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Overview 

!  The state of California’s aquatic species 
!  Invasive species and aquatic systems in CA 
!  Effects of invasive species globally 
!  Natural history of watersnakes 
!  Status of watersnakes in CA 
!  Invasion process 
!  Predicted invasion risk and impact 
!  Future steps 
!  How you can be involved 





2012 



1996 



Current status of California species  

#	  “species”	   Fed	  TE	   State	  TE	   SSC	  
	  SSC	  or	  
greater	  	  

Amphibians	   77	   10%	   17%	   29%	   46%	  

RepCles	   141	   5%	   6%	   18%	   23%	  

Total	   218	   7%	   10%	   22%	   31%	  
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* Virtually all the flows released from Friant Dam in a normal year are diverted and no water reaches below Mendota Pool.
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Flow regime before (blue) and after (red) dam 
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Complications from invasive species 

!  Novel competitors 

!  Novel predators 

!  Novel prey 

!  Change in vegetation communities and habitat 
structure 

!  Change in ecosystem structure and function 



Invasive predators 

“Based upon theory and observational data, alien 
predators and pathogens have been predicted to be 
far more likely … to cause the extinction of native 
species.” 



Invasive predators 

“Even within functional groups, a few species appear to 
have caused a disproportionate share of incipient and 
actual extinctions. A few widespread rat species, feral 
pigs, several predatory snakes …” 



Guam 

Brown tree snake in Guam 



(Wiles et al. 2003. Conservation Biology) 

Year 

Bird extinctions on Guam 



Burmese pythons,          
Python molurus,                      

in Florida Everglades 







Dorcas et al. 2012 

“…road surveys totaling 
56,971 km from 2003–
2011 documented a 
99.3% decrease in the 
frequency of raccoon 
observations, decreases 
of 98.9% and 87.5% for 
opossum and bobcat 
observations, 
respectively, and failed 
to detect rabbits.” 





Non-native Watersnakes,         
Nerodia spp.,                    
in California 



Natural history of Watersnakes 

!  Highly/entirely aquatic   (“Watersnakes”) 



Natural history of Watersnakes 

!  Eastern North American clade 
! 10 species 



Natural history of Watersnakes 

!  Voracious predators / dietary generalists 



Natural history of Watersnakes 

!  Viviparous and highly fecund. 



History of Watersnakes in CA 

!  1976 – Nerodia fasciata seen in LA County 

!  1980s – N. rhombifer in Contra Costa County 
(Lafayette Reservoir) 

!  1992 – N. fasciata in Sacramento County 
(Folsom) 

!  2006 – N. fasciata in LA County (Harbor City) 

!  2007 – N. sipedon in Placer County (Roseville) 
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Known populations in California 

Nerodia fasciata 
Southern Watersnake 

Nerodia sipedon 
Common Watersnake Common Watersnake 

Southern Watersnake 

Common Watersnake Common Watersnake 
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CDFW restricted possession in 2008 



Gartersnakes in California 



Closely related gartersnakes 

!  Thamnophis – 8 species  (“Gartersnakes”) 
!  Two state- and federally-listed species 

San Francisco Gartersnake Giant Gartersnake 



Proximity to Giant GarterSnakes 

!  N. fasciata 
! Folsom in 1992 

!  N. sipedon 
! Roseville in 2007 
! ~ 13 km from GGS 

populations 



Establishment	  

	  Spread	  

Impact	  

???	  	  	  Integra5on	  	  	  ???	  

Introduc5on	  

	  	  Transport	  

NaCve	  Species	  
Pool	  

Eradica5on	  poten5ally	  
s5ll	  possible	  

Incipient	  stages	  of	  invasion	  
Possibly	  preventable	  
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Stages of Invasion 
(Moyle and Light 1996; Richardson and Pysek 2006) 



Cost of invasives 

Pimentel et al. 2000 Bioscience 



Stages of Invasion 
(Moyle and Light 1996; Richardson and Pysek 2006) 
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Objectives 

!  What is the status of introduced populations? 

!  What is their likely ‘invasible’ range? 

!  What risk might they impose to imperiled 
native species? 
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Status of Folsom population 

!  N. fasciata in Sacramento County 
! Known from 1992 
! Subject of 2003-2004 study 

!  Extant and reproductive 



Status of Folsom population 



Status of Harbor City population 

!  N. fasciata in Los Angeles County 
! Known from 2006 
! No previous work here 
! Subject of our work in 2010 

!  Extant and reproductive 



Status of Harbor City population 



Status of Placer population 

!  Known from 2007 
!  N. sipedon in Placerville had not been studied 
!  Was subject of our work in 2011 





Aquatic minnow traps 

Box Funnel Traps 





Estimating population size 

1)  10 day closed mark-recapture model 

2)  57 day removal sampling 
"  Leslie depletion curve 

3)  Count of removed individuals 



Estimating population size: Results 

1) MR Model:    112.4   (72-251) 

2)  Leslie depletion model:  114.6   (105-125) 

3)  Count individuals:   113 

!  Density:    56.2 snakes / ha 

!  Total population:   348 individuals 

Rose, Miano, Todd 2013 



Status of Placer population 

!  High fecundity 
! 70% of reproductively-sized females were gravid 
! Mean litter size of 19.5 (range: 2-48) 

!  High capture efficiencies 
! 1 capture per 19-35 trap-nights 

Rose, Miano, Todd 2013 



First evidence of feeding on natives 

Pseudacris regilla 

Miano, Rose, Todd 2012 



Many juveniles in population 

!  A) females 

!  B) males 

Rose, Miano, Todd 2013 



Objectives 

!  What is the status of current populations? 
! N. sipedon in Roseville: Established and reproductive 
! N. fasciata in Folsom: Established and reproductive 
! N. fasciata in Harbor City: Established and reproductive 

!  Can they be removed? 
! High trapping efficiency 
! Demonstrated reduction in CPUE 
! Diversity of size-classes 
! Largest/oldest animals likely poorly captured 
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Objectives 

!  What is the status of current populations? 

!  What is their likely ‘invasible’ range? 
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Species Distribution Modeling 

!  Use all occurrences of species 
!  Quantify climate where they occur 

! Range of temperature 
! Mean temperature of warmest quarter 
! Mean temperature of coldest quarter 

!  Identify similar areas across North America 
!  Include presence of aquatic habitat as limiting 

factor 



Common Watersnake (Nerodia sipedon) 

Southern Watersnake (Nerodia fasciata) 

Native Ranges 



Common Watersnake projections 
Rose and Todd 2014 



Southern Watersnake projections 
Rose and Todd 2014 



Predicted suitable habitat 

!  Common Watersnake – N. sipedon 
! Northerly distribution in the West 
! Coastal regions, foothills, and higher elevations 

!  Southern Watersnake – N. fasciata 
! Southerly distribution in the West 
! Central Valley and inland areas 

Rose and Todd 2014 



Risk to native species? 

!  Special status amphibians and fish that can be 
eaten by Watersnakes 

!  Native Gartersnakes that may compete with 
Watersnakes 

!  How do distributions of these natives overlap 
with projections for Watersnakes? 

Rose and Todd 2014 



Gartersnakes and amphibians 

Southern Watersnake 

Common Watersnake 

Rose and Todd 2014 



Overlap with fishes 

Southern Watersnake 

Common Watersnake 

Rose and Todd 2014 



Potential species at risk 

!  Southern Watersnake – N. fasciata: 
! Giant Gartersnake 
! San Francisco Gartersnake 
! Santa Cruz Long-toed Salamander 
! California Giant Salamander 
! Delta Smelt 
! Tule Perch 
! Hitch 
! Sacramento Splittail 
! Steelhead CCW, CVW, SCCW 



Potential species at risk 

!  Common Watersnake – N. sipedon: 
! Sierra Gartersnake 
! Giant Gartersnake 
! Southern Long-toed Salamander 
! Foothill Yellow-legged Frog 
! Lost River Sucker 
! Delta Smelt 
! Tule Perch 
! Sacramento Splittail 
! Steelhead CVW 



Take home message from models 

!  Several sensitive status native amphibians and 
fishes that can be eaten may be affected 

!  Some native Gartersnakes at risk from 
competition 



What about “hybrid vigor”? 

Mebert 2008 



Future directions 

!  How quickly can they spread? 

!  To what extent are they spreading? 
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Spread via connected waterways 

Southern Watersnake Common Watersnake 



How quickly can they spread? 

!  Modeling population dynamics 

!  Connectivity of waterways 

!  Create spatial maps of potential rate of 
spread 
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Spread via connected waterways 

Southern Watersnake Common Watersnake 



Where are they spreading? 

!  Citizen reports near Manteca, Stone Lakes 
Wildlife Refuge, Little Potato Slough 

!  eDNA sampling to detect dispersal 





Identifying Watersnakes 

!  Highly aquatic or riparian 
!  Brown to brownish-black with cross bands 
!  Large eyes set toward top of head 



Identifying Watersnakes 



Identifying Watersnakes 



Similar native species 

Northern Pacific Rattlesnake 

Gopher Snake 



Similar native species 

Wandering Gartersnake Giant Gartersnake 

Sierra Gartersnake 



Reporting Watersnakes 

   

  californiawatersnakes@gmail.com 



Funding organizations 


