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Phylogenetic elucidation of tardigrades through paleontological

comparative research
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SUMMARY

(3 % 2 o 7

. Title

Phylogenetic elucidation of tardigrades through paleontological comparative
research

[l. Purpose and Necessity of R&D
O Although Panarthropoda (Arthropoda, Onychophora, Tardigrada and extinct Lobopodia)
is the most dominant group on the Earth and has been studied intensively, the origin of
tardigrades remains unclear, which makes it difficult to understand the phylogenetic

relationships among Panarthropod members.
OComparative morphological study between tardigrades and Cambrian lobopodians
elucidates the phylogenetic relationship within tardigrades through understanding

plesiomorphic morphological characters shared with Cambrian lobopodians.

OElucidating the phylogenetic relationship of tardigrades with other panarthropod groups,

which will enable us to track the evolutionary history of panarthropods.

[II. Contents and Extent of R&D

OCollecting tardigrades and devising how to make specimens.
O Acquiring morphological data of tardigrades using various tools.
O Acquiring morphological data of Cambrian lobopodian fossils.

OPhylogenetic study within tardigrades based on the comparative morphological study

between tardigrades and Cambrian lobopodians.

IV. R&D Results



OCollecting tardigrades from various limno-terrestrial & marine environments, and

making specimens.

OLearning how to use DIC (Differential Interference Contrast microscope), FE-SEM
(Field-Emission ~ Scanning Electron Mircoscope), CLSM (Confocal Laser Scanning
Microscope), micro CT (Computed Tomography) and acquiring morphological data of
tardigrades.

O Acquiring morphological data of Cambrian lobopodians from Chengjiang Fauna, China
(Cardiodictyon  catenulum, Hallucigenia fortis, Jianshanopodia decora, Megadictyon haikouensis,
Microdictyon sinicum, Miraluoshania haikouensis, Onychodictyon ferox, Onychodictyon gracilis,
Paucipodia sp., Undet. lobopodia) and from Sirius Passet, north Greenland (Aysheaia sp.,
Pambdelurion whittingtoin, Kerygmachela kierkegaardi).

ORevealing important different morphological characters within tardigrades, such as
mouth position, peribuccal papillae, circum-oral structures, pharyngeal teeth, pharynx,

stylet system, morphology of limbs, and sclerotized element of the trunk

ODiscovery of the fact that genus Milnesium (Class Eutardigrada) is appeared to have the

most shared morphological characters to Cambrian lobopodians

OUnlike the previous hypothesis that marine Arthrotardigrade genus PFarastygarctus is the
most primitive species among living tardigrades, the result suggests that Milnesium retains

the most plesiomorphic characters.

V. Application Plans of R&D Results

OTaxonomic and Systematic study of tardigrades from north and east Greenland using

various tools

OElucidating phylogenetic relationships within Panarthropods
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- B3R dEFES fFSHA FH dF Ave FE FIgAn A &t o
T7F thFE-E-o] 1 (Renaud-Mornant 1982 ; Kristensen & Higgins, 1984, 1989), 71%%
¢l TEMolut SEM& ©]-&3F A7E% UAA(Schuster et al. 1980 ; Eibye-Jacobsen
1997)
< E° TEMolY 33 IAE o] L3 in situ hybridization 7|H S o] &3 A7
zo) W3 AF7F &3] W3 FAPersson et al. 2012, 2014 ; Mayer et al. 2013
a,b ; Schulz & Schmidt-Rhaesa 2013 ; Schulz et al. 2014 ; Smith & Goldstein 2016)

-7 9= H& ¥ Wz SEM, CSLM(Confocal Scanning Laser Microscope) 52 ©]
g3ty 28 FZ(Smith & Jockusch 2014 ; Marchioro et al. 2013), +7-2A%F F+%

(Dewel & Eibye-Jacobsen 2006 ; Guidetti et al. 2012, 2013 ; Hohberg & Lang, 2016),
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- IUlol A= 2010 o] F =EOoZ = Lee et al 20170 AL FYY HAEE AR FE
of dig A7t v xE
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- 1984\ Chengjiang Biota 3} 4kA| ¥4 o|F AA7MA| Diania cactiformis (Liu et al.
2011 Nature)E HIEsto] 13F9] =0 e A HuHA=

13 3 Chengjiang Faunaoll 4] ¥4 % Diania cactiformis (Liu et al. 2011, Nature).

- B Eolr)e] m & Lagerstatteq! 7iubth Burgess Shaledl A+ HZ
Hallucigenia sparsa®, $tE-s=2] 77k XHQ] A F2sEY FH vHlu] i
E=Fo] A& o7 Natureo] 4 #(Smith & Ortega-Hernandez 2014 ; Smith & Caron

2015)
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13 4 ZFBgolr] H5%E Hallucigenia sparsa®} @A =5 E& Euperipatoides
kanangrensis®] &% Fe) vlw 5 (Smith & Ortega-Hernandez 2014, Nature).

- Chengjiang Biotadll A 2t=8 4F5E2 Onychodictyon ferox= WA TA L] AAY
ZF5EY9 el A7} Nature Communications E328 (Ou et al. 2012)
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- HT FAESH e dEER, 971AE HolHE ol &3 AT ¥ AU A
S5 3 9l (Jorgensen et al. 2010, 2011 ; Guil & Gribet 2012, Bertolani et al. 2014,
Fujimoto et al. 2016)
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1% 6 18S + 285 rRNA H|o|EHE o] &3 JHFE AE A AT F: Bertolani et al
2014, Mol Phylogenet Evol. 5-: Fujimoto et al. 2016, Zool Scr.

- SRANE AAZMA FRA FELEE A 9HFE F Parachelak o] Hre A 3l
S ™ (Boothby et al. 2015 ; Koutsovoulos et al. 2016 ; Arakawa et al. 2016) T2 A
22 MA Aot wide] EAE HY FHAAFE 18S, 285, coDwre] HiiElom,
oH FHAE AFESA kol wel kR FES] AT tig dEo] Z2kd
138 97+ &%
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¥ dREFE U Als JsE 19
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- Tohoku University (¥4)¢] Fujimoto Shinta w&
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- N 27)e} s A Fujimoto w9t il SR EE )

iy
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 RREE ATAGAN FaF Xl 3

= Ao g AZERE Coronarctus 42 ¢+
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2.2. Z+rB.g]o}7] Chengjiang Fauna §&Fs =32 e vln A+
ojmA &=
- %= Xi’ an Northwest University®] Liu Jianni x<9} 4

2.2.7} Chengjiang Fauna @& &=

FETE 5 AT 7Y
-39 269 ~ 30 FARTAEE 2ASA FE ATl Wl =9 F 5d¥ 8UdFE 229
7kA] Northwest Universityell ®-&3}e Chejiang Fauna®] §Z5&E °ln# 35, %
AT 3

% 1059 oA E Y5 & W

P ATE 5
Cardiodictyon catenulum, Hallucigenia fortis, Jianshanopodia decora, Megadictyon

haikouensis, Microdictyon sinicum, Miraluolishania haikouensis, Onychodictyon ferox, O.
gracilis, Paucipodia, Unt. lobopodia

Hah‘ucrgema foms

Jiangshanopodia decora Megad-‘CfYO” hafkouensis

13 14 Northwest Universityoll 4 &% 3+ Chengjiang Fauna®] €55 o]n| A,

2.2.4} Sirius Passet §F5= o|v|A =
CFAAT L FF F9 FuEloly] EFE 34 3 F9| ojuA 5
Aysheaia sp. Pambdelurion whittingtoni, Kerygmachela kierkegaardi
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%3 15 ™= Sirius Passetoll A 4+=H ZHBEolY] AS5EE. 39 Kerygmachela
kierkegaardi A+71-& Park et al. 2018, Nat Commol A 7}A 2.

22.0F kR FE0 FE vl
- mouth position, peribuccal papillae, circum-oral elements, pharyngeal teeth, granules
on the buccal tube wall, elongated pharynx with the transverse striped muscle, stylet
- rostral spine, limb morphology &< HFeNF & nigo = HHElopy] §FFEFH &
A gEsEY] FdHE v E

2.2.24 e A3 2 FHE, F A

-3 FE AFeA 83 A F Ut o9 Aol Hevte tiE AT A=
= AR o] H= Zlo] ofyet Rufjrt MY EHE o= AlFolA Aol Z
ol7] W&ol &4 AFE AHslA= i =9 Ful gl dis] x4 o] AojoF g
- BP0 4= Fu AAdd tEiA= 03?7} o Folxl mp7E flof, Lohf]
AeiMes SARA] dRFES Fu 3 AFo] g AT dRFES Fuf AA
o g A= A5

o]F #sl Fufl Fel W A ATFE A % st o] Hu el tig
ATE BA Ho] a9 2L WEAFES S5 B
~§P§‘§fﬂl“ Al dE= Aol 23], &l FF

. 5% w=@eo] 248G DIC @u7, SEM @vl4, #8@n7, micro CTE ol &
shel ) AL FHE BASAS
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