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Characteristics of

collembolans:
Origin

Among the oldest known e
records of terrestrial animals R Grinnellia ventis reconstruction
g \ T Christiansen and Nascimbene, 2006
e N

rst recorded

collembolans

Origin of life orid of Amals Dinosaurs
|
Arthropod colonize land Primates
4567 4000 00 541 252 66 0
® O O @ ® ® *
Time Hadean | Ar.~ean ‘ Proterozoic Paleozoic Mesozoic | Cenozoic
(Ma)
Plant colonize Tetrapod

land colonize land




Characteristics of

collembolans:
Taxonomy

CHELICERATA
MYRIAPGDA

rema‘nia "crustoceans”

RE\'PEDIA { hrustaceans")
HEXAPODA
AT A (coneheads) s

|rC\' LEMBOLA (springtails) *
A (— DIRLURA (two-pronged bristietalls) @ INSECTA
HEXAPODA — ARCHAEOGNATHA (jumping bristletails) =il
|-— —— — ZYGENTOMA (silverfishs and ﬁrebrats)vf_\:*'ﬁ:\—

PTERYGOTA (winged insects) -

« 3000 known species of collembolans
» supposed to be between 50,000 to 65,000
100 new species are described in the latter 10 years

Bellinger, P.F., Christiansen, K.A. & Janssens, F. 1996-2019.
Checklist of the Collembola of the World. http://www.collembola.org




Characteristics of

collembolans:
Anatomy

Small 1-5 mm (min.
0.12; max.17 mm)

Wingless hexapods with
antennae always presen*




Characteristics of

collembolans:
Anatomy

“aliembola (Lubbock 1870):

Ventral { '‘be  colla (Latin): glue
r embolon (Greek): projection

Small 1-5 mm (min.
0.12; max.17 mm)

Wingless hexapods with
antennae always preser*

Springtail: when furcula is
released it springs the
organisms into the air

Furcula

Bellinger, P.F., Christiansen, K.A. & Janssens, F. 1996-2019.
Checklist of the Collembola of the World. http://www.collembola.org



Characteristics of

collembolans:
Diversity

\ Thalassaphor W 4llon, niurus PO “
7 Yar,

0, Mesa horura Superodontella IIIO
Oncopodura 0]006 5 3 rpba
I‘o Y

.dea \ Triacanthella

Tomoc< us. \

eratophysella
e st 0 Hypogastrurd . podura
\\“'--\__» <50 _sp B
" Friesea
- 69 100

Papirinus v & o Crossodonthma
—~— ~ N e i O Vitronura
190 N )

/

N /NG00
-3 0" / = Isotoma \ /

Sminthurus . / FI ", -
SJ, Pseudobou. letier.a i 100 Isotomurus .
/ Folsomia can. !
'Obr, \inthur . o ,sh d - s Folsomia oct. o«
L Q / <50 95 Orchesella Q
A / '/ Si ;510 0 Heteromurus
&Q ( Entomlglf aa ;
&% ( L Lepidocyrtus
B > . N .. Callyntrura _ XO
q ’ Neelides . Homidia Y @0‘
“teps ~

Xiong et al., 2008



Characteristics of

collembolans:
Identification

Torax - Abdomen

Bellinger, P.F., Christiansen, K.A. & Janssens, F. 1996-2019.
Checklist of the Collembola of the World. http://www.collembola.org



Characteristics of

collembolans:
Identification

Always present

Abdomen

Antennage «+—

3 pa‘i'r's of
Legs

Source: Bellinger, P.F., Christiansen, K.A. & Janssens, F. 1996-2019.
Checklist of the Collembola of the World. http://www.collembola.org



Characteristics of
collembolans:
Identification

G -
vanal '

i Spines
Torax - Abdomen
Head ‘ | |
|
Eyes Bl \
\ A N Anal spines
WA S ye

Y

| \

=<1 ntennal Furca
organ (PAO)

3 pa‘i'r's of ‘
Legs %

Source: Bellinger, P.F., Christiansen, K.A. & Janssens, F. 1996-2019.
Checklist of the Collembola of the World. http://www.collembola.org



Characteristics of

collembolans:
Identification

anal '
._spines
Torax - Abdomen
Head ‘ | | o,
l "l.u 2
\ —']-1 : ¥ ‘
, ;”‘k i Anal spines
. ; -1%":\ -, -)' /

,
T

| \ —— Dens

. l \ mucro a den .;"i"

Mucro R N

— Manubrium

Ras1 antennal Furca
organ (PAO) ! L
3 pairs of :

Legs

</
L Al G (IR T g
e VENtral spine

Source: Bellinger, P.F., Christiansen, K.A. & Janssens, F. 1996-2019.
Checklist of the Collembola of the World. http://www.collembola.org



Characteristics of

collembolans: Diet

http://www.voyageafield.com

éommonly they consume fungal
hyphae and spores

BUT
they can switch their diet if other
resources become available


http://www.voyageafield.com/

Characteristics of

collembolans: Diet

According to mouth-parts

Vegetarian

Source: collembole.fr
By Philippe Garcelon



Characteristics of

collembolans: Diet

According to gut conten* ~naly.~, SoilBiology&
Biochemistry

ELSEVIER Soil Biology & Biochemistry 37 42005) 1718~ 25
2y try

www.elsevier.com/locate/soilbio

Feeding guilds in Collembola based ¢ nitrogen stable isotope ratios

Masoumeh Chahartaghi®*, Reinhara »angel®, Stefan Scheu®, Liliane Ruess®

“Institut fiir Zoologie. TU L. wstadt, Scri... unstr. 3, 64287 Darmstadt, Germany
bGeorg-Augu.ﬂ‘ Universitidt Gig' gen, Kompe  =zentrum Stabile Isotope, Forschungszentrum Waldikosysteme,
Biisgenweg -, 7077 Gittingen, Germany

Received 6 October = *: re’ .ved in revised form 8 February 2005: accepted 11 February 2005

Phycophages/ “rimary Secondary
herbivorous lecomposers decomposers

|

Algae, lichans Litter material Fungi, mycorrhiza




Characteristics of
collembolans:
Reproduction

= Qontrolled by Wolbachia
bacteria

Parthenogen

Bellinger, P.F., Christiansen, K.A. & Janssens, F. 1996-2019.
Checklist of the Collembola of the World. http://www.collembola.org
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Ecology of
collembolans:
Distribution

Dist(\Thution

O Soil dwelling, wet or damp
surroundings

O Worldwide distributed
d 104-10° ind. m2
O 60 to 80 species in forests

0 15 to 30 species in
agricultural areas



Ecology of

collembolans: Soil
distribution

Epi-edaphic

Hemi-edaphic

Eu-edaphic

Gisin, 1960



Ecology of

collembolans: Soil
distribution

Ee;tul 1eproduction

=

“derbivores
“High mobility

Epi-edapaic

Sexual reproduction

I emi-edaphic Litter eating
High mobility

Asexual reproduction

Low mobility

Gisin, 1960



Ecology of
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habitat preferences

Factcr-«
influencnc¢
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Ecology of
collembolans:
habitat preferences

f,‘;‘;'}f,ﬁ v ow The development of a icaty. system for soil acidity
pH (3-8) 1997, 34, based on arthropo rences

217-232

MAN A. VERHOEF
iersiteit, De Boelelaan 1087, 1081 HV Amsterdam, The



Ecology of
collembolans:
habitat preferences

Journal of 1 1 idi
H (3_ 8) e The development of a aror system for soil acidity

P ;?37,2;- based on arthro ferences

NICO M. VAN S RMAN A. VERHOEF

Department of Ecolo, Universiteit, De Boelelaan 1087, 1081 HV Amsterdam, The

Netherlands

Locomot e of Folsomia candida

Temperature (Collemnvola: omidae) to Cooling Temperatures
(7-25° C) 3

2 M nley

Viror ne tomology, Volume 41, Issue 4, 1 August 2012, Pages 916-924,
2/10.1603/EN12008



Ecology of
collembolans:

habitat preferences

p H (3-8) Jounal The development of a bio? .. ~ator system for soil acidity

Applied Ecology

sy 4 based on arthrop. 1 ph ireferences
217-23

NICO M. VAN, RAALEN nd HERMAN A. VERHOEF

Department of Ecole gy and i oxicology, Vrije Universiteit, De Boelelaan 1087, 1081 HV Amsterdam, The
Netherlands

Locomeior Jesponse of Folsomia candida
Temperature

(7-25° C) (élolle;. absla: 1sotomidae) to Cooling Temperatures

G.piteau 2 P. MacKinley

« wironi or al Entomology, Volume 41, Issue 4, 1 August 2012, Pages 916-924,
httpWdoi.org/10.1603/EN12008

Umidity
(variable accu~dinng Distribution and population dynamics of Collembola in
the specie’) relation to soil moisture

H. A. Verhoef and A. J. van Selm



Ecology of

collembolans:
habitat preferences

pH (3'8) Jounal The development of a bio? .. ~ator system for soil acidity

Applied Ecology

e based on arthrop. 1 ph ireferences
217-23

NICO M. VAN, RAALEN ~d HERMAN A. VERHOEF
Department of Ecole gy and i oxicology, Vrije Universiteit, De Boelelaan 1087, 1081 HV Amsterdam, The
Netherlands

T t Locomeior Jesponse of Folsomia candida
(;-n;gs rg ) ure (Colleiabsla: 1sotomidae) to Cooling Temperatures

3

G.piteau 2 P. MacKinley

« wironi or al Entomology, Volume 41, Issue 4, 1 August 2012, Pages 916-924,
httpWdoi.org/10.1603/EN12008

Umidity
(variable accu~dinng Distribution and population dynamics of Collembola in
the specie’) relation to soil moisture
H. A. Verhoef and A. J. van Selm
Tex ure (soils with Soil Tillage in Edited by

high norosity) Agroecosystems ~ Adel El Titi




Ecology of

collembolans: Role

Form soil microstructure in it f .
weakly developed soils gra atlon.o organic
atter and litter

Some species make
microtunnels o

'—° Release nutrients

O Collembola are food

sources for many predators

Disseminators of soil microhio
propagules in the soil

Rusek, 1998
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Bioindication

Collembnl. opti n

ijm habitat

Which change in
collembolan community?




Bioindication:

Land use

14000
—. 12000 -

£ 10000 -

Study area: Napoli district 2

4 Types of land uses = 6000 -
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Cont lists available at Scit  :Direct

aropean ;, ‘rnal of il Biology

EI. SEVIER jou al homepage: http://www.elsevier.com/locate/ejsabi

Original article

Responses of functional ai.. =v2 .nic collembolan community @CmM“k
structure to site management in Mediterranean urban and

surrounding areas

Lucia Santorufo > <", Jéréme Cortet ¢, Johanne Nahmani ¢, Céline Pernin ©,
sandrine Salmon £, Audrey Pernot °, Jean Louis Morel ¢, Giulia Maisto *



Bioindication:
Land use

Bulk density

Organic matter

Water holding
capacity

Contaminati

Contents lists available at ScienceDirect
European Journal of Soil Biology I
journal P .elsevier. ejsobi
Original article

Responses of functional and taxonomic collembolan community ®msmk
structure to site management in Mediterranean urban and
surrounding areas

Lucia Santorufo <", Jérome Cortet ¢, Johanne Nahmani ¢, Céline Pernin ',
Sandrine Salmon %, Audrey Pernot °, Jean Louis Morel ™ ¢, Giulia Maisto *



Bioindication:

Land use

Chemical and
physical
properties

lm soil abiotic and biotic properties always agree???




Bioindication:

Land use

) ) : : s.udy area: France
Soil physical and chemical properties

6 Types of land uses
N° samples= 3,000
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0 : } e
© : ads 50030
E ®e vee % o":. ”‘A!:;‘.:;:’?‘ ‘s ':
‘ B Y o, F1(45%)
o : O —feocn=e= Q':s-;-,,ﬁ:! { .‘1\-".‘_.-:.' *'5‘74-;-.-.-----_-:-:.-. --------------- -
(= T i ' R s P iy
3 ® forest gy %
o o : o | grassland P
30 - - ' |® cultivated '
# 5. ; @ orchard and vingyard
» 10 lDD : @ urban vegetable gardens
-1 o- O=. TE—— ® SUITMA i
T : t T T T t T T T
-10 05 ov 05 10 -5 0 5 10 15
Hence of the Total Environm 45-546 (2016) 40-47 SUITMA=(SO|| Of Urban,

*ents lists ava' at ScienceDirect

Industrial, Traffic, Mining

Science o: «.. [otal Environment and Military Areas)

ELSEVIER journal homep: :: www.elsevier.com/locate/scitotenv

Physico-chemical characteristics of topsoil for contrasted forest, @Cmm
agricultural, urban and industrial land uses in France

S. Joimel P, |. Cortet ¢, C.C. Jolivet ¢, N.P.A. Saby 9, E.D. Chenot *®, P. Branchu®, | N. Consalés |, C. Lefort *°,
JL. Morel #°, C. Schwartz *°*



Bioindication:

Land use

‘e 601 . b

2 50- T E
o : E

T 40 c g g Study area: France
== —_— i \

23] © P

§° — - : 6 Types of land uses
€20 i d | | N

3 : e - —eN | N©° SampleS= 3,000

10 - — |

; TN

Q _ ! I 1 | 1 .

0 0 T T T T 4 T

Forest Grassland Arable Vine: " Urbe 7 JITMA (Soil of Urban, Industrial,
land ve_ =tabic Traffic, Mining and Military
ga ien AreaS)
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i) £

e 20 b R

8 5 : - !
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3 107 “ - s 5 :

E = Contents lists available at ScienceDirect

E 5 Science of the Total Environment

0 " | I journal homepage: www.elsevier.com/locate/scitotenv

T T T T T T

~rest< Grassland  Arable Vineyard Urban SUITMA
land ve getable Urban and industrial land uses have a higher soil biological quality than @wm
expected from physicochemical quality

garden

Sophie Joimel **<* Christophe Schwartz *”, Mickaél Hedde €, Sayuri Kiyota ¢, Paul Henning Krogh €,
Johanne Nahmani d Guénola Pérés £, Alan Vergnes ! Jérome Cortet d



Bioindication:

Land use
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Johanne Nahmani d Guénola Pérés £, Alan Vergnes ! Jérome Cortet d



Bioindication:

Agricultural

parctices
Different agricultural N Study area: France

practices

\E 4 Types of
& agricultural practices

N° samples= 96




F2 (15%)

Different agricultural Epigeic springtails Study area: France
praCtlceS Manure
4 Types of

Crop in rotation Mesofauns o ness ag ri Cu Itu ra I p ra Cti Ces

Mesofaunal diversi y

Mesofaunal eveni. s Total springtails

N° samples= 96

Minerall . ian

Permanent crop Pecticid
esticides

Degy of tillage Total mesofauna

Total acaridid mites

Droppings
Litt-/_ ambun. Total actinedid mites
Euedaphic springtails
Hemiedaphic springtails | Meadow in rotation
Total gamasid mites F1 {2 1%)
Slurry
Compu | Direct drilling
Total mites
Total Oribatid I'I'IitES Contents lists available at ScienceDirect
Soil Biology & Biochemistry
journa 1 www.elsevier.
Permanent meadow Plant cover The impact of agricultural practices on soil biota: A regional study @meﬁ

Jean-Frangois Ponge “*, Guénola Pérés b, Muriel Guernion ®, Nuria Ruiz-Camacho ©,
Jérome Cortet %', Céline Pernin “?, Cécile Villenave “°, Rémi Chaussod ',
Fabrice Martin-Laurent ', Antonio Bispo £, Daniel Cluzeau ”




F2 (15%)

Different agricultural ‘
practices

Crop in rotation

Epigeic springtails

Manure

Mesofaun:
Mesofaunal diversi y

Mesofaunal eveni. s

Permanent crop

Mineral, .

ep’ . of tilla=e

Study area: France

4 Types of
agricultural practices

Ness

Total springtails

N° samples= 96

Pesticides

Total mesofauna
Total acaridid mites

Droppings
Litt" ampun. ites
Euedaphic springtails >N'I
Hemiedaphic springtail eadow in rotation
Total gamasid mites F1 {2 1%)
Slurry
Compc Direct drilling

Permanent meadow

Plant cover

Total mites

Contents lists available at ScienceDirect

Total oribatid mites
Soil Biology & Biochemistry

www.elsevier.

The impact of agricultural practices on soil biota: A regional study

@

Jean-Frangois Ponge “*, Guénola Pérés b, Muriel Guernion ®, Nuria Ruiz-Camacho ©,
Jérome Cortet %', Céline Pernin “?, Cécile Villenave “°, Rémi Chaussod ',
Fabrice Martin-Laurent ', Antonio Bispo £, Daniel Cluzeau ”
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Contamination

Contamination

©



Bioindication:
Metal

contamination

Collembola standard organism: F. canc:'da_.-l

Laboratory test exposure

| e—
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Negative =@ hip between soil metal contamination and reproduction

ZyROThYy Contents lists available at SciVerse ScienceDirect I"%
s

bR Chemosphere

ELSEVIER journal homepa ge: www.elsevier.com/locate/chemosphere

Ecotoxicological assessment of metal-polluted urban soils using bioassays with
three soil invertebrates

Lucia Santorufo®*, Cornelis AM. Van Gestel ”, Giulia Maisto*



Bioindication:

Metal
contamination

Collembola NON-standard organism: O. pseu Jo..cachinanus

Laboratory test exposure
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Contents lists available at SciVerse ScienceDirect

Applied Soil Ecology

PR
ELSEVIER journal h D www. alsevier. I

Orthonychiurus pseudostachianus (collembola) as a toxicity test organism and
selection of an ecotoxicological test battery to assess soil quality

Lucia Santorufo*, Rita Carotenuto, Annamaria Rocco, Fabiano De Luca Picione, Giulia Maisto



Bioindication:

Metal
contamination

Preference of collembolan on metal contam: .ated ~od
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Pedobiologia - International Journal of Soil Biology

Journal homepa ge: www.elsevier .de/padobl

Food choice and reproductive success of Folsomia candida feeding on
copper-contaminated mycelium of the soil fungus Alternaria alternata

8| -1 8 -1
D contrul D 50 I'Ig g . 125 I'Ig g . 250 I'Ig g . 5DD I'Ig g Susanne P. Pfeffer*, Hind Khalili, Juliane Filser



Bioindication: PAH
contamination

Collembolan exposed to increasing PAH co Ms
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Bioindication: PAH
contamination

Multigeneration exposure of collembolan to-.*H ccr.centrations
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from dose-response relationships
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Bioindication:
Functional
approach

Functional traits Qr‘ o.‘qanisms

Functional trait is a»y n.arphological, physiological or
phenological feature mecsurable at the individual level, from
the cell to the whaie-orgunism level (Violle et al., 2007)



Bioindication:
Functional
approach

Fu . “%an | trait

N J

Only when a trait influc cey “ serformance can be defined “functional” and it
<an. affect e stem functions

Performance
the abi ty of ¢ 1 organism to grow, reproduce or survive
linked to >~ .itness
ex}. vessior of one or more functional traits
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Bioindication:
Functional
approach

St .y area: Napoli district

l Peri-urban/Industrial ” Agricultural

"1 4 Types of land uses
N° samples = 90

xs KR F @

Axis 1 (50.1 %)

Contents lists available at ScienceDirect

European Journal of Soil Biology

Original article

Responses of functional and taxonomic collembolan community @Cmmk
structure to site management in Mediterranean urban and
surrounding areas

Lucia Santorufo <", Jérome Cortet ¢, Johanne Nahmani ¢, Céline Pernin ',

Sandrine Salmon %, Audrey Pernot °, Jean Louis Morel ™ ¢, Giulia Maisto *



Bioindication:
Functional
approach

S area: Napoli district
[ [ Pericurban/industrial || Agricultural

o \ 4 Types of land uses
i ry N° samples = 90

Axis 2 (26.2 %)
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Contents lists available at ScienceDirect

European Journal of Soil Biology

-1.0 Axis 1 (50.1 %)
Fora@st=/unctional traits

Responses of functional and taxonomic collembolan community @Cwmk

r e I at e d t O St a b I e zz?rgﬁl;(ejl;og s;:ar;ianagement in Mediterranean urban and

Lucia Santorufo <", Jérome Cortet ¢, Johanne Nahmani ¢, Céline Pernin ',
is Morel ™

e n V i ro n m e n ts Sandrine Salmon %, Audrey Pernot °, Jean Loui rel ™€, Giulia Maisto *

journal http: .elsevier. I ejsobi
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approach

St .y area: Napoli district

I Peri-urban/Industrial ” Agricultural
4 Types of land uses
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approach
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Conclusions

Senstitivity of collembolans depends < .7:then functional traits

Easily found in

Epi-cdaphic  gisturbed environments

_ ~ Sensitive to amount
Hemi-edaphic of organic matter

Absent in very

Eu-edaphic  gegraded soils




