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F2t0-=(Hexapoda)2| 25

Subphylum Hexapoda [£2to}2]
Superclass Entognatha
Class Collembola [EE7]7%]

Class Protura [ 7]

Class Diplura [£+0] 7]
Superclass Ectognatha
Class Insecta [237%]
Subclass Archaeognatha
Subclass Dicondylia
Subclass Pterygota
Infraclass Palaeoptera

Infraclass Neoptera

Order Entomobryomorpha [ BEE7|2] &3 30& 1112
Order Neelipleona [Z12 2 o5t EE 7| 2] 11212
Order Poduromorpha [E=7| 5] 83484 1435

Order Symphypleona [E-1EE 7| 2] 61 142 272
Order Acerentomata [Wghe] 2] 13 92 10

Order Eosentomata [gte] 2] 13} 14 4F

Order Sinentomata [F-2wde|2] 134141E

Order Diplura [F20]5] 233455

Order Archaeognatha [E£2] 1352 122

Order Zygentoma [£E] 13 2% 3=

Order Ephemeroptera [&}5-40] 2] 138 35& 81
Order Odonata [Z-42] 2] 122 602 1242

Superorder Polyneoptera

Order Blattodea [9}5}2] 43 82 142

Order Mantodea [A}0}7]2] 23 62 8E

Order Dermaptera [ A8 &1 5] 52 134 24%

Order Embioptera [21Av]&e|2] 121 1Z

Order Grylloblattodea [F]5F &}u|2e|2] 13 2 72
Order Mantophasmatodea [t &g e|E] 5= 0|22
Order Orthoptera [W57] 2] 1281124 1762

Order Phasmida [fie€ 2] 23 34 55

Order Plecoptera [Z=#%] 102 354 885

Order Zoraptera [91'9 %] 5= 02 %

Superorder Paraneoptera

Order Hemiptera [:=2142] 951 9424 2,1405
Order Psocodea [cHEo| 2] 233 442 675
Order Thysanoptera [37 @1 %] 31 492 843

Superorder Endopterygota

Order Neuroptera [E%4-2] 2] 94314 515

Order Raphidioptera [efcfi#| ] 13414 22

Order Megaloptera [i54-2 5] 23} 4% 8%

Order Coleoptera [ ¥ d12] 1122 1,680 4,520%

Order Strepsiptera [%-44#| 2] 23 5% 95

Order Diptera [¢}2] 2] 823 776% 22265

Order Mecoptera [R 0] %] 33 3% 155

Order Siphonaptera [HE2] 53} 24% 42Z

Order Trichoptera [S=#E] 251 66 2205

Order Lepidoptera [W}i}£] 723t 1 6442 4,0195 22|
Order Hymenoptera [€2] 653} 1,066 3,806% ='o
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O
=20} (Hexapoda) - i1 Z(endognathous insects)
|
Subphylum Hexapoda [82}e}2]
A= o -1 - Superclass Entognatha
> Chadt BE) DHAS 22| A0l 2A|S(wingless) LIPS Class Collembol (527121
Order Entomobryomorpha [ R EE7|2] 53 30 1112
Order Neelipleona [ 2 Tols 1 EE7E] 141412
Order Poduromorpha [E%7| ] 83 484 1438
. Order Symphypleona [51EE 2] 63145 272
> L& = (endognathous insects) Class Protura [42)7]

Order Acerentomata [Wete]| 2] 131 9& 10E
v 2E 0 7 2 O|-_7»,7~_ o|x Order Eosentomata [<uido]| 2] 13} 1% 4
TS | |- D-| | — _'O” T | Order Sinentomata [Z-&wdo]2] 1312412
Class Diplura [£8°] 7]

v D-l E"l 9|:I’-I§Q_| %% |' Ol—EH mgi A2 Order Diplura [E¥0]2] 23 3% 55

o
Y=+ 0= > 2E/A2H0| s AHA =

=
v O S0| 2A0tE| ol Ojt 52 255 €

0

M L{(pouch) &g

AN

v 2=0iH =10t 79
v 8= 20 = =2 7t 4ES(871 O[3t

v ISk Z(class) : WHEFO|Z(Protura), £ & 7|4 (Collembola), Z& 0| X (Diplura)




Order Entomobryomorpha [2 B EE7|E] 51 30 1112
Order Neelipleona [FH2 2 0ol 2557 E] 1414128

Subphylum Hexapoda [82}o}-&2]

Superclass Entognatha
Class Collembola [E=7]7]
Order Poduromorpha [S=7] 5] 82 484 143%
Order Symphypleona [E2EE7|E] 63 144 27F

Order Acerentomata [Wide]£] 13 9£ 19Z
Order Eosentomata [Sidte| 2] 13 1 4Z
Order Sinentomata [F-2452o|E] 1341515

Class Protura [Wo] 7]
Order Diplura [E2°]2] 23434 55

74'0|-—E—(Hexapoda) - L|+1Z(endognathous insects)
Class Dipluia [E=°14]

e =y =
> SEfata 5
v 2111(0.6~1.5 mm), SlAo| R Z2I0tE M=
Vel dE 2Y, 4l HE0| 2
vV ZEH2US s oo, SASS HAUO 21 286l e 2 ol e
v rie] e 27t 7|5, IS0\ Y SI%S B
v e =010 =10t
v 25 1~301C[0)| BhS(styli) 27
v 452 55 12010 &Ql(Fel=0f= 90tC| O] X|TH 31| EMTl| & Z 1} &ZF 2 2 OfC|(telson) 271 &)
St =
> Aefsta 52
vV 5ot EY = FAlE, R E(leaf mold), LIS 41| Of2lj, FAIZ Q| =2 SOi|A] et
v BAIZ0| Q7|2 (organic matter)2} 20| I Z}(fungal spores, mycelia) A4%]
> S0|Arat
v 19073 Silvestriol| Q|5 {202 &HAH| A
==, 1979)
ClILIHIO|2 HOLIHIO|2) 24Z 7|2
)P AN |—|, DT A2 |—|)24o |—|) Acerantomon doderoi

v A NA 2E(=A1Y A L)
CHE =50 vlo FEfO| E=t7t Befstt] =/ 57| 022

v

v Q72| 9 75001F 7| = (Koch, 2009) (Ul 3=(H 20| =
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Ol 2(Hexapoda) - L{72Z¢(endognathous insects)

2 PO P po Acerentomidae
0| Z(Class Protura) R

Silvestridia \
Acerentomon
Bolivaridia Yamatentomon
Berberentulus Nipponentomon X
B Acerella Eoscntomidae
Gracilentulus Silvestridia » Acerentomidae
Acerentomidae L/’\I'l:él'olg Bolivaridia
A Berberentulus
Acerentomon Gracilentulus
Ni Australentulus a2 19, wej B FH&cis(Yin, 1974)
) lpponemomon
Acerentulus J
Acerella 5
Protentomon
Acerentulus J Proturentomon
Condeellum Protentomidae
1 Fujientomon
Protentomon
Hesperentomon |
Proturentomon
Prataiomidas Sinentomon Sinentomidae 4 2UIHI0| =
Condeelum
Eosentomon Eosentomidae
Hesperentomon )
. ‘ lILIErOl 2 (Imadate, 1966)
osentomon Eosentomidae /\Aeolﬁ

(Tuxen, 1963) O 1. ybiro] Zb&o] A%




Y

_|\l

0| Z¥(Class Protura)

ULHOR 22 D5 HElH 2

v 7120, KIS0 22 o Aol 50| A=A

v 2289 ot 2210| ERF0 B 2| &It 2RI 7|7 A=A

v 2EO| E8E0| S5, #E5t X

v 2I2E 9] sostegnoAt7 HICHE| U =2], Sl=A

v BHOIC| Ot 57|12 S A 71R=2], 1,281 OHC| O 2F QU LE 22 24%Y BHOHC|of 2F
v LZ40| AHAITHO| BHZ 7|7t JUCE F 22| HIHEY|= U= A2 Qe A= JUS

"OI-—E—(Hexapoda) - L|+1Z(endognathous insects)

Subphylum Hexapoda [£2}e}2]
Superclass Entognatha
Class Collembola [E%7]7%]

Order Entomobryomorpha [2 B EE7|E] 51 30 1112
Order Neelipleona [Z22 Tolz 1 EE 7 E] 14115
Order Poduromorpha [EE7] 2] 87 48 1432

Order Symphypleona [E525E 7| 2] 61 14% 273

\Class Protura [Webe] 7]

Order Acerentomata [Who] £] 129 193
Order Eosentomata [vhdke] 2] 13} 1% 42
Otder Sinentomata [FHautde|E] 134112

Class Dipluta [Z=o14]

Order Diplura [££°]5] 23434 52
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"OI-—E—(Hexapoda) - L|+1Z(endognathous insects)
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=202 (Hexapoda) - Li 1 ZH(endognathous insects)
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74'0|-—.'?_—(Hexapoda) - L|+1Z(endognathous insects)

Table 3. Proposed evolutionary steps of characters
utilized for the cladistic analysis of Protura.
muuthparts ——
| foretarsus O T T T T e T e s
! Yo....Charscter, Erimitive statacderived state. oo coveeces
- 1 Sensilla t-1 claviform(1l) /baculiform(2)
- 2 Labial palp terminal tufe(l) /3 setae(2)/2 setae(3)
with
Sensilla b’ present(l) fabsent(2)
& Posterior setae present(1l) fabsent(2)
on Stern.VIII
| gsensilla a' sensilla-like(l) /sword- or vaseshaped(2)
[3 pla' on terg. absent(l) /present(2)
I-1v
" abdominal 7 pla on terg. present (1) fabsent(2)
appendage I-
8 pha on terg. present(1) fabsent(2)
-
9 Sensillae d anterior to b-c(1)/b-c-d on line(2)
b-c—d
10 Sensilla ¢ d(1) /b(2)
close to
11 Sensilla f e or midway(1) /g(2)
————— scriate band close to
12 t=3 shaped as a jar,knob or willow-leaf,short(1)/
awl-shaped,long(2)
13 No. of anterior even(l) funeven(2)
setae in terg.
I-v
S 14  do. on terg B(1) /6(2) f4(3)/ 2(4)
S e 11V
N n ©
. I - 15 do. on terg. BO1) /R(2) JA(Y)
.lll‘ ‘\I".
. 16 do on terg.VII B(L) /6(2) /4(3) /2(4)
T\'; 17 do on terg.VIII 6(1)/4(2)
s 18 do on stern.XI 6(1)/4(2)
ﬁ;" 19 Teeth on Comb 7-10,small(1l) /mostly 5,stronger(2)
o N VIII
,'MM""'-"‘"""' fy 20 Canal of max. without excrescensies(l) /with excrescensies(2)
gland

Fig.l External feature of Frotura.A,doraal view;

B,ventral view;C,pleural pectine on abdomen VI;D,
comb of abdomen VIII:E,female squams genitalis;F,

that of wale.

Table 4D. Raw data matrix of 4 genus characters.
s Characters
No.| Genus Specific name 1 2 3456 7 B9 1011121314 1516 17 18 19 20
] Ancestor 1111 1y1 111t 1l
| | Berberentulus | B.amazonicus 1222211121122 2231111
2 B.berberus 122 2212221111113 1 211
3 B.brasilianus 1222211121122 11111z21]
4 B.buchi 1 2222111211112 3 421211
5 B.capensis 1 222 2111211111121 111
L] B. hagmannarun 12222111121 222211111
7 B.nelsoni 1222211121111 2121121
bj ‘B.ovei 1 z2 21111211 2222211721
9 B.polonicus 122221222111 1113 2211
10 B.rennellensis 12222111 211112342211
11, B. tannne 1 2 22 2111 21111 2 242211
12 B, travassosi 122221112111 12121111
13 B.tropicus 1322 211212111111zl 2
14.| Amphientulus A.mestuarii 12122111 221112221111
15 A.alienus 1212201221211 12221111
16, A.ambiguus b2 1220121 1211012221111
17. Sdurumagi 1211211111111 2121111
18, A.gnangarae 12112212211 12211211
1 A.sinuosus 1212212111 11122211 12%1
20, A.validus 1212210212002 01010 %
21| Baculentulus B.becki 2 2 12 1 1 1 & bt 21112 21 1 2 21
22 B. besetuli 22 2 221121111 2 2 4 1 2 21
23, B.breviunguis 222221 1121111221311 101
24 ) B.densus 2222212121y 1222001001
25, B, dusngkeol 222221 112111122311 11
26 B.evansi 221 221112111122 422 21
17 4 B, lanna 2222211121111 22312111
28. B.leptos 2222112211012 2301211
29, B,macqueeni 222221 222111122231 211
30. B.matsuokai 2222211121111 2231111
al. B.morikavai 2 2222111211101 2121111
32 B.nipponicus @ 2zz2z 22111 212112121111
13, B.nitidus 2222211121111 22472211
34, B.numatal 21 21 211 111112242211
35, B.nyinabitabuensis|{ 2 2 1 2 2 1 1 1 2 1 1 1 1 2 % & 2 2 21
36, B.ogawai 221 22111 2111122411011
ar. B.oginoi 2222211 121011123 41101
38. B. pseudonitidus 2222211121111 22421211
39 B.samchonri 2222211 1211112111111
40, B.seychellensis 2 222 111211112231 211
Al B.tatuoi 2 2222 1112111121 21111
42 B. tosanus 2222211121111 2121111
43, B.tuxeni 2212111112111 1211221
44 B.umesaoi 2222211 1211112231111
45, B.weinerae 222221 2121121 2221111
46 B.yodai 22222111 211112342111
47, B.yunnanensis 2222111 1211112241211
48 Neobaculentulus | N.hennanensis 2312212121111 2131111
49 N.izumi 2312 2121211112231 111

Q10|24(1989) A{AtS}S)

CoN=]
(L




"0}—.'?_—(Hexapoda) - L|+1Z(endognathous insects)
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Fig,.5D. Cladogram of 49 species in 4 genera.

Solid lines designate formerly Berberentulus species,
separated in the new cladogram.

Broken lines designate formerly Baculentulus species, but
separated in the new cladogram.

Dotted line indicates Amphientulus.
Cross line indicates Neobaculentulus. _
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"0}—.'?_—(Hexapoda) - L|+1Z(endognathous insects)

Subphylum Hexapoda [§2}o}2]
Superclass Enfognatha
(Class Collembola [EE7] %]

Order Entomobryomorpha [2 B EE7|E] 53 30 1112
Order Neelipleona [FH2 2 0ol EE 7| E] 131412
Order Poduromorpha [EE7] 2] 83 482 1432

Order Symphypleona [E1EE 7] 2] 63 142 275

Class Protura [Wo)7}]

v %OI Z'I-% _T"—_%(O'ZNJ‘O mm 75'5) Order Acerentomata [Wee] £] 13 94 19Z
v AAS BIAN BIAH L-2EAL A SO ZEM S BO|7} QS vt Smentomta L S 3] 13115 12
v HE0|= 4~601C| (X 30}C|0f1= LHAI2S Z3h cliss Diplua 1] Order Diplura [£401%] 2334 55

v =2 AL YIS FD sTHo| g Y| )

a8
v 450|728l 220|0,
v 752 30t 0[LE TS f

v Ch2|= 400 2 £|0f Qle D, FEu FH 2 Refk[0 25 H(tibiotarsus) O| &

v H{Q| 1, 3, 40} B0 1842| Sttt BL2| 27 / SO O = A7 US.

v' 2|3, 4 OIC| HYZHO| = Z+ZE B 3]|(retinaculum)} &=2F7|(spring tail, furcular) 5 2 75~100 mm & £ QU S.

v REES OV QAHOL EZ €5 /US.

Neelipleona

v HFE Msctl 5707t e EY {0[L HE, {2 SLIF &, LIFEZE ALO|=+0]7[0f A4
v AE, Md/E80], 2718, S22 2823 g4/ ZEET| O HREE 2 40t U= A= 7t 715l

O|A}El Entomobryomorpha | Poduromorpha

=
=
v A NA 2E(=A1Y A L)
v

AR O 8,60001% V|2 (U 4R(LEEET |2, ASENOISIEEI |2, E57|2, SREET|2) 2825 7|5)
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=
v/ 2BtH(common name) : springtail
v

=
L QF7|(furcular)

¢ 210| : 36 mm

v AL EQF HEHO| 2F100,000/m?3

Figure 7-3  Mackenziellia psocoides Hammer, female
(Mackenziellidae).

"OI-—.'?_—(Hexapoda) - L|+1Z(endognathous insects)

fat3) OC| OFHBHOY 2%, & U= 22 ofefZo| Y22 Srat
C
c

post-antennal
Th.l orgon
)

coxo
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retinoculum
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0-5 mm

C——————————
mucro maonubrium
' A
dens

onol papille eye oantenna

precoxoe

R

monubrivm

\
oral cone

tibio-tarsus

| 0-5 mm
clow —_—

empodium

: ujt] 2o} 2 (Arthropleona) B : $2&0}2 (Symphypleona)

Al 1. £E719 2F R A=) (Wallace F)

Figure 7-2  Springuails. A, Podura aquatica (L.) (Poduridae); B, Pseudachorutes aureofas-
ciatus (Harvey) (Hypogastruridae); C, Onychiurus ramosus Folsom (Onychiuridae);

D, Isotomurus tricolor (Packard) (Isotomidae); E, Entomobrya socia Denis (Entomobryi-
dae); F, Tomocerus elongatus Maynard (Tomoceridae); G, Neelus minutus (Folsom) (Neeli-
dae); H, Sminthurus floridanus MacGillivray (Sminthuridae) (Courtesy of Peter H.
Carrington and R. J. Snider.)




=202 (Hexapoda) - Li 1 ZH(endognathous insects)

2 EE7|Z(Class Collembola)

A : Corynephoria sp. B : Katianna oceanica

a8l 2. ¢5 E7]7 (Rankin)

Hypogastrura manubrialis

J#l 6. B.25E7] 7 (Rankin)

02mm

A :olglEE7]%} B ! Isotomidae
agl 3. vt} BobE (Rankin)

A : Lepidosira sagamartus
B : Mesira longicornis

a8 7. =€ 7]} (Rankin)

Achorutes sp.
a8l 5. 425 573 (Denis)
1@l 4. Poduridae (Denis) //\

Tomocerus elongatus

/1 v/
S / a8 8. 7HA 5 E7]% (Maynard)
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Animal Systematics, Evolution and Diversity

New Records of the Genus Isotomurus
(Collembola: Isotomidae) from Korea

Hakseo Kim, Kyung-Hwa Park”

Department cf Biology Education, Institute of Science Education and Institute of Fusion Science,
Chonbuk National University, Jeonju 54856, Korea

ABSTRACT

Tevor species of the senus Soraroy Boroer are new by reconded o Koreac 7 Deeees Chinstiansen and Bellmger, amd

Lol Bagnalll These species e collectad from salt marshes near West Seaof Korca, The Koncan materials of

reed well withe e original description by Christansen and Bellinger fom Nooth America. mits peculioe

by pattern. with v long crlimed setae an tibatarsus of hi ve. muliscetaceous Taeral Bap of ventral e amd

the presence ol woanucromal Ltvral setia, Dedonierns pvimesaes 15 also casily wdentified Tome other fsefoemmres spoecics

by the pecalion colour patterm. and the prescoce of Tog masallaoy lamella 1 and aonocronal seta.

Keywords: isofomurus bimus, lsotomorus plumeosus, sprngtail. hygrophilous, salt marsh. taxcnomy

norws bimus Chnistiansen & Bellinger. A, Eyes; B, Pestantennal organ; C, Claw; D, Distal part of Leg. III; E, Mucro {latral);
us bimus Chrnisiansen & Belinger. A, Body shape; B, Sense organ of Ant. LI, C, Labrum; D, Labial palp; E, Maxil-  §, Mucro
scale bars: B, E-=2pm, C=10um, D=3um

orsal). Scale bars: A, C=10pm, B, E, F=2um, D=20um
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Korean J. Syst. Zool. Vol 26, No. 3: 233-242, November 2010

First Records of Three Collembolan Species
from Korea

Sang-Gyu Kang and Kyung-Hwa Park*

Department of Biology Education, Institute of Fusion Science, and Institute of Sdence Education,
Chonbuk National University, Jeonju 561-756, Korea

ABSTRACT

We report three collembolan species in Entomobryidae previously unrecorded from Korea: Homidia socia
Denis and Homidia nigrocephala Uchida from aquatic or semiaquatic habitats, and Enromobryva tokunakai
Yosii from several forests. These species are redescribed.

Keywords: Entomobryidae, Homidia, Enfornobrya, hydrophilous, aquatic springtails, Jeonjucheon (stream)

Fig. 2. Color patterns of Homidia nigrocephla Uchida. A, Specimen from Eonseokayo, Jeonjucheon (stream) (7 May 2006); B, Speci-
men from Seungamgyo, Jeonjucheon (stream) (16 Apr. 2006); C, Specimen from Eonseokayo, Jeonjucheon (stream) (16 Apr. 2006);
D-F, Specimen from Eonseokgyo, Jeonjucheon (stream) (30 Apr. 2010).

Fig. 1. Color patterns. A, Entomobrya tokunakai Yosii; B, C, Homidia socia Denis.
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Korean J. Syst. Zool Vol 26, No. 3: 233-242, November 2010

First Records of Three Collembolan Species
from Korea
Sang-Gyu Kang and Kyung-Hwa Park*

Department of Biology Education, Institute of Fusion Science, and Institute of Sdence Education,

Chonbuk National University, Jeonju 561-756, Korea Fig. 3. Entomobrya tokunakai Yosii. A, thoracic and abdominal chaetotaxy; B, head dorsal chaetotaxy; C, anterior face of ventral Fig. 4. Homidia nigrocephla Uchida. A, thoracic and abdominal chaetotaxy; B, head dorsal chaetotaxy; C, dental spines, right side;
tube, right side; D, prelabral and labral setae and papillae; E, antennal segment (Ant.) IV apical bulb; , tenaculum; G, mucro; H, D, anterior face of ventral tube, right side; E, prelabral and labral setae; F, mucro; G, antennal segment (Ant.) IV apical bulb; H,
trochanteral organ; I, hind claw. Scale bars: A=300 um, B=100 um, C, H, =50 um, D-G=25 pm. hind claw. Scale bars: A=300 um, B-D=100 um, E-H=50 um.

OEEEEET THREET

A

ABSTRACT

We report three collembolan species in Entomobryidae previously unrecorded from Korea: Homidia socia
Denis and Homidia nigrocephala Uchida from aquatic or semiaquatic habitats, and Enromobryva tokunakai
Y osii from several forests. These species are redescribed.

Keywords: Entomobryidae, Homidia, Enfornobrya, hydrophilous, aquatic springtails, Jeonjucheon (stream)

Fig. 5. Homidia socia Denis. A, thoracic and abdominal chaetotaxy; B, head dorsal chaetotaxy; C, dental spines, right side; D, anten- 2 | =E4 EEE 7
nal segment (Ant.) IV apical bulb; E, prelabral and labral setae and papillae. F, mucro; G, hind claw. Scale bars: A=300um, B, C= == =
100 um, D-G=50um.
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o e | |
v 2 37|:7mm 0|3} /30~50 mmOf| &5t= 2E Q2.
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v Ch2| #4210t
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L7222 Ofei M

i

> SO0|Are
v MA|0|| 2F 800F 7| & (3% 72t 77<) (Galli and Rellini, 2020)
v 2 12(EL0/2) 5% 7|2

Subphylum Hexapoda [£2}e}2]
Superclass Entognatha
Class Collembola [E=7]7]

Class Protura [Wo)7}]

Order Entomobryomorpha [2 B EE7|E] 51 30 1112
Order Neelipleona [Z22 Tolz 1 EE 7 E] 14115
Order Poduromorpha [EE7] 2] 87 48 1432

Order Symphypleona [E525E 7| 2] 61 14% 273

Order Acerentomata [w1de]£] 119 192
Order Eosentomata [ E] 13 14 45
Order Sinentomata [F-245hde| ] 14 151E

Class Diplura [E£0] 7]

Order Diplura [££°]5] 23434 52

Antenna
Labrum
Mandible
Maxilla
Labium

Coxa
Trochanter
Femur
Tibia

Tarsus
Abdominal appendage
Eversible sac

Pretarsus

Cercus

A : Campodeidae (Campodea)

B : Anajapygidae (Anajapyx)

C : Japygidae(Holojapyx)

7 1.£E0] (%) (Borrory)
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Biogeographia — The Journal of Integrative Biogeography 35 (2020): 51-69
https:/doi.org/10.21426/B635048595

The geographic distribution of Protura (Arthropoda: Hexapoda):
a review

LORIS GALLI", IVANO RELLINI

Department of Earth, Environmental and Life Sciences (DISTAV), Genoa University, (Italy)

* email corresponding author: loris.galli@unige.it
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Figure 2. A) UPGMA clustering using Jaccard similarity
index on data of regional presence/absence of Protura
genera in the biogeographic regions. B) Same as A based
on data about subfamilies.

M Ancestor

W D. tristani
B. huetheri

D. tristani
B. africanus

Figure 4. History of distribution of three Gondwanan
taxa:  Delamarentulus  tristani  (Silvestri, 1938),
Brasilentulus huetheri Nosek, 1973 and B. africanus
Tuxen 1979. A) Triassic hypothetical distribution of the
ancestor of each taxon. B) Cretaceous distribution after
the separation between South America and Africa (maps
from Lindeberg, 2001, modified).

"OI-—E—(Hexapoda) - L|+1Z(endognathous insects)

Madagascarentomon

. Amazonentulus
i Nearctic Andinentulus
M Palearctic Brasilidia tulus
Neotropical s
Afrotropical
M Oriental o
M Australian -~

Figure 1. Genera endemic to individual biogeographic regions. Palearctic is split into western and eastern parts (see text); *

indicates genera shared between them.

Genera
% Condeellum
® Paracondeellum = |,

® Neocondeellum

'S
- -

Figure 3. Distribution of Protentomidae Condeellinae (based on data from Szeptycki, 2007; Bu et al., 2019).
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European Journal of Taxonomy 731: 1-46 ISSN 2118-9773
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Research article
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Asian cave-adapted diplurans, with the description of two new genera
and four new species (Arthropoda, Hexapoda, Entognatha)

Alberto SENDRA'!, Ana KOMERICKI?, Josiane LIPS, Yunxia LUAN", Jesis SELFA® &
Alberto JIMENEZ-VALVERDE®

'Colecciones Entomologicas Torres-Sala, Servei de Patrimoni Historic,
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South China Normal University, Guangzhou, China.
*Departament de Zoologia, Laboratori de Investigacié d’Entomologia, Universitat de Valéncia,
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®Research Team on Soil Biology and Subterranean Ecosystems, Department of Life Sciences, Faculty
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* Corresponding author: alberto.sendra@uv.es
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Figs 1-4. Cave-adapted diplurans from Win Tin Twin Cave, Ywangan karst, Shan State, Myanmar.
1. Anisuracampa ywangana Sendra & Komeri¢ki sp. nov., with Diplopoda at 300 m from the entrance.
2. Mueggejapyx brehieri Sendra & Komericki gen. et sp. nov. at the same site. 3. Speleothems in the
main passage of the cave. 4. Entrance to the cave. (Photographs: Ana Komericki).
I
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Figs 65-70. Mueggejapyx brehieri Sendra & Komericki gen. et sp. nov. 65. Last antennomere with
placoide sensilla (ps). 66. Distal antennomeres with placoide sensilla (ps). 67. Central antennomeres.
68. Proximal antennomeres, ventral side. 69. Head, dorsal side. Abbreviations: see Material and methods.
70. Proximal antennomeres, dorsal side.

99 el ]

Figure 98-99. Distribution maps of cave-adapted diplurans in Asia: Campodeinae Condé, 1956 (red
circles), Plusiocampinae Paclt, 1957 (black circles), Lepidocampinae Condé, 1956 (brown circles),
Japygidae Haliday, 1864 (red squares). In yellow: karst areas (source: Chen et al. 2017). In orange:
deserts (source: Olson & Dinerstein 2002). In violet, encircled by discontinued line: hypogean karst
systems (source: Klimchouk 2007). 98. In blue: ice cover and permafrost extent during the Last Glacial
Maximum (sources: Ehlers er al. 2011; Lindgren er al. 2016). 99. In blue: areas covered with either
continuous or patched permafrost at present (source: Brown er al. 2002).
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Protura(<2f0|2Z), Collembola(EE 7|2, Diplura(Z2£0|2) 2 A|2| ¢t

2=Zk(Insecta)

"Ellipura” —»

2 7ot boay Protura

W‘\\ Collembola
MM Diplura

l
Thysanura s. 1ato —mt
|

%g@{"& Archaeognatha

-‘@% Zygentoma

Insg cta

__.== Ephemeroptera

L—l‘D‘lZl %(Order)ol _E_%(Insecta)oﬂ 6H l:C—)I-EIZI'I || "Pa.laeopl‘era"—-:' ‘a;;ﬁ- Odonata
& Plecoptera
= E = = = L] g¢ii>—  Isoptera
o 30 = O| LZO0| |40 2Lt g/ T
M
B . i /Q/% »,\ antodea
Insecta (2= HEE < Gryoblatiodes
' 4 ~ g _Ed 3 ,C Mantophasmatodea
EIA 0 AR v ¢ r—D‘gﬁ Phasmatodea
5 Apterygota (_I_ | |-O; /n\@ﬁ%ﬁl) /1 L %‘%::qr{'"x Embiidina
\“’A_.:‘:F: Orthoptera
L Pterveota O AlOFZ2E % bt ) — @{:ﬂf Dermaptera
ygota (RA|OHY, B nc i) [ e oo
2 ﬁ:} Psocoptera
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v B g_ X}_{%ﬁ}- Thysanoptera
* & e Hemipt
L Neoptera (AIA|7, #73%8) pe =R
«> Neuroptera
L] 5 Megaloptera
— Orthopteroid (|57 | 2 5%) Raphidioptera
Coleoptera
. . ) S '
L Hemipteroid (=2 EF ) p - Svepspiea
%_ = Diptera
_§ Mecoptera
— Endopterygota (LHA|-§|—) ; Siphonaptera
. s w Trichoptera
. § év’@‘&& i Lepidoptera
(Insects : An Outline of Entomology, p.182)
~ @t:,,,— Hymenoptera
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Large compound eye antenna

Humped thorax

Flattened body

\
. \
\ \
Scales (Lepismatidae only)
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Cercus

—
Central filament
Central filament
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EZ 2 (Archaeognatha)

78
QlutH(Common name)
S2l(Derivation)
37|(Size)

B Elj(Metamorphosis)
& I (Distribution)
7|2 DH(family) 4=

HAI 718 & 4

- o T

Superclass Ectognatha
Class Insecta [Z57}]

Bristletails
Gk. arkhios-ancient; gnathos-law
7-15 mm
2 HEl(Ametabolous)
A MIA
2
350 (0.04%)

Subclass Archaeognatha

Order Archacognatha [E552] 174 5& 12&

Subclass Dicondyha

@ Archaeognathans use
accessory abdominal styles
when walking or running.

Order Zygentoma [55] 11 2<% 3&
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=Z = (Archaeognatha)

@ ,?&\ loteral ocellus
‘;l'.’ < 7
AKX

condyle
tergum

coxal plote

coxal style F sternum exsertile vesicle style exsertile vesicle style

. Allomachilis 2] =i 2]
: Nesomachillis®] &€ ;
: Allomachilis®] Z&8 £F 7% (F3)

: Nesomachillis®] ZL € 4+8 715 (£#)

A
B
(&
D
E : Allomachilis®] o}2i] &3} &
3
G
H

: Allomachilis®] 7H5 B GH (224 %)

: Nesomachillis®] ¥} 1 ~ 2 vjr] vjH . ; " 3 3

:Allo(:nachilisﬁl ) 1~ 2 ojr] i A : Allomachilis froggatti (57) B ! Nesomachilis austrabcus(7)
a8l 1. EF59 ¥e(Quick, 1979) 8l 2. &2 A& (Quick, 1979)
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Maxillary palp

=== (Archaeognatha)

Large compound eye

\————Long multi segmented

Humped thorax

/ 3 antenna
/ 9 Style
v B \,
3 \
\\
\
\
\
Style

Cercus

i
i
i
|
i
|

Central filament

Figure 8-1 A, A jumping bristletail (Meinertellidae), female;
B, Same, ventral view of abdomen. ant, antenna; cr, cerci; cx,
coxa; cxp, coxopodite of abdominal appendages; e, compound
eye; fm, femur; Ip, labial palp; mcf, median caudal filament;
mxp, maxillary palp; n,_;, thoracic nota; oc, ocellus; ovp,
ovipositor (in A the gonapophyses forming the ovipositor are
shown separated at the apex); stn, abdominal sternites; sty,
styli; t, terga; th, tibia; tr, trochanter; ts, tarsus.
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Two New Species of the Genus Pedefonfinus
(Archaeognatha, Machilidae) from Korea

Geum-Hee Choe and Byong-Soon Lee*

Depariment of Life Science, College of Sclence and Technology, Jeonju University, Jeonju 560-758, Korea

Two new es, Pedetontinus aureus and Pedetontinus rhombeus are
described. tonﬁnus aureus is l:haraclerlzed by the peculiar scale
pattern and long ovi and Py the large body
SlZE and field of short suberect setae of Mi:le III of maxil lary palpus. The

to four two new species of

gen
this study in Korea, Descriptions, remarks md hiuloglca! notes are given.

Kerean J Biol Sci 5 179-185 2001

. Pedefoniinus aweus . nov. A, Head, frontal view with
pngmem-nmm basal portion. C, Median segments (16, 17th} of flagelum. D, Mandible with pigmentation, anterior view. E, Apical porlion of mandible
F. Manna and its palpus of male with chastotaxy and pigmentation. G l.,amum and its palpus of male with pigmemation anﬂ cﬂaemtauv H, Hlnﬂ\eq
. antefior view wnm pigmentatien &nd spines, 1, Uroatemum Urestarnum ale with peris and

e. M, Urosternum Wi of female. N Ummmun [ of female. O, Urosternurm (X of o, P, Basal annuli (7, 8th)

hypodermal pigmentation foculi, golden yellow area dotied). B, Antenna with

anterior gonapophysis of tomie. G, Median o (25, 26th of anterior gonapop!
physis. Scale

H Aﬂtﬂmnudmwm is. S, Apical annuli of
bars = 0.1 mm (A, S), 0.2mm (E, P, Q) 0.5mm (B-D, F. mem {A) v

Fig. 4. Pedetontinus rhombeus sp. nov. A, Head, frontal view with hyoodermal pigmentation (ocull, golden yellow area dofted). B, Antenna with
.umrmnm on basal portion. C, Median segment (30th) of flagellum. O, Mandible with pigmentation, anterior view. E, Maxilla and its palpus of male
with pigmentation. F, Maxillary palpus of male with chastotaxy. G, Maxilary palpus of female with spines. H, Labium of male with pigmentation. I,
Labial palpus of male with chastotaxy. J, Hindleg of male, anterior view with pigmentation. K, Hindleg of maks with spines. L, Urosternum v of mala.
M. Urosternum Wil of male. N, Urostemum Wi of male, O, Urostemum (X of male with penis and paramere. P, Urosternum v of female. Q,
Urcsternum VIl of female, A, Urostemum Wi of female, S, Urosternum X of female. T, Basal annuli (13-161h) of anterlor gonapephysis of female. U,
Median annuli (37-40th) of anteror gonapophysis. W, n\pl:a] annul of anerior gonapophysis. W, Apical annuli of postenor gonapophysis, Scale bars
=0.2 mm (V. \L) nammrr.l.lp.u-tmm{c F. G, I, K). 0.6 mm (O}, and 1 mm (A, B, E, H, J, L-S).
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QI8IH(Common name)

S2l(Derivation)
37|(Size)
BHEH(Metamorphosis)
& I (Distribution)
7| 1H(family) 4=

MA 715 Z =+

Superclass Ectognatha
Class Insecta [Z&7}]
Subclass Archaeognatha

I

Silverfish
Gk. thysanos-fringe, tassel; oura-tail
2722 mm
L2 HHEl(ametabolous)
HMA(SH S )
4
360(0.04%)

Order Archaeognatha [E55] 11054 122

Subclass Dicondylia
Order Zygentoma [£5] 13t 2% 3%
S22 ony

@ The abdominal tip ofa
silverfish showing the
body scales and the three
subequal tails.
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incisor rcgwn
molar region

eye (\

ontenno condyle

mandible

X7

Z

\ ‘ N m' L3 moki palp B
A ‘\)\\- .4/(’5

lobial palp condyle

sense orgon 05

05 mm
tergum

e o ]
e
pleuron
coxo C sternum

style  exsertile vesicle

Jyrrty
Jdatana gy
T

tergum
pleuron gaagun
coxo D sternum
tergum
pleuron
setal comb
coxa E sternum 1 mm
: Ctenolepisma®] ©i2] B : Ctenolepisma®] 2€ (R - HF)

: Nicoktia®] 7} B9 (24]) D : Atopatelura® 715 B (=4])
: Lepismodes®] 7Hs Had(=4])
: Atopatelura®] vj 6 ®vic] o] wjH
: Ctenolepisma®) ®H 6 A vjc]o] ujjg
a8l 1. £29 93 54 (Quick, 1979)

A : Ateluridae (Atopatelura) &%
B, C : Lepismatidae (Acrotelsella) FH 3 &7 (wH)
D : Nicoletiidae (Trinemura) 7

a8 2. F2 4% (Quick, 1979)
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{
8

PO TN sAneaduces e

Central filament

-z{g Ty




o\l

f(Insecta) - T A|O}Z(Apterygota, #3# 50 #ff])

Archaeognatha (Bristletails) ==

22 Q0[L} 20|12 ZtopH D AR=

T - L

Zoz HolHE 4 U =0 oix ol
Mme 0|27t Zet




2=7ZHInsecta) - S5 A|OlZ(Pterygota, B ¥ 58 i)

- /@'ﬂ"{i‘.’j ur= Protura
"Elfipura”™ —e

S [l |
f@ﬂ@{{h\ Collembola

Insecta

MM Diplura

%E@{fﬂ& Archaeognatha

Thysanura s. lato -’:
'

; S Ephemeroptera
"Palaeoplera” —=
! Odonata

Pler),:gota
f

I
Neoptera
L

Polynelcptera

509
&aas . Plecoptera

g Isoptera

Blattodea

&
N Mantodea
Sogr

:,._)< Grylloblattodea

,‘\/ )
jgg Mantophasmatodea
Ay

— T Phasmatodea

Paraneoptera

—
Endoptlerygola

b
L— i Embidina
“’;‘?\?ﬂ'_ Orthoptera

@Qb Dermaptera

Zoraptera

5 '._f.-’-- S P t
ﬁf};ﬁ 'socoptera
@;@E@ Phthiraptera

,‘%t\%ﬁ> Thysanoptera
{ .
.4 Hemiptera

“TE  Neuroptera

N Megaloptera
‘V}é Raphidioptera
E — =43 Coleoptera
— A% Ez% P

7 Strepsiptera
Diptera

Siphonaptera

Trichoptera

Lepidoptera

i Hymenoptera
AR

Pterygota (FAIOIY, B#nc i) =AIF
Palaeoptera (11 A| 5, 5 #48) (palaios-old, pteron-wing)
v Ephemeroptera 6}5£4AH0| S

v Odonata &Al2|=

S W7 AOLE S 4 ¢S () 22 20N B2 23

]

HA




7 U g
v ES0|= 20tL]. 0 B0 20i| Ml 7HA 2 27
vdse sA0 UL 2
viaseedd. lls 2/ts
v YCte|= 7H20, e 20 (Ao AL H Z)
v Sevlie HENEN S(ReVle &4 )

o - o
VMY AE2 s, 38 AR S 2E
v 110FSHE 40| 2 (Baetidae) =2 LHE S0 HIoH =2 15, 91 A4
v 422 HAGHR| 9Fod, 1m2A| 2 MZ5H= 20| CHEE
(HEfMSt= A2 1487 AL SE US)
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> S0|Aret
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v H MA 92,5008 7|F /5L 1311} 354 818 7| =
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QI8IH(Common name)
S2li(Derivation)

37|(Size)
EHElj(Metamorphosis)
= IL(Distribution)
7|5 2H(family) 4

MA 218 =+

Subclass Pterygota

Mayflies

Gk. ephemeros-lasting a day;
pteron-a wing

| 4(5~35 mm), 74 HZ0](~50 mm)
= UHEN(E- 4S5 3)
HHA (RS SH)

23

2,500(0.25%)

Infraclass Palacoptera

Order Ephemeroptera [8}540] 2] 132352 812

caudal fil

Under Udonata [FHA =] 12860 124

¢

a2l 2. 3t24role] G/l (Ephemera danica) (Mizzaro)



- Short ant P
65 40| = (Ephemeroptera) - seniapmindeilc

Large mesothorax

i T 71/
front wing *‘fé{é/ ; 7
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Small, rounded

hind wing Soft-bodied

Slender abdomen

Long cercus
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R
\
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MP, Figure 9-3 Wings of Pentagenia (Ephemeridae). Major convex
1A®CuP® CuA® (+) and convave (—) longitudinal veins indicated.

Long tail filament




6l54AM0| 5 (Ephemeroptera)

=T
.'....'_’..._.'.n_'r P

Figure 9-1 A mayfly, Hexagenia bilineata
(Say) (Ephemeridae). (Courtesy of Needham
and the Bureau of Fisheries.)

A : mv}dt§4to| 3 (Baetis) B : Zu}3}§4ko| 3} (Ecdyonurus)
C : %me| 8540l 3 (Siphlonurus)
tibia : 244 — 2mm

18l 4. 5t} (Mizzaro)

A
B

Figure 9-2 Mayfly nymphs. A, Baetis

9] .0" brunneicolor McDunnough (Baetidae):

h::::‘:n':‘)c- ."c,p“‘s.._‘i.\\h—‘ A : &F4to| 3} (Ephemera) B : 7% 8}%Aro] 2} (Potamanthus) 2/; Lt' ia di Zp' (p.B K (:id?e):

Cu, -+ HFAN FLE =% i e , Heptagenia diabasia Burks (Hepta-

o —— C i xy fﬁ-’—‘é"l 3} (Leptophlebia) D : v &7 Ato] 2} (Paraleptophlebia) geniidae). (A, Courtesy of Leonard and

A : mo}a}§ato) 3t (Ecdyonurus) B : % m2| 8540 3 (Siphlonurus) E : &g 3340l 3} (Ephemerella) the Entomological Society of America:

intercalaries : 2 Ato]2!  veinlets : 2% —ti 2mm arch . 32271 Ll i@ 9 B, Cm;_r}t:e.si'1 of Neecdhém and (h§ :u-k

ory ; ' reau of Fisheries; C, Courtesy of Burks

IS SR A a7 6. 27l (Mizzaro) and the Entomological Society of
8 y

America.)
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3 o54l0|=(Ephemeroptera)

© Mayfly nymphs with lateral
abdominal and terminal

2:0{| A 2L 20-505] EfI|SIC}.
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110}5+HE 40| Baetis thermicus
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S2l(Derivation)

> SlEfjstd E2A 37|(size)
v UIHs 27, A|O| 0} B OrAd HEH (Metamorphosis)
v 7t&2 2k LizbsE T &I (Distribution)
— A= i) 2N
v 2EE A0 UM 2, 0|RE 13S0 E Tt 7|5) o mfenins
v [= .y Z-I 53
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> MEfEt2 £
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> SO[AFe

v HAOIM 71 2 A2l 29 53 PHAM(YME )0 EE3UE Meganeura2 34 22 971 H 20| 640 mm
v A M|IA 9f 53005 7| / U 121} 604 124F 7|5

Dragonflies (66%) / Damselflies (33%)
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Order Odonata [#42] E] 120 602 124
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4  ZIZl2|=(0donata)

Short antenna

Mobile head

Large compound eye © Head of adragonfly viewed
from the front showing the
large compound eyes and
the mandibles.

Spiny legs Strong pterothorax

Net-like
arrangement
of veins

Transverse
head
Front and
Pterostigmata 1/ \ hlnd WIngS

Hind wing with Rt ol I similarly
anal lobe } i Shaped

| 11 Hind wing with

’ {1 anallobe
|! il L
i ies | v{ L
' Anal appendages v\ Dragonfly ‘H Damselﬂy




2=7ZHInsecta) - S5 A|OlZ(Pterygota, B ¥ 58 i)

@icte|gotd
SICtel=2lot)
ctelsl=ct2lot|
gictalEot2 ot
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. Zh2dlctald Xci2|otc)
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1. Sict2j=2fotc)
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13, 7R2YIHE7|E
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18, SU7IA M= A

19, Sk ST

20, FItETAT
21, AN

2 124 YIS MEIEEN)
23 H25EM

24, HOPHE

2, 7|2

26, Z3

Figure 10-8 Head structure in dragonflies. A, Gomphus exilis Selys (Gomphidae), dor-
sal view; B, Basiaeschna janata (Say) (Aeshnidae), dorsal view; C, Sympetrum (Libelluli-
2} T 7)) B dae), lateral view; D, Epitheca (Corduliidae), lateral view. aclp, anteclypeus; ant, antenna;
t} }3] }-ﬁi} ‘é “ -r-r]@ tg’g e, compound eye; fr, frons; Ibm, labium,; Ibr, labrum; md, mandible; mx, maxilla; oc, ocel-
lus; ocp, occiput; pclp, postclypeus; pg, postgena; ver, vertex.

o = | 21
. 23
Figure 10-4  Structural characters of Odonata. A, Lateral view of Sympetrum internum

v X 22
Montgomery, male; B, Lateral view of abdomen of S. internum, female; C, Terminal ab- 1o\ =LA ‘ 13 15

dominal segments of Enallagma hageni (Walsh), male lateral view; D, Same, dorsal view; L (
E, Terminal abdominal segments of E. hageni, female, lateral view. ant, antenna; clp, 5%
clypeus; cr, cerci; cx, coxa; e, compound eye; epm,, mesepimeron; epm;, metepimeron; \ 3 >SS
eps,, mesepisternum; eps;, metepisternum,; ept, epiproct; fm, femur; fr, frons; gen, male A A\ & " 2 N
copulatory apparatus; iep,, mesinfraepisternum; iep;, metinfraepisternum; lbm, labium; v 8 10 11
Ibr, labrum; md, mandible; n,, pronotum; oc, ocellus; ovp, ovipositor; pg, postgena; pls,, 4 s 5 -
mesopleural suture (or humeral suture); ppt, paraproct; spr, spiracle; stn, sternum; tb, = =2 \ 2 of 9
tibia; tcl, tarsal claws; tr, trochanter; ts, tarsus; ver, vertex; 1-10, abdominal segments. - 4
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Drying out Emerging dragonfly Shedding the
From egg to adlIIt Before flying away, the dragonfly will 6 The still-vulnerable young exoskeleton

Take a closer look at the wait for its legs to harden and for its adult dragonfly carefully curls Once ready the nymph
journey of a dragonfly wings to unfurl and dry out in the Sun. out of its split exoskeleton. will emerge from the
i water and attachto a
‘ : i : nearby plant. The
f . 5. F ¥ i puffy exoskeleton will
Mating adults -~ 0 TR Y . i -, | . then split open.
The male dragonfly 1 : [+ ¥ : )
attaches his abdomen
to the female’s head
as she curls hers
under, so that he can
fertilise the eggs.
Depositing
the eggs
The female will then ) ' oy A
abdome?tem watem\ 2 N d AL N R T wmy /8 (Sl:aame s of
SN ‘ P 2 ; , \ : ok gonfly will
deposit the eggs. She » . = ' | “ ¥ ‘ " ot u AR n change colour
can lay hundreds of - 3 - " 4wl AR over time
them in a day. 7 " ' s B “ ‘ = 4 ’ ’

Emerging nymphs i :
After a week the nymph will emerge ¢ -
from the egg and remain in the water for a
few months to a couple of years, surviving
off other insects and small vertebrates.

4 Instar stages
The nymph will go through several

instars before it reaches the metamorphosis
stage. It will shed its exoskeleton each time
to make room for growth.
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prothorax *

Dragonfly Mating
Stage 1: Sperm Packet Positioning

Male transfers sperm
packet from abdomen

tip/10* segmentto -

depression on underside
of 2" abdominal
segment

NC-17 AWESOME GRAPHIC

Dragonfly Mating
Stage 2: Connected Flight

Male clasps head of female with genital
pincers, couple flies around connected

Bonus Detail: Male genital pincer fits only head of same-species female

NC-17 AWESOME GRAPHIC

head \
Ss . b;\q
\ synthorax Q\*

hind leg

_— forewing

/ hindwing

Dragonfly Mating
Stage 3: “Wheel” Connection

Female bends abdomen underneath,
connects to male’s 2" abdominal
segment, receives sperm packet .

NC-17 AWESOME GRAPHIC
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Journal of Species Research 9(1):1-10, 2020

Nannophya koreana sp. nov.(Odonata: Libellulidae): A new
dragonfly species previously recognized in Korea as the endangered
pygmy dragonfly Nannophya pygmaea Rambur

Yeon Jae Bae'**, Jin Hwa Yum', Dong Gun Kim®, Kyong In Suh® and Ji Hyoun Kang®

'National Institute of Biological Resources, Ministry of Environment, Incheon, Republic of Korea

Division of Environmental Science and Ecological Engineering, College of Life Sciences, Korea University, Seoul,
Republic of Korea

*Smith College of Liberal Arts, Sahmyook University, Seoul, Republic of Korea

‘Nakdonggang National Institute of Biological Resources, Sangju, Gyveongsangbuk-do, Republic of Korea

*Korean Entomological Institute, Korea University, Seeul, Republic of Korea

*Correspondent : nibrpresident® korea ke

MF491682 South Korea (Gangjin)

MF491679 South Korea (Gangjin)

MF491676 South Korea (Gangjin)

NPO1 South Korea (Mungyeong)

NPO2 South Korea (Buyeo)

EU048758 South Korea {Gokseong)

MF491665 South Korea (Gokseong) 1. Korea & Japan

Fig. 3. Nannophya koreana habitat in Mungycong. Gyeongsangbuk-do, Korea (A-E): A. landscape of abandoned rice field: B. habitat with
abundant aquatic plants (Persicaria thunbergii); C. male adult at habitat: D. female adult at habitat: E. immature male adult at habitat: F.
nymph (from Muuido, Incheon, Korea).

MN345764.1 Japan (Nagano)
NP14 Taiwan

NP15 Taiwan

ABTURO e Il. China, Taiwan & Laos
LC366686 China (Jiangxi)

AB708998 China (Guangzhon)

AB709000 Laos.

10098 NP13 Singapore

NPOS Singapore

10097

- o4} 115 KT091531 Malsysia  Singapore & Indonesia

H17KT991528 Malaysia
5| (H19KT991525 Malaysia
H18KT991526 Malaysia

7975
H16 KT991529 Malaysia
MG884762 Singapore
KC122235 T

517 MG824763 Singapore
5“’-| L e sepmon 11, Vietnam, Malaysia,

ey
0020

Fig. 2. Nannophya pygmaea: A. male adult, dorsal; B. male adult, lateral: C. female adult, dorsal: D. female adult, dorsolateral; E. male
. Fig. 5. Phylogenetic tree based on 32 mitochondrial COf gene scquences of the Nannophya pygmaea specics group from ninc regions in

Fig. 1. Nannophya koreana: A. male adult, dorsal; B. male adult, lateral; C. female adult. dorsal: D. female adult, lateral; E. male anal ap-

; 2z E P bare EEE pre 3 anal appendages, dorsal; F. male anal G. male anal lateral. A, B: bar= 10 mm; E-G: bar ¢
pendages. dorsal: F. male anal appendages. lateral. A-D: bar = 10 mm: E, F: bar =0.3 mm: aap =anal appendage: iat = inferior apical tecth: U L S e e A SR R Northeast and Southeast Asia. Sequences gencrated by the present study are shown in bold. Branch values indicate neighbor-joining (NJ)
sat = superior apical teeth; slst = synthorax lateral stripe. P PR P R Yohan Pee and maximum likelihood (ML) bootstrap support valucs, respectively. Tree topology and branch lengths reflect the results of NJ analysis.

Asterisks (%) indicate branches not supported by ML analysis, and dashes (-) indicatc support valucs of lcss than 50.
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How climate change is affecting dragonflies in Canada

and around the world
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A dragonfly sits on a blossom in the late summer sun in a garden in Gelsenkirchen. Germany.on a warm Sunday Sept. 15. 2019.
(AP Photo/Martin Meissner)
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TORONTO -- Dragonflies are some of the most resilient insects on the planet. They've
been on this planet for more than 200 million years and inhabit every continent except
Antarctica.

Experts say climate change is allowing many dragonfly species in Canada and around
the world to thrive and expand their range. but cold-adapted dragonfly species in the
Arctic are likely to struggle.
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Climate change: Dragonflies spread
north in warming world

By Helen Briggs
BBC Environment correspondent
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The emperor dragonfly is expanding north into Scotland and Ireland

Dragonflies are moving northwards across Britain and Ireland as
temperatures rise.

More than 40% of species have increased their distribution since 1970, while
only about 10% have declined, according to a new report.

Experts from the British Dragonfly Society say it's an indicator of the effects of
climate change.

There is concern over the loss of populations of insects due to factors such as
pollution and habitat loss.






