA[EHF
LGSR IR T A TR MR R AV Rl - EhiE
DAFHE R - & H =4 Pl a2 22 ]
DAfg ko U a8 M AV &SR - S AL N B IR 5
(Palmroth et al., 2020) - fi{E25E SIS
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%F.91'E (porous medium) FHRHNIFZEA B JE
IR A AR BRSE R o NERFLIRE &
HIAH bR 22 ] - ST RN AR Ak IR
PRIASFIF L S B - WARTE & S AU 2k
fEREIYE A (Zhang and Peng 2007, Lee et
al., 2020) - fEes M BA%E b > Wim T (reverse
engineering) & —fE&SH TR ARG - (D3R
775 SRR AT [ S T R R « JCHIT A
SRt Ry kG Ay EE BB RS ST » B S B T e iRy
&l AR BIHESS RHE RGBS TR » TR
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Fig. 3. Structure of fungus combs built by fungus-growing termite. The image was captured using the Delta
DELab uCT-100X at 5-uym resolution. The sample size of the combs is 18 x 15 x 12 mm?3. A, sample
of combs; B, three-dimensional image of combs; C, sectional view.
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ABSTRACT

Micro-computed tomography (Micro-CT) is an imaging technology used in small animal
research. It employs noninvasive X-rays that do not harm a sample, thereby facilitating
detailed observations of in vivo structures. Initially, micro-CT was used primarily in medical
research involving small living animals. As the process of imaging techniques, nano-level
resolution has been achieved, expanding its applications. This high-resolution imaging
technique is particularly useful for observing minute samples. In Taiwan, several micro-CT
machines with varying resolutions are currently available. However, the utilization involves
various complex processes, such as sample preparation, image testing, and editing. This
article introduces and provides a discussion of the principles of micro-CT, suitable samples
for this technique, preparation methods, and relevant studies and applications. Micro-CT
enables the noninvasive observation of X-rays to gain insights into the internal structures of
biological samples. Nevertheless, there are limitations associated with the sample selection
and preparation processes of micro-CT. Problems such as beam hardening and uneven
thickness can result in low image quality and noise. Additionally, the lengthy imaging time
required for performing micro-CT poses challenges for observing live samples. For soft tissues
such as muscles, the use of iodine solution or phosphotungstic acid as a radiocontrast agent
is necessary. The concentration and staining duration for an agent should be adjusted for
each sample. Nevertheless, micro-CT enables researchers to visualize three-dimensional
structures, which is highly valuable in entomological research. The external structures and
internal tissues of insects can be observed to identify differences in habitat and food
preferences, which, in turn, can clarify their taxonomy and evolution. The simulation of
musculoskeletal tissue motion aids in mechanical research, facilitating the creation of three-
dimensional models and bionic machines. To obtain useful information, micro-CT can be used
to study fossil samples that are difficult to observe through optical instruments, without
damaging them. Furthermore, exchanging, collecting, and displaying three-dimensional
images are straightforward. Through micro-CT, researchers can observe nonbiological
aspects, including the internal of nests and adjacent habitats, to further understand insect
behavior and conduct pest control research. Micro-CT has also been applied to develop
various types of equipment in fields such as quarantine research, forensic entomology, and
archaeology, and it has become an indispensable technique in multiple scientific fields.

Key words: Computed Tomography, Insect, Morphology, Radiocontrast agent, Fossil
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