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Located within an evaporitic basin with 
~150 mm annual precipitation, the 

Cuatro Ciénegas basin supports more 
than 70 endemic species and, uniquely, 
abundant living stromatolites forming 
the basis multilayered food webs that 
include snails, crustaceans, and fish.

Amazingly this occurs in an extremely 
salty and oligotrophic water. 



Given the high levels of 
endemism and biodiversity, 

an 85,000-ha area is currently 
designated as a federal “Area 

de Protección de Flora y 
Fauna,” providing for nature 

conservation alongside 
sustainable development 

activities



Aquatic ecosystems are 
under increasing 

anthropogenic pressures 
worldwide and especially in 

arid regions of the 
developing world. 

CCB is no exception.





Given the considerable conservation 
interest of the CCB due to its high levels 
of endemism and its status as an aquatic 
oasis in severe desert environs, a better 
understanding of the sources of water 

sustaining the springs is critical. 

Why CCB is so diverse?



Geology maters



cuatro
ciénegas



Our questions:
• Where the water comes from? 

• Why there are so many species in 
CCB?

• Which are the evolutionary forces that 
shape these communities



How we did it?









16S amplified zone



DNA Total de la muestra. CONTIENE MILLONES DE 
HEBRAS DE MILLONES DE ORGANISMOS, 
MUCHOS DE ELLOS DIFERENTES

Gen del ribosoma
16S 
amplificado
millones de veces
por PCR.

Sólo una copia por
bacteria receptora: 
librería de clonas

MUESTRA DE AGUA

Secuenciar varias clonas por sitio

ATTTCCGCTTAAATTCGTC

ATTTCCGTTTAAATTCCTC

Alinear, identificar la 
diversidad y BLAST

Librería de 
clonas de 
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ambiental
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diversidad y BLAST
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Crecer las
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filogenia
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Gen del ribosoma 16S amplificado millones
de veces por PCR.
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ambiental
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Agua
Mezcla de 
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PCR con 
fluorescencia
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Secuenciador Capilar



¿Porqué se pueden hacer estudios de 
comunidades con esta técnica?

Porque separa
los organismos
con sitios
diferentes



What we 
found?



TRFLP

As a way to map the edge of the 
aquifer 

TRFLP

As a hint to microbial diversity
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Sequences as a way to describe 
diversity
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Phylogenetical affilation of 16S rDNA clone library 96 clones



How can we explain 
so much diversity 
in an extreme 
environment?

Even if we are sub sampling it



Interphases are the key?

--
salinidad

++
Karstic water

Salty Water





Or random process as genetic 
bottle necks and high 
extinction/speciation process?



Population genetics of key species
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Our favorites
• Bacillus: 18 species including several

marines (B. Aquamaris (yellow) has an
ample distribution). 1000 isolates

species concept

• Aquatic rhizobiacea
• Pseudomonas

Population structure and Gene flow



250 strains of each genera to
sequence at least 4 genes for
molecular population genetics.



But more 
interesting

We found the sea at 
CCB!!!



Total sample

16S sequence  affiliation total and by valley

Valleys samples



Symbols of sampled valleys
Valle de Cuatro Cienegas
Valle del Hundido
Valle Calaveras
Mina Rosario

RDB data on Source of closest relatives
Marine
Soil
Fresh water or mineral water
Volcanic
Not reported or others
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Archaea

 X80681Styphimurium
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 X80732E.coli
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 Hundido26.20 
 AJ002813Pseudomonassp
 AJ000726Marinobacteraquaeolei
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 Calaveras29.17
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 AY499915*Unculturedgammaproteobacterium
 Rosario24.17 
 AY310506*Endosymbiont
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 AF422679Unculturedbacterium
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Green non sulfur bacteria

 AY258085*BacteriumDG897
 CC43P 
 AB026194*Alphaproteobacterium
 AF098495*Roseobacter
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 AY258088*Roseobacter
 CC37P 
 AY114325*UncVerrucomicrobia
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 Z95707Bacterialspecies
 AJ131819planctomycete
 AJ519649Unculturedbacterium
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 CC50P 
 AF188173*Unculturedeubacterium
 AB116508*UnculturedBacteroidetes
 CC26P 
 AF170779*UncCytophQSSC9L-1
 AF521195*Brumimicrobiumglaciale
 CC36P 
 M62799*Zobelliauliginosa
 AY345434BacteriumK2-15
 CC27P *
 CC16.23 *
 AB011057Clostridiumjosui
 X71847Ccellulolyticum
 AB022911Deinococcussp.
 Calaveras28.5
 Rosario24.49 
 AF524023Unculturedbacterium
 AF050608UnculturedeubacteriumWCHA1
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utor N analyzed clones Source of clones
ouza 2004 (CCC) 35 Ponds, Cuatro Cǐ negas Coahuila
asamayor (LAKE1) 21 Sulfurous lakes: Cis— lake and Vilar lake, Spain
emergasso (LAKE2) 31 Atacama desert, Northern Chile
umayoun 2002 (LAKE3) 63 Mono Lake, California
uske 1997 (SOIL) 39 Soils of the arid southwestern United States
ekigushi 2002 (RIVER) 27 Changjiang River, China
ngert 1998 (SUBRIVER) 16 Sulphur river, parker cave, Kentucky

Madrid 2001 (SEA) 68 Cariaco Basin
owman 1999 (ANTLAKE) 30 Hypersaline antartic lakes

Williams 2004 (FRESHWAT) 17 Drinking water in a distribution system simulator
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How this could 
happen?



200 million years ago
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How the sea 
could be 
stored and 
preserved 
alive?







We are 
looking for
the edge of
the sea
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Key questions:

Is every thing small
everywhere?

Is every thing small as 
everybody else?



•Why we care?

•Because these are key questions 
in microbial ecology

•Because molecular data on the 
size of the aquifer is the main 
evidence to stop the agricultural 
development in the area.





I do not know 
anything about 
politics, and I 
am an honest 
creature
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