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In this study, we conducted a multifaceted research on a bone that has not
been described in conventional anatomical systems: the auriculohyoid bone. We found that there are
two patterns of the auriculohyoid in the lineage X (will be clarified after publication of the
paper): lineage Xa, which has completely ossified bones, and lineage Xb, in which the trait remains
cartilaginous in adults. Embryological observations on fetal samples ruled out the working
hypothesis. We initially hypothesized that the lateral end of the Reichelt®s cartilage, which is the

protoligament of the hyoid bone, would separate and ossify to differentiate into the otolingual
bone, but we found that the ossification of the ventral base of the auricular cartilage was the
result of ossification. Gene expression analysis revealed that BMP, FGF, and Sox9 are largely
involved in the dynamics.



Zhe Xi Luo Laura
Wilson
Ingmar Werneburg

30 CT inspeXio SMX-90CT plus
Amira
X 19
CT
a
Amira CcT
Ingmar Werneburg in situ hybridization
RNA-seq



Xb

BMP FGF Sox9

BMP FGF Sox9 Col6al

2022

14

Xa

Eagle



21 21 20 5

Nojiri Taro Tu Vuong Tan Sohn Joon Hyuk Koyabu Daisuke 338

On the sequence heterochrony of cranial ossification of bats in light of Haeckel®s 2021

recapitulation theory

Journal of Experimental Zoology Part B: Molecular and Developmental Evolution 137-148
DOl

10.1002/jez.b.23042

Nojiri Taro Wilson Laura A.B. Lopez-Aguirre Camilo Tu Vuong Tan Kuratani Shigeru Ito Kai 31

Higashiyama Hiroki Son Nguyen Truong Fukui Dai Sadier Alexa Sears Karen E. Endo Hideki

Kamihori Satoshi Koyabu Daisuke

Embryonic evidence uncovers convergent origins of laryngeal echolocation in bats 2021

Current Biology

1353-1365.e3

DOl
10.1016/j .cub.2020.12.043

Nojiri Taro Fukui Dai Werneburg Ingmar Saitoh Takashi Endo Hideki Koyabu Daisuke 250

Embryonic staging of bats with special reference to Vespertilio sinensis and its 2021

cochlear development

Developmental Dynamics 1140-1159
DOl

10.1002/dvdy . 325

Lopez- Aguirre Camilo Wilson Laura A. B. Koyabu Daisuke Tu Vuong Tan Hand Suzanne J. 304

Variation in cross- sectional shape and biomechanical properties of the bat humerus under 2021

Wolff"s law

The Anatomical Record 1937-1952

DOl
10.1002/ar .24620




Ito Kai Tu Vuong Tan Eiting Thomas P. Nojiri Taro Koyabu Daisuke

On the Embryonic Development of the Nasal Turbinals and Their Homology in Bats

2021

Frontiers in Cell and Developmental Biology

2021.613545

DOl
10.3389/fcell.2021.613545

Tu Vuong Tan Gorfol Tamas Csorba Gabor Arai Satoru Kikuchi Fuka Fukui Dai Koyabu 59

Daisuke Furey Neil M. Bawm Saw Lin Kyaw San Alviola Phillip Hang Chu Thi Son Nguyen

Truong Tuan Tran Anh Hassanin Alexandre

Integrative taxonomy and biogeography of Asian yellow house bats (Vespertilionidae: Scotophilus 2021

) in the Indomalayan Region

Journal of Zoological Systematics and Evolutionary Research 772 795
DOl

10.1111/jzs.12448

Lopez- Aguirre Camilo Hand Suzanne J. Koyabu Daisuke Tu Vuong Tan Wilson Laura A. B. 238

Phylogeny and foraging behaviour shape modular morphological variation in bat humeri 2020

Journal of Anatomy 1312-1329
DOl

10.1111/joa.13380

Sohn Joon Hyuk Fukui Dai Nojiri Taro Minowa Kazuhiro Kimura Junpei Koyabu Daisuke 28

Three-Dimensional and Histological Observations on Male Genital Organs of Greater Horseshoe 2020

Bat, Rhinolophus ferrumequinum

Journal of Mammalian Evolution

559&#8211;571

DOl
10.1007/s10914-020-09525-6




Sohn Joon Hyuk Kimura Junpei Koyabu Daisuke 6

3D model related to the publication: three-dimensional and histological observations on male 2020

genital organs of greater horseshoe bat, Rhinolophus ferrumequinum.

MorphoMuseuM ell3 ell3
DOl

10.18563/journal .m3.113

Sano Katsuhiro Beyene Yonas Katoh Shigehiro Koyabu Daisuke Endo Hideki Sasaki Tomohiko 117

Asfaw Berhane Suwa Gen

A 1.4-million-year-old bone handaxe from Konso, Ethiopia, shows advanced tool technology in the 2020

early Acheulean

Proceedings of the National Academy of Sciences

18393 18400

DOl
10.1073/pnas.2006370117

Oh Jinwoo Minami Masato Ikeda Suzuna Takatsuki Seiki Oonishi Nobumasa Higuchi Naoko Okada 44

Ayumi  Kimura Junpei Koyabu Daisuke

Non-Invasive Age Estimation by Cranial Suture Closure in Japanese Sika Deer (Cervus nippon) 2019

Mammal Study 147 147
DOl

10.3106/ms2018-0065

Ledevin, R., Koyabu, D. 46

Patterns and Constraints of Craniofacial Variation in Colobine Monkeys: Disentangling the 2019

Effects of Phylogeny, Allometry and Diet.

Evolutionary Biology 14 34

DOl
10.1007/s11692-019-09469-7




Lopez-Aguirre Camilo Hand Suzanne J. Koyabu Daisuke Son Nguyen Truong Wilson Laura A. B. 19

Postcranial heterochrony, modularity, integration and disparity in the prenatal ossification in 2019
bats (Chiroptera)

BMC Evolutionary Biology 75

DOl
10.1186/s12862-019-1396-1

Lopez-Aguirre Camilo Hand Suzanne J. Koyabu Daisuke Son Nguyen Truong Wilson Laura A. B. 332

Prenatal allometric trajectories and the developmental basis of postcranial phenotypic 2019
diversity in bats (Chiroptera)

Journal of Experimental Zoology Part B: Molecular and Developmental Evolution 36 49

DOl
10.1002/jez.b.22846

Joon Hyuk Sohn, Junpei Kimura, Daisuke Koyabu 6

3D model related to the publication: three-dimensional and histological observations on male 2020
genital organs of greater horseshoe bat, Rhinolophus ferrumequinum.

Morphomuseum 113

DOl
10.18563/journal .m3.113

Ito Tsuyoshi Koyabu Daisuke 56

Biogeographic variation in skull morphology across the Kra Isthmus in dusky leaf monkeys 2018

Journal of Zoological Systematics and Evolutionary Research 599 610
DOI

10.1111/jzs.12229




Nojiri Taro Werneburg Ingmar Son Nguyen Truong Tu Vuong Tan Sasaki Takenori Maekawa Yu 279

Koyabu Daisuke

Prenatal cranial bone development of Thomas®s horseshoe bat (Rhinolophus thomasi): with special 2018

reference to petrosal morphology

Journal of Morphology 809 827
DOl

10.1002/jmor.20813

Oh, J.W., Minami, M.,lkeda, S.,Takatsuki, S., Oonishi, N, Higuchi, N., Okada, A., Kimura, J., 44

Koyabu, D

Non-invasive age estimation by cranial suture closure in Japanese sika deer (Cervus nippon). 2019

Mammal Study 147-155
DOl

10.3106/ms2018-0065

Ledevin Ronan Koyabu Daisuke 46

Patterns and Constraints of Craniofacial Variation in Colobine Monkeys: Disentangling the 2019

Effects of Phylogeny, Allometry and Diet

Evolutionary Biology 14 34
DOl

10.1007/s11692-019-09469-7

Lopez-Aguirre Camilo Hand Suzanne J. Koyabu Daisuke Son Nguyen Truong Wilson Laura A. B. 332

Prenatal allometric trajectories and the developmental basis of postcranial phenotypic 2019

diversity in bats (Chiroptera)

Journal of Experimental Zoology Part B: Molecular and Developmental Evolution 36 49

DOl
10.1002/jez.b.22846




Lopez-Aguirre Camilo Hand Suzanne J. Koyabu Daisuke Son Nguyen Truong Wilson Laura A. B. 19

Postcranial heterochrony, modularity, integration and disparity in the prenatal ossification in 2019
bats (Chiroptera)

BMC Evolutionary Biology 75

DOl
10.1186/s12862-019-1396-1

5 1 5

Pascal Abel, Daisuke Koyabu, Ingmar Werneburg.

Evolution of the temporal region in the early amniote skull

2019

Koyabu D, Nojiri T.

Prenatal Development of Echolocation-Related Traits in Bats and the Origin of Laryngeal Echolocation: Single Origin or
Convergence?

2019

Lopez-Aguirre C, Wilson LAB, Koyabu D, Hand SJ.

The Morphogenetic Basis of Mammalian Flight: Allometric Trajectories and Ossification Heterochronies in Prenatal
Skeletogenesis of Bats

2019




Nojiri T, Koyabu D.

Does Prenatal Development Support a Single Origin of Laryngeal Echolocation in Bats?

2019

Ito K, Nojiri T, Koyabu D.

On the Development of the Nasal Capsule and Turbinate Homology in Laurasiatherians, with Special Reference to Bats

2019

https://ww.a.u-tokyo.ac.jp/topics/topics_20210306-1.html
Echolocation evolved multiple times in bats
https://newsroom.unsw.edu.au/news/science-tech/fruit-bats-are-only-bats-can%E2%80%99t-use-echolocation-now-were-closer-knowing-why

(Shizuko Hiryu)

(70449510) (34310)




(Kohta Kobayasi)

(40512736) (34310)
(Hiroki Higashiyam)

(40816625) (12601)
(Dai Fukui)

(60706670) (12601)




