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A review of three-dimensional ( 3D) geometric morphometrics and its

application in entomology
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Zoology Chinese Academy of Sciences Beijing 100101 China)

Abstract: Two-dimensional (2D) data is the major data type in geometric morphometrics for a long time.
2D data played an important role in the origin and rising of geometric morphometrics. Numerous
significant scientific problems have been solved based on 2D data. The super capability of geometric
morphometrics in scientific computing and problem solving based on 2D data has been perfectly
demonstrated. However there are still some special scientific problems or specific morphological
characters which can not be easily or perfectly investigated via 2D data. Three-dimensional ( 3D) data on
a large scale and in great amount could be a better option for these issues. The needs for 3D geometric
morphometrics become more and more urgent. Furthermore 3D data collecting becomes easier and
cheaper and a large quantity of 3D data emerge. Here in this article the principles and application of 3D
geometric morphometrics were reviewed. The similarities and differences between 2D and 3D geometric
morphometrics are listed. The two development stages of 3D geometric morphometrics i. e. the
morphological simulation and quasi-quantitative comparison of a small-size sample and quantitative
comparison of a large number of samples are reviewed. The application of four-dimensional data and
finite element analysis is evaluated. The development potential of 3D geometric morphometrics in the field
of entomology is pointed out. The future directions of 3D geometric morphometrics such as increasing of
sample size hardware upgrade increasing of data resolution development of new algorithms

presentation of results 3D printing efc. are proposed.
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Table 1 The similarities and differences between 2D and 3D geometric morphometrics
Differences
Indicators 2D data 3D data Similarities
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Image acquisition
Computational resource needs
( )
Data collecting
( ) ( )
Superimposition
Additional analysis (3D . )
Presenting results D
2013) .
2
( Nguyen et al.
2.1 2014) .
o o CT
( projection data)
CT. CT. 0 Amira 5.2
\ ( surface rendering) . ( volume
o rendering) ( segmentation)

3D ()



1108 Acta Entomologica Sinica 57

o et al. 2008) . ( Almécija et al. 2014) .,
o ( Tallman et al. 2013)
2.2 o
o 3D N
( bending energy) . ( Fourier o
harmonic) . ( digital elevation model) . ( Bright and Rayfield 2011) .
( static stress) . ( finite element 3D
analysis) N N N ( four-dimensional
. 4D) (3D + ) .
\ ( Maladen et al.

2009; Nyakatura and Fischer 2010; Fischer and
Lilje 2011) .

. ( Steinmetz et al. 2012) &
3D
( functional .
morphology) ( )~ 3D
. ( )\
( Chen et al. 2006 2007 2009; Yin et al. 2013) . ( )
( Ronneberger et al. o
2002) . ( Meaney et al.
1994; Lane et al. 2004; Menke et al. 2008) . 3
( Cesarani et al. 2004; Lee
et al. 2007) . ( )
( Hagiwara et al. 2008; Beller et al. 2008; Khalifa et
al. 2011) ., (Li et al. 2006; Moncayo o
et al. 2007; Kong et al. 2009) .
( Area et al. 2004; Wei et al. 2006) . .
( Sanders and Farmer 2012) . o
3D PDF
PDF
0 3D PDF o
o 3D
o Neuyen  (2014)
() http: //www2. ala. org.

( Bruner 2004; Witmer et al. 2008; Wu au/chuong.



1109

o

( Gorb and Beutel 2000; Michaelis et
al. 2005)
( Gorb 2011)
2004; Ribak and Weihs 2011) &

( Gorb

4D

3D

3D o
3D

( References)

Adams DC  Rohlf FJ Slice DE 2004. Geometric morphometrics: ten
years of progress following the ‘revolution’. lialian Journal of
Zoology 7T1: 5 -16.

Adams DC  Rohlf FJ Slice DE 2013. A field comes of age: geometric
morphometrics in the 21st century. Hystrix the Italian Journal of
Mammalogy 24: 7 —14.

Almécija S Tallman M Alba DM Pina M Moya-Sola S Jungers WL
2014. The femur of Orrorin tugenensis exhibits morphometric
affinities with both Miocene apes and later hominins. Nature
Communications 4. 2888.

Area E  Martin-Benito ] Gastaminza P Torreira E  Valpuesta JM
Carrascosa JL  Ortin ] 2004. 3D structure of the influenza virus
polymerase complex: localization of subunit domains. Proceedings of
the National Academy of Sciences of the United States of America
101: 308 -313.

Bai M Yang XK 2007. Application of geometric morphometrics in
biological researches. Chinese Bulletin of Entomology 44:. 143 —
147. 2007.

44: 143 - 147

Bai M Yang XK LiJ Wang WC 2014. Geometric morphometrics a
super scientific computing tool in morphology comparison. Chinese
Science Bulletin 59: 887 —894.

2014.
59: 887 -894

Beller S Lange T Eulenstein S Beller L. Chopra S Dudeck O Schlag
PM Hiinerbein M 2008. 3D-elaboration of postoperative CT data
after liver resection: technique and utility. International Journal of
Computer Assisted Radiology and Surgery 3: 581 —589.

Bright JA'  Rayfield E] 2011. The response of cranial biomechanical
finite element models to variations in mesh density. Anatomical
Record: Advances in Integrative Anatomy and Evolutionary Biology
294: 610 - 620.



1110 Acta Entomologica Sinica 57

Bruner E 2004. Geometric morphometrics and paleoneurology: brain
shape evolution in the genus Homo. Journal of Human Evolution
47: 279 -303.

Cesarani F Martina MC  Grilletto R Boano R Roveri AMD
Capussotto V. Giuliano A Celia M Gandini G 2004. Facial
reconstruction of a wrapped Egyptian mummy using MDCT.
American Journal of Roentgenology 183: 755 —758.

Chen JY Bottjer DJ Davidson EH Dornbos SQ Gao X Yang YH Li
CW Li G Wang XQ Xian DC Wu HJ] Hwu YK Tafforeau P
2006. Phosphatized polar lobeforming embryos from the
Precambrian of Southwest China. Science 312: 1644 —1646.

Chen JY Bottjer DJ Li G Hadfield MG Gao F Cameron AR Zhang
CY Xian DC Tafforeau P Liao X Yin ZJ 2009. Complex
embryos  displaying bilaterian  characters from  Precambrian
Doushantuo phosphate deposits  Weng’ an  Guizhou  China.
Proceedings of the National Academy of Sciences of the United States
of America 106: 19056 —19060.

Chen JY Schopf JW Bottjer D] Zhang CY Kudryavtsev AB  Tripathi
AB Wang XQ Yang YH Gao X Yang Y 2007. Raman spectra
of a Lower Cambrian ctenophore embryo from southwestern Shaanxi
China. Proceedings of the National Academy of Sciences of the United
States of America 104: 6289 —6292.

Fischer MS Lilje KE 2011. Dogs in Motion. Frankh-Kosmos Verlag
Stuttgart.

Ge SQ Ren J Gao CX 2013. The evaluation of three dimensional
reconstruction techniques in application on Coleoptera morphology
and function. Chinese Journal of Applied Entomology 50: 251 —
258. 2013.

50:
251 -258

Gorb SN 2004. The jumping mechanism of cicada Cercopis vulnerata
( Auchenorrhyncha  Cercopidae) :  skeleton-muscle organisation
frictional surfaces and inverse-kinematic model of leg movements.
Arthropod Structure & Development 33: 201 —220.

Gorb SN 2011. Adhesion and Friction in Biological Systems. Springer
Berlin.

Gorb SN Beutel RG  2000. Head-capsule design and mandible control
in beetle larvae: a three-dimensional approach. Journal of
Morphology 244: 1 -14.

Hagiwara M Rusinek H Lee VS Losada M Bannan MA Krinsky
GA Taouli B 2008. Advanced liver fibrosis: diagnosis with 3D
wholediver perfusion MR imaging — initial experience. Radiology
246: 926 —934.

Hennig W 1950. Grundziige einer Theorie der phylogenetischen
Systematik. Deutscher Zentralverlag Berlin.

Huang DW  1996. An Introduction to Cladistics. China Agriculture
Press Beijing. 1996.

Khalifa F Elnakib A Beache G Gimel’ farb G El-Ghar M Ouseph
R Sokhadze G Manning S McClure P El-Baz A 2011. 3D
kidney segmentation from CT images using a level set approach

guided by a novel stochastic speed function. In: Fichtinger G

Martel A Peters T eds. Medical Image Computing and Computer—
Assisted Intervention — MICCAI 2011  Vol. 6893. Springer Berlin
Heidelberg. 587 —594

Kong J  Kaptchuk TJ Webb JM Kong JT Sasaki Y Polich GR
Vangel MG Kwong K Rosen B Gollub RL 2009. Functional
neuroanatomical investigation of vision—related acupuncture point
specificity — a multisession fMRI study. Human Brain Mapping 30:
38 -46.

Lane J Ward H Witte R] Bernstein MA  Driscoll CLW 2004. 3-T
imaging of the cochlear nerve and labyrinth in cochlear-implant
candidates: 3D fast recovery fast spin-echo versus 3D constructive
interference in the steady state techniques. American Journal of
Neuroradiology 25: 618 —622.

Lee IS Kim MJ Yoo DS Lee YS Park SS Bok GD Han SH Chung
YH Chang BS Yi YS Oh CS Shin DH 2007. Three—
dimensional reconstruction of medieval child mummy in Yangju
Korea  using multi-detector computed tomography. Annals of
Anatomy 189: 558 —568.

Li G Jack CR Yang ES 2006. An fMRI study of somatosensory—
implicated acupuncture points in stable somatosensory stroke
patients.  Journal of Magnetic Resonance Imaging  24:
1018 - 1024.

Maladen RD Ding Y Li C Goldman DI 2009. Undulatory swimming
in sand: subsurface locomotion of the sandfish lizard. Science 325:
314 -318.

Meaney JF  Miles JB Nixon TE Whitehouse GH Ballantyne ES
Eldridge PR 1994. Vascular contact with the fifth cranial nerve at
the pons in patients with trigeminal neuralgia: detection with 3D
FISP imaging. American Journal of Roenigenology — 163:
1447 - 1452.

Menke MN Knecht P Sturm V  Dabov S  Funk J 2008.
Reproducibility of nerve fiber layer thickness measurements using 3D
Fourier-domain OCT. Investigative Ophthalmology & Visual Science
49: 5386 -5391.

Michaelis T Watanabe T Natt O Boretius S Frahm J Utz S
Schachtner J  2005. In vivo 3D MRI of insect brain: cerebral
development during metamorphosis of Manduca sexta. Neurolmage
24: 596 —602.

Moncayo R Rudisch A Kremser C  Moncayo H 2007. 3D-MRI
rendering of the anatomical structures related to acupuncture points
of the Dai mai Yin qiao mai and Yang qiao mai meridians within
the context of the WOMED concept of lateral tension: implications
for musculoskeletal disease. BMC Musculoskeletal Disorders 8. 33.

Nguyen CV  Lovell DR Adcock M La Salle J 2014. Capturing
natural-colour 3D models of insects for species discovery and
diagnostics. PLoS ONE 9: €94346.

Nyakatura JA Fischer MS 2010. Three-dimensional kinematic analysis of
the pectoral girdle during upside-down locomotion of two-toed sloths
( Choloepus didactylus Linné 1758) . Frontiers Zool. 7: 1 -16.

Ribak G Weths D 2011. Jumping without using legs: the jump of the
click-beetles ( Elateridae) is morphologically constrained. PLoS

ONE 6. €20871.



1111

Ronneberger O Schultz E  Burkhardt H 2002. Automated pollen
recognition using 3D volume images from fluorescence microscopy.
Aerobiologia 18: 107 —115.

Sanders RK  Farmer CG  2012. The pulmonary anatomy of Alligator
mississippiensis and its similarity to the avian respiratory system.
Anatomical  Record:
FEvolutionary Biology 295: 699 —714.

Steinmetz PRH  Krauss JEM Larroux C Hammel JU Amon-Hassenzahl
A Houliston E Worheide G Nickel M Degnan B Technau U

Advances in  Integrative Anatomy and

2012. Independent evolution of striated muscles in cnidarians and
bilaterians. Nature 487: 231 —234.

Tallman M Almécija S Reber S Alba DM Moya-Sola S 2013. The
distal tibia of Hispanopithecus laeitanus: more evidence for mosaic
evolution in the Miocene. J. Hum. Evol. 64 319 -327.

Wei DQ Du QS Sun H Chou KC 2006. Insights from modeling the

3D structure of HSN1 influenza virus neuraminidase and its binding
interactions with ligands. Biochemical and Biophysical Research
Communications 344: 1048 —1055.

Witmer L. Ridgely R Dufeau D Semones M 2008. Using CT to peer
into the past: 3D visualization of the brain and ear regions of birds
crocodiles and nonavian dinosaurs. In: Endo H Frey R eds.
Anatomical Imaging. Springer Tokyo. 67 —87.

Wu X Liu W Dong W QueJ Wang Y 2008. The brain morphology
of Homo Liujiang cranium fossil by three-dimensional computed
tomography. Chinese Science Bulletin 53: 2513 —2519.

Yin Z] Zhu M Tafforeau P Chen J Liu P Li G 2013. Early
embryogenesis of potential bilaterian animals with polar lobe
formation from the Ediacaran Weng’ an Biota South China.

Precambrian Research 225: 44 —57.



