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9 pl ] Uropygi  0.1% . Schizomida
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Ctenophora Hpacisns Ricinulei 1%
1 T | 0.1% Scorpiones
Arachnida Opilicacariformes
T - 0.0%
Metastomata
— | Araneae
| 38.2%

Euchelicerata

app. 3380 species from 25 families

Parasitiformes +
Acariformes
49.3%

http://www. http://museum.wa.gov.au/catalogues-beta/pseudoscorpions
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Haplocnemata Bérner, 1904

Chelicerae — two-segmented
pincers
similar articulation in both groups

rostrosoma

no sternum
coxae in contact e

legs Il and IV

femur shorter than patella
( patello-tibial articulation)

empodium (= pulvillus, arolium)
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Epiperipatus sp. Epiperipatus sp.
—G- Peripatopsis sedgwicki I ONYCHOPHORA Peripatopsis capensis
Peripatopsis capensis Peripatopsis sedgwicki
Archispirostreptus gigas Archispirostreptus gigas
=N Alipes grandidieri MYRIAPODA 2 B s coninde
Scutigera coleoptrata 87_ plipes grandidisri
*EAnoplodactyIus eroticus
*

Endeis spinosa

83| Siro boyerae

Metasiro americanus
98¢=Sclerobunus nondimorphicus
Larifuga capensis

-Sitalcina lobata
* Vonones ornata
Pachylicus acutus

36 Metabiantes sp.
Hesper stoma modest:

rtholasma coronadense
ulus martensi

87\, - Phalangium opilio
Leiobunum verrucosum
85|

8|

ARACHNOPULMONATA +
PSEUDOSCORPIONES
(BS=78)
Pseudocellus pearsei
Ricinoides atewa
Eremobates sp.
B83¢=Dermacentor andersoni
IXODES SCAPULARIS
Amblyomma variegatum
Amblyomma americanum 0.05

Rhipicephalus microplus
91 Rhipicephalus appendiculatus
Sharma et al. 2014 Mol. Biol. Evol.
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Charakteristics

chelicerae — two-segmented, chelate soiret bty el btk el fﬁ;(,;;{%;

serrula pilerior

ventrolateral articulation marginal leels, \
smarginal
2N

servula exlerior

exterior conayle

ATLYIN/DAE CHERANETIOE CHELIFERIDAE

HTHONIDE — prwnse



Charakteristics

chelicerae — two-segmented, chelate

ventrolateral articulation

Amblypygi
Araneae
a i Thelyphonida  schizomida
Cipiliones
| @ 'iD
|
Ricinulei Pseudoscorpiones !

;:ED 5olifugae ‘ﬁj SCDFDIDHE'S \\ _/’
N ) \é \ ~——
S/ S T

Acariformes  Palpigradi
\ 'F =0 é%
:{lphusura / Paramtn‘nm'res // /

.__-"- __'__,.,-"_____
o e

Pyvonogonida /

@QD /

Giribet & Sharma 2015



Charakteristics

pedipalps - with venom glands
(without Heterosphyronida)

«
<

maovakble finger [tarsus) i
chela (tibia)

pateila

Ideoroncus Neobisium

|
trochamier fermur



. . trochantar
Charakteristics
legs
natella 2
7 7\{/ . tibia metatarsus 1o
y {.I ‘l" '/L\Vx\i . femue IrOGRANtE?

v‘ /
—

| 2
| :‘ Heterosphyronida

(superfamily Chthonioidea)

i R
y

melatarsus tarsus

Diplosphyronida (superfamily Neobisioidea a Garypoidea)

Arolium

Monosphyronida

(superfamily Cheliferoidea)




Charakteristics
carapax




Charakteristics
trachee opening on 3. and 4. opisthosomal segment




Charakteristics
Vascular system is opening (heart 4-2 pars of opening)
extrection: excretory cells in stomach

coxal glands




Charakteristics
nervous system concentrated

eyes 0-2 pairs

0t Ch R BT




Charakteristics
Feeding, digestion
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Charakteristics
Cuticular sense organs

Trichobothrium  Articulating
hair shaft membrane

Deflected / \
position X6

Socket

e

Epidermis

Sensory  Cavi Sheath cells
neurons

Cuticular lip

Receptor )
cavity\ RS <X

Sensory
neurons

C Sheath



Charakteristics
Cuticular sense organs

Faasfdas

IDCHEIRATA



Reproduction

pseudoscorpions reproduce sexually




Reproduction

mgs

ig Roncus

cvd
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50 wm Chthonius
1 af ALibawive fenhm

Chthonius Neobisium Garypus Chernes Chelifer



Reproduction
fertilization is internal but indirect
A) Spermatophors without females

Chthoniidae
Neobisiidae
Cheiridiidae
Olpiidae

100 pm
e




Reproduction
fertilization is internal but indirect Atemnidae

: Chernetidae
A) Spermatophors with females Cheliferidae

Dinocheirus tumidus

d : o ;
Chelifer cancroides
ey

anee,
e ’\\\zxx'o
(f .Zﬂ%nﬂ“

e f ram’s-horn organ *




Reproduction




Reproduction

formation of
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Life cycle

nymphs (3 instars)

c// '.ffl /

deutonymph \\A
tritonymph / /[\E//
(LK

T




Life cycle

longevity 2 — 4 years

Abbundance up to 900 ex./m?

Allochernes wideri
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5 196,4

Gabbutt 1967



Phoresy

Tridenchthoniidae
Lechytiidae
Syarinidae
Neobisiidae
Larcidae
Sternophoridae
Cheiridiidae
Cheliferidae
Atemnidae
Withiidae
Chernetidae

dispersal
X theory of origin
predation

WW~NOWRRPRRREWER

9

Garypinus electri (Baltic amber)



Chernes hahnii

/ / Dinocheirus panzeri
/ / Chernes nigrimanus
ches
/ / ® oss
// .. ‘CHERH1.
Chernes hahnii [
Misa
Ch.h.64
@ > 70 % boostrap, > 0.95 PP GSKkaa7
‘chso
- GSK3a9
- M3
— M174
e
8581
GSK33s.
e
‘GSK358
chss

L)

[ E—

BG22

[L

0.05

Opatova & Stahlavsky 2008






Sociality

Del-Claro K. & Tizo-Pedroso E. 2009: Ecological and
evolutionary pathways of social behavior in
Pseudoscorpions (Arachnida: Pseudoscorpiones). Acta

Ethologica 12: 13-22.

Paratemnoides nidificator

Table 2 Available knowledge about social behavior in Pseudoscorpions

Species

Social level

Classification®

Authors) and
publication year

Paratemnoides
nidificator

Paratemnoides
elongarus

LH °
- a
i a
. 2
A 0 ®
]
% (=]
L]
£° °8ed
_E H
82
=
2

Family Distribution®

Avemnidae Central and
South America

Atemnidaes Central and
South America
and south of

A Attack group size relative to prey size

18

1%

14

2

10

Attempts of phoresy

T5=07; Ned s, pe0 01

L] L+ L

Prey size {mm)

L]

C Phoresy attempts by colony size

1,087 p=0000]

18 ) =M

e 150 200
Mumber of individuals in the colonies

250

00

Non-terrtorial
permanent social

MNon-territorial
permanent social

Hahn and Maunhiesen
(1993a, b); Tizo-
Pedroso
and Del-Claro
(2005, 2007, 2008)

Brach (1978);

Zeh and Feh (1990)




PALEOZOIC

MESOZOIC

CENOZOIC
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(4% 4% [433
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00L

Pycnogonida
Xiphosura
Chasmataspidida
Eurypterida
Scorpiones
Opiliones
Phalangiotarbida

Solifugae

Palpigradi
Trigonotarbida
Uraraneida
Araneae
Haptopoda
Amblypygi
Thelyphonida
Schizomida
Actinotrichida
Ricinulei

Anactinotrichida

Dracochela deprehendor

X ) Y&
Garypinus electri Baltic ambe
35-40 mil.

S

Pseudochthonius squamosus Dominican amber
30 mil.
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upraveno Harvey 1992
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Feaellcidea
Chihonicidea
HNeabisioidea
Garypoidea
Sternophoraldea
Cheliferoidea
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Lechytiidae
Chthoniidae
Tridenchthoniidae
Feaellidae
Pseudogarypidae
Ideoroncidae
Bochicidae
Hyidae
Gymnobisiidae
Neobisiidae
Syarinidae

Parahyidae
Olpiidae
Garypinidae

l— Menthidae

Geogarypidae
Garypidae
Larcidae
Cheiridiidae
Pseudochiridiidae
Sternophoridae
Withiidae
Cheliferidae
Chernetidae

Atemnidae

Murienne, J., Harvey, M. S. & Giribet, G. (2008) First molecular
phylogeny of the major clades of Pseudoscorpiones (Arthropoda:
Chelicerata). Molecular Phylogenetics and Evolution, 49, 170—
184.



This study
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L Feaellidae -

Ideoroncidae
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Hesperolpiidae

Garypidae GARYPOIDEA

— Menthidae
L— Olpiidae
— Garypinidae

L— Larcidae GARYPINOIDEA
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Cheiridiidae
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Chernetidae
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Cheliferidae
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Lechytiidae
Chthoniidae
L Tridenchthoniidae

Chthonioidea

L Pseudogarypidae

|_ Bochicidae

Ideoroncidae
—

Feaellidae
—

Feaelloidea

MNeobisioidea

HEMICTENATA

EPIOCHEIRATA

Stecker A.

8
8 8 z 8
3 T T ©
= 0 ) ° o = = o8 ©
® @ <] '] @ S ] o1}
22l gls g8 %8 ol s & 23S
2 2 20l S £ 5 & 8|18z 2 =2 gf g c
o = = = > = = =] e = =
g EQlslt a5 § 5 elsls s £ o) gs
T ¢ zlale 0 = o o Slold & =2 Glol <&
Olpioidea  Garypoidea Cheliferoidea
Sternophoroidea |
MESTOMMATINA ELASSOMMATINA
PANCTENATA
IOCHEIRATA
Cervena et al. 2020 Arthropoda Selecta 29(2): 219-228
i Conntries
Families
AT CH CE DE HIT PL 5I SH z
I Chihoniidse 183 184 103 15/4 133 a'3 113 14/3 344 I
Creogarypidas 1/1 00 (A 1] o0 Ll ] oo 0o 1/1
I Meaobisiidae 243 17/3 8/3 1273 18/3 1243 1942 17/3 4873
Syarimidas 1/1 31 1/1 11 Ll oo [T 1] oo 42
Larcidae 1/1 00 1/1 11 171 11 L1 1] 11 11
Cheindiidass 22 272 252 F.opd 171 22 o 1/1 F.opd
Arermmidas 1/1 11 (1] o0 22 oo o 22 22
Cheliferidas 545 a5 373 33 343 33 oo =] = ]
o IC,'JJ.EIlJ.EI:l.da.E 157 1557 13/7 15/8 13/4 147 3.2 147 21-'3'
D h 7 v V Withiidae 271 21 (8 1] 11 271 oo L1 1] 11 21
UC aC " Species/genera total TN25 6425 3820 50023 5320 38109 337 57123 125/30

Verner P.H.

Abbmendations: AT — Anstria, CTH — Switmacland, CF — the Czech Republic, DE — Germany, {7 — FHungary, PL — Poland, 51 —
Slowvemia, SE — Slovakia, T — nembar of spacics/gemara for all comsidarad commirias.



gel.: Chthoniidae eswe

1122
carapax broader in front part
chelicerae large
pedipalps without venom glands
tergites undivided
simple spermatophors
CR 3 genera:
Mundochthonius

Chthonius
Ephippiochthonius

Preyssler, J. D. (1790):
Verzeichniss Bohmischer
Insekten. Prag 1-57.

Chthonius (Ephippiochthonius) tetrachelatus (Preyssler, 1790)

E. tetrachelatus



Neobisium (Neobisium) muscorum (Leach, 1817)

gel.: Neobisiidae sass)

2222
carapax of the same breadth
chelicerae large
tergites undivided
CR 3 genera:
Neobisium
Roncus
Microbisium




gel.: Larcidae asn

2222

2 pairs of eyes
chelicerae small
Tergites divided

CR: Larca lata
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gel.: Cheliferidae @7

1111
chelicerae small
Tergites divided

CR: Chelifer cancroides
Mesochelifer ressli
Dactylochelifer latreillei
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gel.: Chernetidae @s213)

1111
Chelicerae small
Tergites divided
phoresy Gremas hati
Chernetidae — Lamprochernes nodosus (phoresy)
Chernes hahnii
Dendrochernes cyrneus
Anthrenochernes stellae
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Cheiridium museorum
Apoche I rl d I u m fe ru m Cheiridium museorum (Leach, 1?17’)

Fig. 20A. Cheiridium museorum: entire animal.
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Definition of species

Biological species concept groups of actually or potentially interbreeding natural
(reproductive or isolation concept) populations, which are reproductively isolated from
other such groups (Mayr 1942)

Mate-recognition species  a group of sexually reproducing organisms that recognize
one another as potential mates

Evolutionary species &N entity composed of organisms which maintains its identity from
other such entities through time and over space, and which has its
own independent evolutionary fate and historical tendencies
(Simpson 1951)

Typological species a group of organisms in which individuals conform to certain fixed
(morphospecies) properties (a type)

problems — variability, cryptic species, monophyly

Monophyly

Paraphyly

. Polyphyly



Parmakelis et al. 2013
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Euscorpius
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Mundochthonius Pseudotyrannochthonius
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fast speciation

- extinction

Gene flow only between neighbouring populations.
Extinction of some population cause very fast
genetic separation.

TNLLTH DR

Wilcox et al. 1997



fast speciation

- Polyploidization or hybridization — frequently in plants

Chernetidae Atemnidae

Chernes hahnii 2n=49 Diplotemnus insolitus 2n=122



gradual speciation

1

1

- allopatric

population splits into two geographically isolated

populations

new populations of similar

35°N ad
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D. arizonensis

\ Arizona
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Pfeiler E, Bitler B.G., Castrezana S., Matzkin L.M. & Markow T.A. 2009:
Genetic diversification and demographic history of the cactophilic
pseudoscorpion Dinocheirus arizonensis from the Sonoran Desert.
Molecular Phylogenetics and Evolution, 52: 133-141.



gradual speciation - allopatric population splits into two geographically isolated
populations

< )’ - separation of only small subpopulation

Roncus alpinus




gradual speciation - sympatric formation of two or more descendant species from
a single ancestral species all occupying the same
geographic location

@,

Neobisium

leaf litter

Neobisium dolomiticum
Chernes similis

- parapatric between alopatric and sympatric speciation — gene flow still occurs



Chromosomal speciation

Majority of closely related species differ in karyotypes
(app. 90-98% speciation change karyotypes)
Is it consequence or cause of speciation?

“hybrid-sterility models” predicted that the recombination
among rearranged chromosomes in heterokaryotypic hybrids
generate unbalanced gametes and thus reduce fertility.
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Idiogram  Neobisium carcinoides 2n=70, XY
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Chernetidae

Neobisium erythrodactylum
Neobisium polonicum

100
1,00

Chernetinasg,

DENDC1
100 I ECHB!CI
1.00 CHFRC?

M100
M180

1.00}

1.00

M178
M124
M125
100 [~ CHERNZ

1.00 CHERN1
M5

CHERV1
94 | 1.00100|EM189
1.00 M190

Lamprochernetinae

Czech Republic/Southern Moravia
Czech Republic/Southern Bohemia
Czech Republic/Central Bobemia

Germany/Bad Hersfeld

Austria/Vienna
Slovakia/Eastern Slovakia Spain/Catalonia
n P
Cyprus/ Southern Cyprus Portugal/Mitra
Cyprus/Eastern Cyprus Belgium

Fig. 1: Results of Bayesian analysis ( GTR+|+I+covarion model). Bootstrap values above 0,95%
are shown below branches. Values above branches correspond to bootstrap support obtained in

1.00 M167

DINPL
M171
M186
DINP2
M6

M192
100 = psSt

1.00 = ps2

Maximum Parsimony analysis (only values above 70% are reported).

Roncus montsenyensis

'Da':cty/oche/ifer latreillei

Dendrochernes cyrneus (2n = 57)

|

]

Chernes hahnii (2n = 49)

Chernes cimicoides (2n = 61)

Chernes similis (2n = 63)

Chernes nigrimanus
(2n = 59)

Chernes vicinus

Dinocheirus panzeri (2n = 77)

Pselaphochernes anachoreta

Pselaphochernes lacertosus
(2n = 60)

Allochernes wideri (2n = 55)

Pselaphochernes scorpioides
(2n =41)



collection

pit fall traps...
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