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öEnclosed basin

ö~ 150 mtn. ranges 
& valleys

ö4 cm to 90 cm 
annual precipitation

ö100 m bsl to 4500 m 
elevation

ö-25 oC - 55 oC 

Snake R. Plain



óAges of Discoveryô

1800s ïFirst biological surveys 

1930s ï1950ðóAge of Fishesô

1960s ï1980sðôAge of Fish Conservationô

1980s ï1990sðôAge of Springsnailsô

Late 1990s ïPresentðôAge of Ecologyô



Conceptual Challenge

üHistoric absence of Conceptual 
Framework of their ecology

ü So many springs (10s of thousands)

ü Wide diversity (each is unique)

üMorphology, aquifer sources, landscapes, biota, persistence

üGradient of natural and cultural harshness

ü Historically not considered as  important 
biological resources 



What is a Spring ?

Aquatic and riparian system that is 
supported by water discharging onto the 
land surface through natural processes



Spring óTypesô (morphology)

ÅIntermittent

ÅPersistent

öRheocrene

öHelocrene

öLimnocrene

öOthers

ÅCliff face

ÅFen

ÅScoured



Springs vs. Streams

Springs

öRelatively Static

ÅDischarge 

ÅWater Temperature

ÅWater Chemistry

ÅTurbidity

ÅEtc.

ÁWeak Hydraulic 
Processes

Streams

öRelatively Variable

ÅDischarge  

ÅWater Temperature

ÅWater Chemistry

ÅTurbidity

ÅEtc.

öStrong Hydraulic 
Processes



Basic Landscape Characteristics

üComparatively small 

ü Individual or provinces

üMost are isolated from 
other aquatic systems

üOften the only water 
over large areas

üOccur from mountain 
tops to lowest valley 
floors

üOccur over all 
geologies & land forms



Ancient Fluvial Connectivity
(Miocene ïPleistocene)



Crenobiontic Diversity
Obligatory Spring -Dwelling Plants and Animals

Known from ~ 800 Springs

Plants

~ 15 spp. & var.

Mollusks

~ 100 spp. 

Fishes

~ 50 spp. & ssp.

Insects 

~15 spp. & ssp. (?)

Amphibian

3 sp.

Mammals

2 ssp.

Crustaceans

?? spp. 



Crenobiontic Presence and BMI 
Diversity

 

Occurrence Mean No. 
Taxonomic 

Groups* 
 

 

 

 
Present 9.5 (+3.7) 

Absent 4.7 (+3.2) 

  
  
 
N = 125 Springs, p < 0.001, Kruskal-Wallis 
Test  



Importance of Arid Land 
Springs

ü Biodiversity & cultural hot spots (Native 
Americans, rural economies, birds, mammals, riparian 
vegetation, aquatic life)

ü They are closely associated with 
physiochemical characteristics of 
groundwater systems and indicators of 
land health

ü Sole habitat for many crenobiontic
species



Relevant Biological  Factoids

üWeakly able to predict presence or absence of 
benthic/riparian species at a spring

üFunctional characteristics of BMI and riparian 
correlated with basic environmental factors

üPersistence & discharge

ü Physicochemical characteristics

ü Magnitude, frequency, & duration of natural & 
cultural harshness

üMyriad of different óreference conditionsô 
relative to characteristics of natural stressors




