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Introduc)on:	
  Soil	
  biodiversity,	
  the	
  final	
  fron)er	
  

Importance	
  of	
  soil	
  fauna	
  
è Ecological	
  importance:	
  regulators	
  of	
  soil	
  

processes	
  

è Economic	
  importance:	
  maintenance	
  of	
  
soil	
  fer4lity	
  

è Strategic	
  importance:	
  highly	
  diverse	
  
communi4es	
  

è Strategic	
  importance:	
  invasive	
  species	
  

è Prac>cal	
  importance:	
  used	
  as	
  
bioindicators	
  of	
  soil	
  quality	
  or	
  pollu4on	
  



Introduc)on:	
  Soil	
  biodiversity,	
  the	
  final	
  fron)er	
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Problems	
  with	
  the	
  study	
  of	
  soil	
  biodiversity	
  

Swift et al. (1979), Decaëns et al (2006), Brussaard (1997), Behan-Pelletier (1999), 
André (2001), Wall, André (2002), Decaëns (2010) 

Difficul>es	
  for	
  species	
  ien>fica>ons	
  

è Very	
  high	
  biodiversity	
  

è High	
  level	
  of	
  exper>se	
  required	
  

è Small	
  size,	
  minute	
  characters	
  

è Phenotypic	
  plas>city	
  

è Non-­‐diagnosable	
  life	
  stages	
  

Microorganisms	
  
5%	
  Other	
  

animals	
  
54%	
   Soil	
  

animals	
  
23%	
  

Plants	
  
18%	
  

Total number of 
described living 

species: ~ 1.5 to 2 Msp 



Introduc)on:	
  Soil	
  biodiversity,	
  the	
  final	
  fron)er	
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Ø  Known	
  biodiversity	
  =	
  small	
  
frac4on	
  of	
  real	
  diversity	
  

Ø  Higher	
  deficit	
  for	
  small	
  
body	
  sized	
  groups	
  of	
  soil	
  
organisms	
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Decaëns	
  et	
  al.	
  (2008),	
  Decaëns	
  (2010)	
  	
  

Important	
  limita>ons	
  for	
  soil	
  ecology:	
  
è Deficit	
  of	
  taxonomists	
  and	
  legacy	
  issues	
  

è Problem	
  for	
  establishing	
  reliable	
  lists	
  of	
  
species	
  

è Problem	
  for	
  establishing	
  the	
  taxonomic	
  
status	
  of	
  important	
  biological	
  models	
  

The	
  taxonomic	
  deficit	
  



DNA Barcoding = the use of a short 
standardized gene fragment for species 
identification and biodiversity exploration 

Cytochrome c oxidase I (COI) is the 
selected standard ‘barcode’ in animals 

è A standardized identification 
method for animals 

Introduc)on:	
  What	
  is	
  DNA	
  barcoding?	
  

Hebert	
  et	
  al	
  (2003)	
  



Introduc)on:	
  What	
  is	
  DNA	
  barcoding?	
  
	
  
Some controversy regarding the 
reliability of the method 

➔  Potential false negatives: identical 
barcodes in two actually different 
species (short divergence time, gene 
introgression); 

➔  Potential false positives: different 
barcodes within a single species 
(ancestral polymorphism, genetic 
introgression)  

Now recognized as a reliable and 
straightforward tool for species 
discrimination 

Hebert proposed the idea of a 
global barcode library for the animal 
kingdom 

Rubinoff	
  &	
  Holland	
  (2005),	
  Trewick	
  	
  (2007),	
  Wiemers	
  &	
  Fiedler	
  (2007),	
  
Will	
  et	
  al	
  (2005),	
  Hebert	
  et	
  al	
  (2003,	
  2004,	
  2010)	
  



Introduc)on:	
  Building	
  the	
  reference	
  library	
  

➔  Involves	
  a	
  network	
  of	
  taxonomists	
  for	
  a	
  range	
  of	
  taxonomic	
  
groups	
  

The	
  interna>onal	
  Barcode	
  of	
  Life	
  (iBOL)	
  



DNA barcoding workflow 

Introduc)on:	
  Building	
  the	
  reference	
  library	
  

DNA	
  
extrac>on	
  

PCR	
  
Amplifica>on	
   Sequencing	
  

Photograph	
  

Collec>on	
  Data	
  Specimen	
   Web-­‐Accessible	
  Data	
  and	
  
DNA	
  Barcode	
  

Tissue	
  Sample	
  



- BOLD is used for most sequence manipulations, analyses, comparisons, mapping 

- Confidentiality requirements can be managed with BOLD 

Introduc)on:	
  Building	
  the	
  reference	
  library	
  

Ratnasingham	
  &	
  Hebert	
  (2007)	
  

A	
  dedicated	
  bioinforma>cs	
  pla^orm	
  (BOLD)	
  



Current coverage : 
≈ 2200K Barcode Records; > 250K Species 

Introduc)on:	
  Building	
  the	
  reference	
  library	
  



Barcoding	
  campaigns	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

Barcoding	
  campaigns	
  of	
  soil	
  invertebrates	
  



Barcoding	
  campaigns	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

Barcoding	
  campaigns	
  of	
  soil	
  invertebrates	
  

WG	
  1.9	
  –	
  Terrestrial	
  Bio-­‐Surveillance	
  



Soil invertebrate barcoding campaigns 

The	
  Earthworm	
  barcode	
  of	
  life	
  

Progress 
Targeted species: 5829 
Specimens barcoded: 4000 



Soil invertebrate barcoding campaigns 

The	
  Formicidae	
  barcode	
  of	
  life	
  

Progress 
Targeted species: 12 205 
Specimens barcoded: 14 451 



	
  
	
  
Iden>fica>on	
  through	
  closest	
  match	
  in	
  a	
  curated	
  reference	
  
library	
  

Applica)ons:	
  Species	
  iden)fica)on	
  



õ	
  

Applica)ons:	
  Species	
  iden)fica)on	
  



õ	
  

Applica)ons:	
  Species	
  iden)fica)on	
  



Applica)ons:	
  Species	
  iden)fica)on	
  



Richard	
  et	
  al	
  (2010)	
  

… anywhere, any stages 
Applica)ons:	
  Species	
  iden)fica)on	
  



Cryp)c	
  species	
  =	
  species	
  
morphologically	
  iden4cal	
  but	
  
well	
  discriminated	
  by	
  their	
  
barcodes	
  
	
  
Extensive	
  survey	
  of	
  earthworms	
  from	
  
deferent	
  Bri4sh	
  locali4es:	
  
è A.	
  chloro)ca,	
  A.	
  longa,	
  A.	
  rosea	
  and	
  

L.	
  rubellus	
  all	
  comprise	
  highly	
  
divergent	
  lineages	
  with	
  species-­‐level	
  
divergence	
  

è AFLP	
  markers	
  showed	
  that	
  14%	
  of	
  
divergence	
  at	
  COI	
  might	
  not	
  be	
  
enough	
  to	
  consider	
  two	
  lineages	
  as	
  
dis4nct	
  species	
  

Applications: Cryptic diversity 

King	
  et	
  al	
  (2008),	
  Dupont	
  et	
  al.	
  (2011),	
  Porco	
  et	
  al.	
  (in	
  prep)	
  



Applications: Cryptic diversity 



Applications: Alpha taxonomy 



Applications: Biodiversity estimates 

Decaëns	
  et	
  al	
  (accepted),	
  Porco	
  et	
  al.	
  (in	
  prep),	
  Smith	
  et	
  al	
  (2005,	
  2009)	
  

-­‐ 	
  “Earthworms	
  of	
  Normandy”	
  sub-­‐project	
  
-­‐ 	
  “Earthworms	
  of	
  Canada”	
  sub-­‐project	
  
è	
  About	
  800	
  sequences	
  



Applications: Ecology 

20 km 

Nourague’s	
  
Reserve	
  

Pararé	
  sta4on	
  

Inselberg	
  sta4on	
  

Decaëns	
  et	
  al	
  (in	
  prep),	
  poster	
  at	
  ICSZ	
  XVI	
  

Objec)ve:	
  
To	
  describe	
  earthworm	
  biodiversity	
  paIerns	
  in	
  the	
  hyperdiverse	
  ecosystems	
  of	
  the	
  Nourague’s	
  
natural	
  reserve,	
  French	
  Guayana	
  



Applications: Ecology 

Decaëns	
  et	
  al	
  (in	
  prep),	
  poster	
  at	
  ICSZ	
  XVI	
  

�  748	
  earthworms	
  
�  4	
  families:	
  Glossoscolecidae,	
  

Octochae4dae,	
  Ocnerodrilidae,	
  
Haplotaxidae	
  

�  605	
  sequences	
  
à  >	
  80%	
  success	
  

	
  	
  

15%	
  threshold	
  
è  50	
  MOTUs	
  
�  ~	
  30%	
  of	
  singletons	
  

	
  Locality	
  with	
  the	
  highest	
  
species	
  richness	
  
worldwide	
  !	
  

Probably	
  >	
  40	
  of	
  the	
  
MOTUs	
  correspond	
  to	
  
species	
  new	
  for	
  science	
  



Decaëns	
  et	
  al	
  (in	
  prep),	
  poster	
  at	
  ICSZ	
  XVI	
  

Applications: Ecology 

Up	
  to	
  >	
  40m	
  



Applica)ons:	
  Phylogeography	
  	
  

Hormogaster	
  elisae	
  

Novo	
  et	
  al	
  (2009)	
  



Applica)ons:	
  Phylogeography	
  	
  

Tsoi	
  et	
  al	
  (2010)	
  poster	
  at	
  iBOL	
  Conference	
  	
  

Inferring	
  Ant	
  Reproduc>ve	
  Dispersal	
  Through	
  	
  
Phylogeographic	
  Comparisons	
  of	
  COI	
  

	
  

Fiona	
  Tsoi	
  1,	
  Claudia	
  Bertrand1,	
  Brian	
  L.	
  Fisher	
  2	
  and	
  M.	
  Alex	
  Smith	
  1	
  
1	
  Department	
  of	
  Integra>ve	
  Biology,	
  University	
  of	
  Guelph,	
  	
  2	
  California	
  Academy	
  of	
  Sciences,	
  San	
  Francisco	
  

Objec)ves:	
  
To	
  predict	
  female	
  reproduc4ve	
  dispersal	
  
paIerns	
  using	
  phylogeographic	
  
comparisons	
  of	
  DNA	
  barcodes	
  
	
  
	
  
	
  

Study	
  region:	
  Madagascar	
  

Predic)ons:	
  

Alates (winged)  

Ergatoids (wingless) 

Geographic distance 
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Results:	
  
Ergatoid	
  species	
  	
   Alate	
  species	
  

n=	
  28	
  
r=	
  0.91	
  
P<	
  0.001	
  	
  

n=	
  14	
  
r=	
  0.074	
  	
  
p=	
  0.34	
  	
  	
  



Applications: Monitoring of invasive species 

Smith	
  &	
  Fisher	
  (2009)	
  

�  10	
  sites	
  and	
  >	
  1000	
  sequenced	
  specimens	
  
�  52	
  species	
  /	
  25	
  introduced	
  

➔  Among	
  which	
  the	
  “biological	
  Aola”s	
  Pheidole	
  
megacephala,	
  Anoplolepis	
  gracilipes,	
  
Paratrechina	
  longicornis…	
  



Porco	
  et	
  al	
  (2013)	
  

• 	
  Comparing	
  COI	
  varia4on	
  in	
  autochthonous	
  versus	
  invasive	
  popula4ons	
  of	
  European	
  
Lumbricidae	
  and	
  Collembola	
  
• 	
  Gene4c	
  structure	
  of	
  invasive	
  popula4on	
  reveals	
  invasion	
  history	
  
• 	
  Most	
  species	
  have	
  been	
  introduced	
  in	
  North	
  America	
  repeatedly	
  and	
  massively	
  

Aporrectodea	
  caliginosa	
  

Applications: Monitoring of invasive species 

Invasion process 
(origin, expansion) 

Lumbricus	
  terrestris	
  /	
  herculeus	
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Environmental Sample 

Pyrosequencing data 

Species identities 
and counts 

454 FLX Pyrosequencer 

Perspec)ves	
  :	
  Environmental	
  barcoding	
  	
  

Decaëns,	
  Sebag,	
  Porco	
  et	
  al	
  (2011-­‐2013)	
  GENOSOIL-­‐Fr	
  project,	
  poster	
  at	
  ICSZ	
  XVI	
  	
  



Perspec)ves	
  :	
  Environmental	
  barcoding	
  	
  

Bienert	
  et	
  al	
  (2012),	
  Hajibabaei	
  et	
  al	
  (unpublished),	
  
Decaëns,	
  Sebag,	
  Porco	
  et	
  al	
  (2011-­‐2013)	
  GENOSOIL-­‐Fr	
  project,	
  poster	
  at	
  ICSZ	
  XVI	
  	
  

A	
  high-­‐throughput	
  genomics	
  approach	
  for	
  comprehensive	
  biological	
  assessment	
  of	
  
environmental	
  change	
  
Project	
  leader:	
  M.	
  Hajibabaei	
  



• 	
  In	
  February	
  2011	
  and	
  
March	
  2012-­‐2013	
  
• 	
  In	
  the	
  Na4onal	
  Park	
  of	
  
La	
  Lopé	
  (Gabon)	
  
• 	
  Invertebrate	
  diversity	
  
assessment	
  using	
  DNA	
  
barcoding	
  

Decaëns	
  et	
  al	
  (in	
  prep),	
  poster	
  at	
  ICSZ	
  XVI	
  

Perspec)ves:	
  Educa)on	
  	
  



Perspec)ves:	
  Educa)on	
  	
  

DNA	
  barcoding:	
  para	
  quê	
  e	
  para	
  quem?	
  

Improve	
  our	
  taxonomic	
  
knowledge	
  of	
  soil	
  fauna:	
  
è Taxonomy	
  and	
  systema4cs	
  

è Community	
  ecology	
  

è Func4onal	
  ecology	
  
è Conserva4on	
  biology	
  



Perspec)ves:	
  Educa)on	
  	
  

DNA	
  barcoding:	
  para	
  quê	
  e	
  para	
  quem?	
  

In	
  the	
  context	
  of	
  Brazil:	
  
è  Describe	
  soil	
  invertebrate	
  biodiversity	
  in	
  the	
  main	
  natural	
  ecosystem	
  

è  Provide	
  new	
  insights	
  for	
  the	
  monitoring	
  of	
  this	
  biodiversity	
  in	
  deforested	
  and	
  
agricultural	
  landscapes	
  

è  Par4cipate	
  to	
  high	
  level	
  educa4on	
  in	
  biodiversity	
  research	
  and	
  environmental	
  
sciences	
  



Obrigado	
  pela	
  atenção	
  	
  


