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WFIERR IR OBEEE (330 : Recently, “Entognatha-Ectognatha System” has been challenged, and doubt
has been cast on the interordinal relationships within and monophyly of Entognatha from multiple
sources. Entognathy has been regarded as a most reliable “autapomorphy” of Entognatha. | compare the
entognathy formations of Protura, Collembola and Diplura, examine the homology of their entognathies,
and discuss the interordinal relationships and monophyly of Entognatha.

Protura and Collembola are revealed to closely resemble each other in major points of entognathy
formation, such as concerning: 1) the origin of mouth folds, which are formed by the extension and
fusion of terga of intercalary and three gnathal segments, and 2) origin of the postgnathal region of
entognathy, which is derived from labial terga medially migrated and united. However, the entognathy of
Diplura is constructed in a different manner, which is characterized by: 1) the mouth fold is formed by
the fusion of extended terga of intercalary and three gnathal segments and labial coxa, 2) the postgnathal
region of entognathy is derived from labial subcoxae which medially migrate and unite into a form of
postmentum, and 3) the rotation of labial appendages is involved in the entognathy formation. Thus, the
homology of entognathy is well supported between Protura and Collembola, hence the monophyly of
Ellipura may be supported. While the manner of entognathy formation in Diplura is revealed to be much
different from in Protura and Collembola either, hence the homology of entognathy between
Protura-Collembola and Diplura is not always verified, and the monophyly of Entognatha could not be
substantiated.

AR E HE
(SHHEAL - 1)
B [DEEAES & i
2009 4F & 1, 300, 000 390, 000 1, 690, 000
2010 A& 1, 200, 000 360, 000 1, 560, 000
2011 4FFE 1,100, 000 330, 000 1, 430, 000
woORt 3, 600, 000 1, 080, 000 4,680, 000




WHIE5T 8« B R R

B 053 FL - A1H - AR - WS ARIE -

F—U— R, RABEEIRAS

1. BFZEBRAE S M) D75 5

WFFRAREE DIZREEO X —H L 7L —K
D LA F I e — B L TIT e, TINER
Hl=xkBEH(=I~TYLYA+FELVH)
+asy B+ /2 H + W BE B3
(= IH+AARBIH) ]| LONERDNHEE
(AP B IR O @ RCRAICHL T, THRIED
HeAL B L ORI IO RE /3L DOHEAL 282 |
LOBENS, [ h~T A B+ B+
[z B+ A /3B + MBI
(= RE+FBEHE) D) EORREEX
TNEEE ) 23 AL T2,

e, el A % (Kukalova-Peck
1987) | BEHRICEE B R4 HEZ HES: (Koch 2001)
(T NBEE | D AT —F A% E T HTRILH D,
L22L72755, Hennig (1969) DOfE/RL7-N%EEH
KX BOTANEEO | OMFEEICEMZZ L E
WL BIX, 2027 —2 A 3RESH. 5T
—R2LDAL NN LD RRER THRRTH
% (Wheeler et al. 2001), F7=. 57T —&bH
DIHDAFAEZIZ BT (Luan et al. 2005) |
FEERITIE NS OO TN 1 TAX T T
AR

T Ho T, TNEE OBRBIOT-H121F,
PSR A BER] O TN BE O ) O FH [RIME % e 8 L 25k
T AIEN R EEOMRBELERD, T, HEE
HolX, £ aAVEF ALV HORHESE
A %47 (Ikeda & Machida 1998, 2001) . FE" A
v HICBE T BT HFGE L O gk (Uemiya &
Ando 1987) 225, MG (A&’ ilTind e
VOTNBED 172505 1E) OBk, NBEOE
Bz &b 72> TO NEMBIKOBIERD A fELy
HFEERFIZBWT, asy BERE LAY HOW
PHOERRII RESRARDZZEZHONCL, Zh
LT T DR AT B O TN D OFE RN
IELT UL RSN W ED iR A E -,

EHICHFEEDIZND TO~T LY HD%
AR HIRFZRIC B B L7228 (Fukui & Machida
2006 72L) | ZOBFFEICIBW T, F2 PRI B
MeClId D0y, BLREWT — 2% 157-, 372b
L =TV LAY HONERAL, 2 BOEN
CITRRY, ODEoOBFOWENRa L BILT
BB B ROZERIC I DIZR L, =T
VAVH T TEEWROBAICH T %A
WUZ K072 ENBZENHONI T2, 72D
BT AVBEa L BMBICEALTH,
PNBE D OFEFEPE T2 U AR FES L7V AT RE
PR T TE T,

BUE O SHEED & kR AR B b D im O 4
ST EEIEIC B DAL O THY, TNZEEE | OME
— . b MENESN TEIZEAIREE., TN

HZiim 22N R B ThoT,

2. WHtoHB

RO IR sn, TNBE O R
#x D T RE LR T B RA LI TE T2
D3, Gyl A3 D TR TINGEEA | & BEO FER AL
L7z Ags? eBIX N EECHY | REFT 2 KR <GE
FICHEIRL CE T2, ZOIHRTERE -T2 LI
REMasina FI B 32121k, TR R EEtL
TIERO T 7 OB B 5T i E %W
T7a—FRNgb AR THDH, AL, N
HHOME— | BB LI CETz, NIRRT
DOIIAIREIE | THHTNEE O | OB
LR e 528k, LR OBEIZYIDA
HLIETHLDTH D,

3. WFED kL
WEEFE2 3 B, T72bbh~T AV, b

LAVH (ZVMEAVE B E~/LRE AV H D

42 H), asv B (FHasrvdiHENYIa

LAVHiHO22HH) ONFHAO A, FEx O

FFEEBMEL T, AN ORI IR 95,

(1) FT. 82T —VOREINSETYHL
DAPI Yetal | dt e SERBEMEE CREfm I8l
B KT N—T ONE O E R
=75,

(2) [EERZEEME M HREEL,
WSH O 2 SR 72 N RE B 22 I L B
45,

(3) BT N—TDKEAT —VIREHE#RY &
L. S BEMEE, B im B E T MRl %
1TV, NE DR RGE TR 2 N SRS 1 OB S0
HHiET 5,

(4) U LofzgEs2Ric KHEONBEODST
U RTTUEWET D, TNHDOT TR
Tk BRI R BB ISR LR NS
HZEIZXY, R R RS D,

4. WFFERE
WNEEE4 3 B, bbb, A~T7Y AV A, b

AV H (UM AVIEER EVRE AV R O

22MH) ., 2Ly H (FHas il ENYIa

LV HO22HH) ONFHAREE, FEx O

TFEEBME L C, A ORI B LT,

ZTORER, SHONBEADT T RTT0% T

FLOIDNCBR T HZ LN TEIZ,

(1) FELTBIZBWT, DRI KB/
PHe FRAEEENICHEETHZENHLNIC
Tpolz, EAD FTIEMHIEE O EFR TO@A
TSN BRI, Z4H O FTEERD
WRARILEICIVERICEDND, Thbb,



N AT HONE D O% 5L TR AR S
K THD, L EOFERITFICT U AT EE
H2BENNT-H D THDN, — DO~ /LRE
Ll BB AW i B 7e B3RS R R
TAHEITERD BN, WO DRE LY B
DY Emﬂ‘/ﬁk BT AT T L
Wr - B> S i FE DD TR H DO Tdh -
T2, ARBFZEIXZ NS D0 50 W R A
— BT HLDOTHD,

(2) H=T7TLBONEOFERKIZOWTS
FEMCERMRE T AN TET, TORR., I~
TUAVHONEOL, AEBIOWNERN
BITERDOHFKIZBWNT, hE AV BHOZNIT
AEHNC—E T HZENHLN T, T
bbb, h~T7 AV EBONEOEIN AV H
DONEE O IXARIE CTH D ATREME 23R O T
A%

(3) —FH T . 2L VHONEODISTTLRS
FUE.NELV B ATV AVYEDOENE
I SARD TR DT ENRI BN T, T
B M- KB/ NGE TIBRESRIZMA,
TREEMNSOEOERICEM, iz, N3
& 13t RO A B KT 5, SHIC, N
FAOTEEIZ 90 FED TIBA B DEHEAES
BT VAV E, FEAVHEREHER
S>TW5, ERROMEIL, h~T L H—F
EAYHONEA I LY BOFNEHHFEE
THITIEHEVNTRENEDTHY, lH D
FRTRMAE X SRS L2,

(4) utb%\ﬁVY/A/E&fﬁvﬁ@ﬁ
MEITR<IRBE AL, [ B 2570 b K EFE
BUORFMEIX RS X FFES D, — T ﬁz)%’fﬁ
Ly H DLk BEfRZ AT TR T D NS
ORI SN2, SHEORN—

P T —ROPERD R FRI BRI,

B 21X, FATo B3 ELBR S A PRI N 0 D 1
HLUTE, [ h~7V A BHELV B+
(=2 B +4MEE A2 /2 B + W HE XE
(= H+ABEEE) ]I EO ARG
OFEIEL LIS,

5. ERRERLFE
(WP EE . oF
LR

FEor R K OV 24 (1T

CdEsERmSC) (R 3 911)

@ Dallai, R., D. Mercati, M. Gottardo, A. T.
Dossey, R. Machida, Y. Mashimo and R. G.
Beutel (2012) The male and female
reproductive systems of Zorotypus hubbardi
Caudell, 1918 (Zoraptera). Arthropod
Structure and Development, 41 (in press).
(EHA)

@ Dallai, R., D. Mercati, M. Gottardo, R.
Machida, Y. Mashimo and R. G. Beutel
(2012) The fine structure of the female
reproductive system of Zorotypus caudelli

Karny (Zoraptera). Arthropod Structure and
Development, 41: 51-63. (#&&#if)

@ Sekiya, K. and R. Machida (2011) Formation
of the entognathy of Dicellurata, Occasjapyx
japonicus (Enderlein, 1907) (Hexapoda:
Diplura, Dicellllurata). Soil Organisms, 83:
399-404. (##ef)

@ Dallai, R., D. Mercati, M. Gottardo, R._
Machida, Y. Mashimo and R. G. Beutel
(2011) The male reproductive system of
Zorotypus caudelli Karny (Zoraptera):
Sperm structure and spermiogenesis.
Arthropod Structure and Development, 40:
531-547. (&#HiA)

® Thipaksorn, A., R. Machida, C. Nalepa and K.
Maekawa (2011) An SEM observation on the
crest structure of oothecae of a
wood-feeeding cockroach, Cryptocercus
punctulatus Scudder (Insecta: Blattodea,
Cryptocercidae). Proceedings of the
Arthropodan Embryological Society of
Japan, 46: 19-20. (&#HA)

® Fujita, M., S. Shimizu and R. Machida (2011)
Establishing a culture of Eucorydia
yasumatsui Asahina (Insecta: Blattaria,
Polyphagidae). Proceedings of the
Arthropodan Embryological Society of
Japan, 46: 1-3. (&F#HiA)

(@ Shimizu, S. and R. Machida (2011)
Reproductive biology and postembryonic
development in the basal earwig Diplatys
flavicollis (Shiraki) (Insecta: Dermaptera:
Diplatyidae). Arthropod Systematics and
Phylogeny, 69: 83-97. (##iA)

Shimizu, S. and R. Machida (2011) Notes on
mating and oviposition of a primitive
representative of the higher Forficulina,
Apachyus chartaceus (Insecta: Dermaptera:
Apachyidae). Arthropod Systematics and
Phylogeny, 69: 75-81. (& #iA)

@ Mashimo, Y., R. Machida, R. Dallai, M.
Gottardo and R. G. Beutel (2011) Egg
structures of Zorotypus caudelli Karny
(Insecta, Zoraptera, Zorotypidae). Tissue and
Cell, 43: 230-237. (##Hi4)

Wipfler, B., R. Machida, B. Miller and
R. G. Beutel (2011) On the head
morphology of Grylloblattodea
(Insecta) and the systematic position
on the order, with a new nomenclature
for the head muscles of Dicondylia.
Systematic Entomology, 36 (2). 241-266.
(EHeA)

@ Dallai, R., D. Mercati, A. Carapelli, F.
Nardi, R. Machida, K. Sekiya and F.
Frati (2011) Sperm accessory
microtubules suggest the placement of




Diplura as the sister-group of Inscta s.s.
Arthropod Structure and Development,
40 (1): 77-92. (E#if)

@ Oka, K., N. Yoshiyama, K. Tojo, R.
Machida and M. Hatakeyama (2010)
Characterization of abdominal
appendages in the sawfly, Athalia
rosae (Hymenoptera), by morphological
and gene expression analyses.
Development, Genes and Evolution,
220: 53-59. (&#HtH)

@ Niwa, N., A. Akimoto-Kato, T. Niimi, K.
Tojo, R. Machida and S. Hayashi (2010)
Evolutionary origin of the insect wing
via integration of two developmental
modules. Evolution and Development,
12 (2): 168-176. (i)

Zizzani, Z. V., R. Machida, K. Tsutsumai,
D. Reynoso-Velasco, P. Lupetti and R.
Dallai (2010) Ultrastructural studies
on euspermatozoa and
paraspermatozoa in Mantispidae
(Insecta, Neuroptera). Tissue and Cell,
42 (2): 81-87. (i f)

@ Jintsu, Y., T. Uchifune and R. Machida
(2010) Structural Features of Eggs of
the Primitive Phasmatodean 7imema
monikensis Vickery & Sandoval, 1998
(Insecta: Phasmatodea, Timematidae).
Arthropod Systematics and Phylogeny,
68:125-132. (&E#if)

(Fa¥EER] GH4 7140

(D Machida, R. [Invited lecture] Recent
advances in hexapod comparative
embryology and their evidence for
phylogenetic reconstruction. V Dresden
Meeting on Insect Phylogeny, Dresden,
Germany, September 23-25, 2011.

®@ Fukui, M. and R. Machida [Invited
lecture] Embryological features of
Protura. V Dresden Meeting on Insect
Phylogeny, Dresden, Germany,
September 23-25, 2011.

® Tomizuka, S. and R. Machida [Invited
lecture] Embryonic development of a
spring tail, 7omocerus cuspidatus
(Bérner) (Hexapoda: Collembola,
Arthropleona, Tomoceridae). V Dresden
Meeting on Insect Phylogeny, Dresden,
Germany, September 23-25, 2011.

@ Sekiya, K. and R. Machida [Invited
lecture] Embryonic development of a
japygid, Occasjapyx japonicus
(Enderlein) (Hexapoda: Diplura,
Dicellurata). V Dresden Meeting on
Insect Phylogeny, Dresden, Germany,

September 23-25, 2011.

(® Mashimo, Y. and R. Machida [Invited
lecture] Egg structure and embryonic
development of Zoraptera. V Dresden
Meeting on Insect Phylogeny, Dresden,
Germany, September 23-25, 2011.

® Shimizu, S. and R. Machida [Invited
lecture] Embryological features of
Dermaptera. V Dresden Meeting on
Insect Phylogeny, Dresden, Germany,
September 23-25, 2011.

(@ Uchifune, Y., T. Uchifune and R._
Machida Structural features of eggs of
the basal phasmatodean 7Timema
monikensis (Insecta: Phasmatodea). V
Dresden Meeting on Insect Phylogeny,
Dresden, Germany, September 23-25,
2011.

Uchifune, T. and R. Machida Egg
structures and embryological features
suggest a closer affinity between
Grylloblattodea and
Mantophasmatodea (Insecta:
Polyneoptera). V Dresden Meeting on
Insect Phylogeny, Dresden, Germany,
September 23-25, 2011.

@ Fujita, M. S. and R. Machida
Postembryonic development of
FEucorydia yasumatsui Asahina
(Blattodea: Polyphagidae). V Dresden
Meeting on Insect Phylogeny, Dresden,
Germany, September 23-25, 2011.

WY #E— BB [P A ] AR TR S O &
B — NIEIZ I U DR E IR D% RE 431t
DOHELIIEE —. FH71EIHARRRFEEKR
EEMKRZF, 20114E9H 17-19H.

@ Fukui, M. and R. Machida [Invited
lecture] Embryonic development of
Baculentulus densus (Imadaté)
(Hexapoda: Protura, Acerentomidae).
VIII International Seminar on
Apterygota, Siena, Italy, September,
12-16, 2010.

@ Machida, R. [Keynote lecturel
Phylogenetic reconstruction of
Apterygota: A comparative
embryological approach. VIII
International Seminar on Apterygota,
Siena, Italy, September, 12-16, 2010.

@@ Sekiya, K. and R. Machida [Invited
lecture] Entognathy formation in
Diplura: Phylogenetical implications
(Hexapoda: Diplura). VIII
International Seminar on Apterygota,
Siena, Italy, September, 12-16, 2010.

(Z Dfth)



= B_— U5
WRAERE R — L=
http://www. sugadaira. tsukuba. ac. jp/
machida/mushi. html

6. WFIEE

(D) W7 Rz

BT FE—HF (MACHIDA RYUICHIRO)
KT - EMBREER - HR
W&« 50199725



