
quagga mussels Parrotfeather and giant salvinia New Zealand mudsnails Didymo (fresh water diatom)





Year Fires Acres

2008 78,979 5,292,468

2007 85,705 9,328,045

2006 96,385 9,873,745

2005 66,753 8,689,389

2004 65,461 8,097,880

2003 63,629 3,960,842

2002 73,457 7,184,712

2001 84,079 3,570,911

2000 92,250 7,393,493

1999 92,487 5,626,093

10-yr total 799,185 69,017,578

Trend is increasing due to 
• climate change 

= more fires, bigger fires
• altered fire regimes 

= more intense, longer duration fires
• wildland urban interface 

= more suppression
• Increased reliance on aviation  

= more water moving

70 million acres burned in 800,000 fires in U.S.





Helicopters:
• Buckets
• Snorkels & internal tanks
• Portable tanks



Fixed Wing  Aircraft 
• Air Tankers , used for retardant 
• Single Engine Ag Tankers
• “Scooper” or “Duck”



Fixed Wing  Aircraft 
• Air Tankers , used for retardant 
• Single Engine Ag Tankers
• “Scooper” or “Duck” – 1400 gallons

!



Mars Water Bomber in service since 2007 for firefighting in Canada and California
Each drop is 7200 gallons and  covers an area of up to 4 acres (1.6 hectares)

On Lake Shasta, 2008



Ground based 
• Engines
• Portable tanks
• Water tenders
• Portable pumps/drafting 



LAKE Portable 
tank

Helicopter 1, 
snorkel

Helicopter 2, 
bucket

Wildland 
Engine

Portable 
tank

Helicopter 3,  
bambi bucket

tender

Wildland 
Engine



LAKE Portable 
tank

Helicopter 1, 
snorkel

Helicopter 2, 
bucket

Wildland 
Engine

Portable 
tank

Helicopter 3,  
bambi bucket

Starts with a single, pre-existing invasion in local waterbody 
that maybe known or unknown.

tender

Wildland 
Engine



LAKE Portable 
tank

Helicopter 1, 
snorkel

Helicopter 2, 
bucket

Wildland 
Engine

Portable 
tank

Helicopter 3,  
bambi bucket

Equipment contaminated from single source

tender

Wildland 
Engine





LAKE

Helicopter 1, 
snorkel

Helicopter 2, 
bucket

Wildland 
Engine

Helicopter 3,  
bambi bucket

Contaminated equipment used for fire suppression

Wildland 
Engine



LAKE

Fires out  but now there are multiple invasions to new watersheds 
and waterbodies, including  remote and isolated headwaters!



Helicopter 1, 
snorkel

Helicopter 2, 
bucket

Wildland 
Engine

Helicopter 3,  
bambi bucket

Contaminated equipment moves to a 
new incident or returns to home unit

Wildland 
Engine



Potential for multiple new invasions, 
including trans-basin introductions that 

circumvent typical AIS prevention efforts.



June 2007 in South Lake Tahoe, California
Fire burned 3100 acres, including 254 homes
2180 personnel assigned to the fire, including:
• 21 helicopters
• 56 engines
• 15 tenders
• multiple fixed wing





Light helicopter dipping from fish strainer with a 180-
gallon Bambi Bucket.

Hose-end fish strainer for drafting operations.



• 2007: US Forest Service, Region 4, started internal 
guidelines  (Tait et al.)

• 2008: Interagency working group with Southwest 
Geographic Coordinating Center produced Interagency 
Operational Guidelines and Technical Guide in 2008 
(Smith et al.)

• 2010: AIS prevention included in the interagency Red Book 



From Southwest Guidelines



Volume of tap water
Volume of Quat128® 

To make 5% solution
Volume of Sparquat 256®

To make 3% solution
100 mL water 4.63 mL 3.00 mL
1 gallon water 6.35 liquid oz. 4.12 liquid oz.
1 gallon water 12.7 tbsp 8.2 tbsp
1 gallon water 0.79 cups 0.51 cups
100 gallons water 4.96 gallons 3.22 gallons
1000 gallons water 49.6 gallons 32.2 gallons





Preliminary research conducted by Dr. David Britton, US Fish and Wildlife 
Service at Dr. Robert McMahon’s Lab at University of Texas, Arlington.











QUESTIONS?
Sandee Dingman

702-298-1070
sandee_dingman@nps.gov
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