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Microbes?
“Very little animalcules”

A. Van Leeuwenhoek (1676) 

“Not visible with the naked eye”





FUNGI

ARCHEAPROTOZOOA ALGAE

BACTERIA



(Bodelier, 2011. Frontiers in microbiology)

Why they are important?



MICROORGANISM IN 
VERNAL POOLS : 
- PLANT SYMBIOSIS
- DISTRIBUTIONAL PATTERN  



DO FUNGAL ENDOPHYTES CONTRIBUTE TO 
PLANT ADAPTATION IN VERNAL POOLS?

Microorganisms as symbionts



Symbiosis



Fungal 
Endophytes

• Live inside plant tissues
• No diseases to the host

Fungal 
endophytes
hyphae



environmental adaptation -> plant fitness

(Rodriguez, & Redman, 2008; Chadha, et al. 2015)



Fungal symbionts  evidence

• Fungal endophyte confers heat tolerance to plants 
growing in geothermal soils in Yellowstone National 
Park (Rodriguez et al., 2008) 



• Tolerance via fungal endophyte symbiosis to drought 
stress has been reported (Rudgers & Swafford, 2008; 
Rodriguez et al., 2009; Shi et al., 2012). 

Endophyte
drought
tolerant



What is happening in vernal pools?



Amphibious plant

Psylocarphus brevissimus



…some traits are perhaps advantageous for the 
vernal pools plants specialist, but are not likely 

evolutionary adaptations in the strict sense.  



Hypothesis 

Fungal endophyte
associations influence plant 
adaptation to environmental 
stress in vernal pools.



“Orcuttia tenuis need fungal interactions in 
order for germination to be activated” 
(Griggs, 1981). 

“Fungi play an important role in seed 
germination for Orcuttia californica”
(Keeley, 1988). 

Evidence of fungal advantageous associations



What is the role of fungal endophytes ? 
Are they related to the amphibious behavior 
of vernal pool plants?





MICROBIAL COMMUNITIES IN VERNAL 
POOLS

Potential distribution patterns



DO MICROBIAL 
COMMUNITIES IN 
VERNAL POOLS 
SHOW SPATIAL 
STRUCTURE?



Because of its size, they are thought to be everywhere:

• “The lower the organization of the body is, the 
more generally it is distributed” (De Candolle, 
1821)

• “Everything is everywhere: but the environment 
selects” (Baas-Becking, 1934)



Microorganisms show distributional patterns…



SIMILAR TO 
MACROORGANISMS



HIGHER DIVERSITY



Variation by distance (distance-decay)



• Latitudinal gradient?
– precipitation

Vernal pools as a good  system to study 
spatial distributions

• Distance-decay?
– Dispersal
– Vernal pool 

environment





Biogeography

Provinces?
Regions? 



Sampling sites







Sequencing  
DNA



RESULTS

PRÓXIMAMENTE



GRACIAS.
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