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Presentation Overview

• Species Risk analysis
– Exposure to threat
– Biological Response
– Changes to Extinction Risk

• Hydrologic Analysis
– Event Frequency

• NMFS Recommendations
– Chronology
– Recommendation



Range of all salmonid 
species listed as threatened 
or endangered under the 
Federal Endangered Species 
Act in California

Steelhead

Larson 2009

Coho Salmon

Keeley 2008

Chinook Salmon

House 2001

Range of Salmonids in California



Potential Areas of Concern
Occupied watersheds with 
considerable acreage of 
vineyard development 
indicating the scope of 
potential frost protection 
issues in California



There are 1,778 miles of 
potential salmonid habitat in 
the Russian River.  All of this 
habitat is needed for recovery 
of the three species as described 
in the forthcoming NMFS 
recovery plans.

Salmonid Habitat in 
the Russian River



There are 60,640 acres of 
vineyard in the Russian River 
(Heaton 2008).  70% are within 
300 feet of salmonid habitat 
and 25% of salmonid habitat is 
within 300 feet of a vineyard.

Overlap between 
Vineyards and habitat

Vineyard Source: UC Berkeley/IHRMP North Coast BIS Lab 2008



Risks from Vineyards

Unknowns:

• Percentage of vineyards that 
irrigate for frost protection.

• Proportion of vineyards that 
rely on surface water diversions 
for their frost protection needs.

Proximity of vineyards to 
habitat suggests easy access to 
surface diversions and potential 
impacts from instantaneous 
reductions in flow during the 
frost protection season.  
Adjacency does not necessitate 
an impact, but one one study 
estimated 30% of tributaries are 
affected.



Biological Response

• Life-stage
– Egg
– Fry
– Juvenile
– Smolt
– Adult

• Response
– Timing
– Behavior
– Physiological tolerance

Background photo courtesy of Simpson Timber Co. 2001



Fry

• Typically emerge from redds in April or May
• Have poor swimming ability
• Occupy the shallow margins of streams
• Take refuge in cobble substrates
• Highly susceptible to stranding



Smolts
• Typically migrate from March through May
• Represent the net productivity of a watershed
• Strong swimmers
• Less susceptible to stranding than fry
• We have observed smolt mortality with frost event 

drawdowns



Population Viability and Extinction

• Viable Population
– A population that has a low probability of going extinct 

over the next 100 years 
• 4 viability attributes

– Abundance
– Population growth rate
– Spatial Structure (i.e. distribution)
– Diversity (genetic and ecological)



General Pattern of Population Decline and 
Extinction

C. Johnson 2008

Coho Salmon

Chinook Salmon
and Steelhead



Threats to Survival and Recovery

• Habitat conditions
– 22 of 35 habitat attributes are limiting production
– Including instantaneous flow reductions in spring

• Sources of Stress (top 4)
– Agriculture practices
– Droughts
– Roads
– Water diversion and impoundment

Source: Draft Federal Recovery Plan for CCC coho salmon



Conclusion

• Population viability is low for all three 
salmonids in the Russian River
– Coho salmon are at very high risk of extinction

• Exposure to the threat of Frost protection 
irrigation is high

• This threat (and others) likely limits the 
survival and recovery of these species



Hydrologic Analysis

• Evaluation of the scope, frequency, and magnitude of 
streamflow drawdown events associated with 
irrigation for frost protection
– Analysis by Berkeley Water Center of Hopland gage data
– Comparison with tributary observations

• Interpretation of results
– Frequency and magnitude of drawdown events
– Historical emergence of drawdown pattern



Full flow record for the 2008 Spring where multiple pumping events were initiated. 
Berkeley Water Center

Mortalities observed



Detailed look at a week with multiple pumping periods, some of which correspond to 
low temperatures.



2001 had a dry spring and many days in the early April period with rapid water draw 
downs.



Very wet Spring with little frost to worry about.  



Frost and Flow Signals - Russian River at Hopland
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Ukiah Valley

R2 = 0.601
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Signal in Tributaries
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Hydrologic Conclusions
• Frost pumping drawdown events typically occur 

multiple times a year.
• They happen on average 3 out of 4 years.
• They are more extreme in dry years.

– When fish are at greatest risk.
• Events correlate with frost risk

– Not necessarily with actual frosts
– Over-response appears to be increasing 

• Tributary events are likely more frequent and more 
severe



• Significant drawdowns 
occurred, despite 
attempts to mitigate 
with increased flows.

• Flow release increases 
from Coyote Dam, 
apparently anticipating 
drawdown events 
downstream.

2009 Mitigation



Summary

• Rapid drawdowns are a threat to species survival and recovery.
• Frost pumping impacts are documented and widespread.

• Fisheries are near extinction.
• 12 years after the SWRCB Staff Report, coho salmon are in 

danger of extinction in the Russian River.

• Failure of the SWRCB to take appropriate action this year on 
frost irrigation will likely result in additional fish kills and 
violations of ESA.



NMFS’ Mandates

• NOAA Fisheries Habitat Program Mandates to protect and 
restore habitat:

• Endangered Species Act
• Magnuson-Stevens Fishery Conservation and Management 

Act
• Coastal Wetlands Planning, Protection, and Restoration Act
• Fish and Wildlife Coordination Act
• Federal Power Act, 
• Energy Policy Act, and other acts and policies. 



NMFS Roles and Recommendations

• NMFS is the agency responsible for 
implementing the Federal Endangered Species 
Act as it applies to salmon and steelhead.

• We achieve this via technical assistance, 
permitting, and enforcement.
– Building partnerships with stakeholders is our 

preferred means of protection and recovery



Chronology of Frost Policy
• 1972 SWRCB determines frost protection irrigation is 

an unreasonable use of water in the Napa River
• 1977 Watermaster system for the Napa River is 

codified
• 1997 SWRCB Staff Report identifies frost protection 

impacts to salmonids in the Russian River
– Concludes it to be a waste and unreasonable use of water
– Found wind machines to be a reasonable alternative



Chronology Continued

• 2008 drought and frost events lead to fish kills
– NMFS Office of Law Enforcement (OLE) opens 

investigations
– OLE forms the Frost Protection Task Force in July, 2008
– NMFS identifies instantaneous flow reductions in spring as 

a limiting factor for coho salmon in the Federal Recovery 
Plan

• 2009
– NMFS requests emergency regulations from SWRCB
– Additional fish kills occur with frost protection events



NMFS Recommendation

• We recommend the SWRCB exercise their 
authorities to regulate water use to protect 
salmonids, throughout their range, from any 
harmful water use.

• For this year, we recommend no diversion 
from surface and hydrologically connected 
sources for frost protection.

• Implement long term solution.



Long Term Alternatives?
• Wind Machines (Staff report 1997) 
• Coordinated water use.
• Vine and Field Management Practices

– Pruning Timing
– Soil Moisture and Tilling
– Cover Crop
– Frost Resistant Varieties
– Frost Prone Areas

• Sprinkler automation, reduce false alarms
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